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A  minent  firom  BninswidE  in  the  State  of  Uaioe,  coDsiBting  of  white 
Marly  scales,  having  the  feel  of  a  soft  earthy  tab,  and  ooxitaining,  according  to 
Thomson  {Outlines  of  Mineralogi/,  i.  241^  ^'^^  P«r  c«nt^  silica,  28*84  alumina,  4*48 
finric  oxide,  and  10  water  ( —  98*71).  TcUciie,  6om  Wicklow  in  Ireland,  is  similar  in 
physical  character,  bat  of  different  chemical  composition,  containing  only  about  45  per 
cent,  of  silica..  A  mineral  also  called  nacrite  firom  the  mica-slate  of  the  Alps,  in  which 
Vauquelin  found  50  per  cent  silica,  26  alumina*  5  ferric  oxide,  1'6  lime  and  17*6 
potash,  appears  to  have  been  a  mica. 

VAOTACUnra.  FoUaUd  TOlwnum,  Black  TeUuHwm,  Tellurium-fflanee,  BtOHer^ 
itUur,  Bldtterere. — ^Native  tellnride  of  lead  and  gold,  occniring  sometimes  in  dimetrie 
crystals,  oF  .  2  JPoo  .  F,  in  which  the  length  of  Uie  principal  axis  is  1'29B ;  deavage 
basal;  more  frequently  however  in  lamellar  masses;  sometimes  granular.  Hardness 
»  1 — I'fi.  Spedfio  gravity,  6'85 — 7'2.  Opaque,  with  metallic  lustre  and  blackish 
lead-grey  colour ;  strrak  the  same.  Thin  Isjnins  veir  flexible.  When  heated  in  a 
tube,  it  gives  off  sulphurous  anhydride,  and  yields  a  white  sublimate  consisting  chiefly 
of  tellnroaa  anhydride.  Halts  easily  before  the  blowpipe,  burning  with  a  blue  flame, 
and  forming  on  the  charcoal  a  yellow  deposit  which  cusappears  in  the  inner  flame,  and 
flnally  leaving  a  button  of  malleable  gold. 

Kagyagite  contains,  according  to  the  most  recent  analvsis  fay  SehSnIein  (Ann.  Ch. 
Fharm.  Ixzxvi.  201),  9'70  per  cent  sulphur,  30*09  telfnrinm,  50*95  lead,  9-10  gold, 
0*53  silver,  and  0*99  copper,  agreeing  with  the  formula  (Fpb ;  Au*)XTe ;  S).  Spedmoos 
analysed  by  Berthier  and  Folbert  {Hammeltber^t  Mnm^dckemU^  p.  57)  wen 
found  to  contain  antimonv(3*77 — 4*56  per  cent.). 

Nagyagite  occurs  in  vems  at  Kagyag  and  Offenbanya  in  Transylvania,  associated  at 
the  former  place  with  sylvanite,  silicate  of  manganese^  blende  and  gold,  and  at  tha 
latter  with  antimony  ores.  It  is  also  said  to  occur  abundantly  at  Whitehall,  near 
Fredericksburgh  in  Viiginia.     {Kenngotfs  Ueberticktj  1850-51,  p.  143.) 

SAJroazo  AOD.  Braconnot's  name  for  the  add  which  he  found  xn  tha 
wash-liquor  of  the  preparation  of  wheat-starch,  &c.,  sftarwaids  shown  to  be  lactic  acid 
(iii.  453). 

StAVKTSA.  A  term  applied  by  the  older  chemical  writers  to  a  variety  of 
vt^tile,  mobile,  strong  smelliiig,  inflammable  liquids,  chiefly  belonnng  to  the  class  of 
•then;  thus  the  sulphate,  nitrate  and  acetate  of  .ethyl  were  called  Naphtha  vitriolic  JV. 
mtri,  if.  aeetif  &c  Subsequently  it  was  restricted  to  the  liquid  hvdrocarbons,  which 
issue  from  the  earth  in  certain  localities,  and  Appear  to  be  produced  by  the  action 
of  a  moderate  heat  on  coals  or  bitumens.  More  recently  it  has  been  again  extended 
so  as  to  indude  most  of  the  inflammable  liquids  produced  by  the  dry  distillation  of 
organic  sabstances.     The  liquids  thus  designated  are : — 

1.  BofflMad  or  Jtathgata  Wapbttia,  also  called  PKotogmva^  Paraffin  oi7.— This 
liquid  was  originally  obtained  by  distilling  the  Torbane  hiH  mineral  or  Boffhead 
ooid  at  as  low  a  temperature  as  possible ;  but  it  is  now  known  that  uiy  canne!  ooal 
or  even  bitominoas  shale,  if  subjected  to  similar  treatment,  will  yidd  the  samt 
products. 
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The  Grad«  distiUate  is  a  mixtore  of  Beveral  liquid  hydibcarbons,  together  vith  add 
and  basic  compounda.  When  purified  by  redistillation  and  subsequent  treatment 
vith  sulphuric  add  and  caustic  soda,  it  yields  an  oil  consisting  of  a  mixture  of  varioua 
fluid  hydrocarbons  holding  paraffin  in  solution.  By  distillation  with  water,  it  is 
separated  into  a  volatile  liquid  {a)  lighter  than  water  and  containing  little  or  no  par- 
affin, and  a  less  volatile  liquid  which  contains  paraffin,  and  after  fiirtEer  purification  by 
successive  treatment  with  oil  of  vitriol  and  chalk,  is  well  adapted  for  lubricating 
machinery.  When  heated  to  between  - 1°  and  +  4-6°  C.  (30°  and  40°  F.),  it  deposiu 
a  portion  of  the  paraffin,  the  remaining  liquid  being  a  satuimted  solution  of  paraffin 
in  the  fluid  hydrocarbons. 

The  volatile  oil  (a)  is  a  mizturs  of  a  great  number  of  hydrocarbons,  belonging  to 
three  different  series,  viz.,  the  olefinea,  O]^ ;  the  benzene  serieSi  C"H*"~* ;  and  the  marsh- 
gas  series  or  alcoholic  hydrides,  OW**\  To  separate  these  bodies  it  is  necessary  first 
to  subject  the  liquid  to  a  long  series  of  fraction^  distillations,  whereby  it  is  resolved 
into  portions  boiling  at  intervals  of  10°  and  then  to  treat  each  fraction,  first  with  bro- 
mine to  remove  the  olefinea,  and  then  with  strong  nitric  add  which  removes  benzene 
and  itshomoloffues.  The  hydrocarbons  remaining  after  these  successive  treatments  con- 
sist of  the  alcoholic  hydrides,  OH**'*''.  The  following  have  been  separated : — hydride 
of  hexyl,  C*H'*,  boiling  at  68°;  hydrideofoctyl,  OH",  boiling  at  119°;  hydride 
of  decatyl,  C'H",  boiling  at  169°;  and  hydride  of  dodecatyl,  boiling  at  202°. 

Bone  Vaphtlu^  Bone  oil^  Dippets  animal  oU^  already  described  (i.  62fi\  consists 
chiefly  of  a  mixture  of  hydrocarbons  which  have  not  yet  been  investigated  with  certain 
volatile  bases,  viz.  ammonia,  pyrrhol  (CH*N),  and  bases  of  the  senea  C*H'"'^'N  and 
OH^'-'N,  homologous  with  ethylamine  and  pyridine  respectively,  together  with  smaller 
quantities  of  adds. 

3.  Oaontebono  Vaplitlia  or  Caoutchouein  (i.  736^  is  for  the  most  part  a 
mixture  of  polymeric  hydrocarbons,  chiefly  caoutchin  and  isoprene. 

4.  Goal  MmplktbM  is  obtained  by  the  distillation  of  ooal-tar  (see  i.  1038).  The 
'*  li|^t  oil"  after  separation  from  the  heavier  "creosote  oil,"  or  "dead  oil,"  is  rectified, 
whereby  a  further  portion  of  hea^  oil  is  sepsrated  and  crude  CO  a  1-n  aph  t  h  a  is  obt  ained. 
This  is  agitated  with  sulphuric  add  to  free  it  from  organic  bases,  and  the  supernatant 
liquid,  after  Anther  rectification,  yields  the  **  highly  rectified  naphtha  **  or  "  benzole  "  of 
commerce,  which  is  chiefly  a  mixture  of  five  oily  hydrocarbons  of  the  benzene  series, 
Tis.  bensene,  CB*,  boiling  at  80-4°;  toluene  C'H»  at  114<»;  xylene,  C'H'"  a 
126<»;  cumene,  (?H",  at  144° ;  and  cymene,  C'»H»  at  177-6.°  The  liquid  hydro- 
carbons  of  ooal-naphtha  boiling  at  higher  temperatures  have  not  been  much  studied. 
OrdinazT  coal-ni^htha  likewise  contains  traces  of  olefines. 

The  oasio  constituents  of  crude  ooal-naphtha,  which  are  removed  by  agitating  the 
liquid  with  sulphuric  add,  may  be  obtained  in  the  free  state  by  distilling  the  add 
liquid  with  excess  of  alkali,  and  separated  from  one  another,  partly  by  fractional  dis- 
tillation, porblr  by  ftactionsl  ci^staUisation  of  their  platinum-salts.  These  bases  belong 
to  two  senes,  the  one  series  consisting  of  pyridine  ana  its  homologues,  represented  by  the 
general  formula  C^H**— "N,  viz.  pyridine,  C*H*N;  picoline  and  its  isomer,  ani- 
line, C^'N;  lutidine,  C'H'N;  and  collidine,  (?H"N;  while  the  other  series  of 
ba8ea,OH^*"y,  is  isomeric  with  cbinoline.  C*H'N,  and  its  homologues,  viz.  leuco- 
line,C*H»N;iridoline,C»«H^;andcry]5tidine,C"H"N(seeIjnjcx)i.nfB,iii.683), 

The  alcohol-bases,  OH^^I?  (methylamine  and  its  homologues),  which  occur  in 
bone-oil,  appear  to  be  altogether  absent  from  coal-ni^htha. 

Coal-tar  also  contains  luge  quantities  of  naphthalene,  C'*H"  (p.  4). 

The  **  dead  oil "  or  less  volatile  portion  of  coal-tar  contains  a  considerable  quantity 
of  phenol,  phenylic  alcohol,  phenic  acid,  carbolic  add,  or  coal-tar  creosote,  CH*0, 
together  witn  several  hydrocarbons  of  high  boiling  point,  and  existing  at  ordinary  tem- 
peratures as  czystalline  solids ;  these  have  been  but  imperfectly  examined.  The  last 
portions  of  liquid  which  pass  over  in  the  distillation  of  coal-tar  contain  two  of  these 
solid  hydrocarbons,  viz.  chr^sene,  C^*,  andpyrene,  C'*H",  the  former  being 
insoluble,  the  latter  soluble  in  ether  (see  Chatsxkb,  i.  958).  The  Ust  semifiuid 
portions  of  the  tar  also  contain  anthracene  or  paranaphthalene,  C'^H'",  which 
separates  out  in  the  solid  state,  when  the  semifluid  oil  is  exposed  to  a  low  tempeiature 

(see  PAaAKAPHTHALUNE). 

5.  Bttneral  or  Vatlwe  Vaptatluu  PetroUum,  SocJk-oil,  8tdnol.^Thia  is  an 
infiammable  liquid  of  a  more  or  less  tarry  consistence,  which  issues  from  the  earth  in 
various  localities,  occurring  in  large  quantities  in  Persia,  at  Rangoon  in  the  kin^om 
of  Burmab,  in  Canada,  and  other  parts  of  North  America,  and  is  generally  associated 
with  solid  bitumen  or  asphalt,  as  m  the  great  pitch-lake  of  Trinidad  (i.  426).  These 
naphthas  consist  almost  wholly  of  mixtures  of  hydrocarbons ;  the  older  analyse  made  of 
them  are  of  Little  value,  because  the  proximate  constituents  were  not  separated  with 
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voiBcsent  cue ;  rseentl^,  however,  the  Amerioan  petrolenm  luu  beiMi  made  the  subject 
of  an  elaborate  inveatigation  by  Pelouse  and  Gahonra(Aiiii.  Ch.  Pharm.  crdT. 
389 ;  cxzriL  196 ;  cxxix.  87X  who  hare  ebown  that  it  ia  made  up  almost  entirely  of 
the  series  of  alcoholic  hydrides,  OH^**,  from  hydride  of  tetzyl,  C*H",  upwards,  the 
^eater  portion  however  consisting  of  hydride  of  hezyl,  CH'*  (see  Htduidbs,  iiL  181). 
Hence,  and  from  the  composition  of  Boghead  and  cannel  coal-naphtha,  it  would  appear 
that  these  bydridea,  homofogoas  with  marsh-gas,  constitute  the  chief  products  of  the  d<^ 
composition  of  coal  and  bituminous  substances  at  comparatively  low  temperatures  (see 
Pvtvolbttm). 

Burmese  naphtha  or  Banooon  tar  is  obtained  b^  sinkiDg  wells  about  60  feet  deep  in 
the  soil,  the  liquid  graduaUy  oozing  out  and  being  removed  as  soon  as  a  sufflcient 
quantity  has  accumoUted.  There  are  about  ftre  hundred  of  these  naphtha  wells,  yieldins 
annually  about  412,000  hogsheads.  This  naphtha  contains  about  11  per  cent  of  soUd 
paraffin.  De  la  Bue  and  MuUer  (Froc.  Boy.  Soc  viiL  221^  by  distilling  the  crude 
naphtha  in  an  atmosphere  of  steam,  superheated  for  the  higher  tampentuies,  haw 
retttdved  it  into  the  following  portions : 

Below  100°  C Free  from  paraffin        .        •        •    11 

110°  to  145° A  little  paraffin  .        ...     10 

1460  to  melting  point  of  lead.        .  jC<mt«nmg  paraffin  but  stiU  fluid  j     ^o 

Ataboutthemeltingpointoflead.js-^-^^^  31 

Beyond  melting  point  of  lead  •        .    Quantity  of  paraffin  diminishea    .    21 
lAst  distilled Fitchy  mattera     ....      8 

BeridueinstiU      ....  j^^^^^^"^.*  "*f'  "^^j       4 

100 

The  proportion  of  hTdrocatbous  removable  from  the  rarioas  distillates  br  strong  snt 
phurie  acia,  nitric  acid,  or  a  mixture  of  both  adds,  ia  in  most  cases  sm&U,  increaaing 
generally  however  with  the  boiling  point  of  the  liquid,  and  varyit«  from  one-tenth  to 
nearly  a  tbird  of  the  compoimd  hydrocarbon ;  hence  it  ia  probabk  that  this  naphtha 
Likewise  consists,  for  the  moat  part,  of  homologuee  of  marsh-gas.  The  hydroearbons 
removed  by  nitric  add  consist  of  benieoe,  toluene,  xylene,  and  cumene. 

6.  SteOeVapbOuu  S&oZso^— The  naphthas  obtained  by  the  dry  distillation  of  the 
various  bitnminona  ahalee  or  schists  present  great  diversity  of  composition,  and  but 
few  of  them  have  hitherto  been  submitted  to  eareftil  examination.  The  bituminous 
shale  of  Dorsetshire,  the  naphtha  fromw^ich  has  been  examined  by  C  Or.  Williams 
(Chem.  Soc  Qu.  J.  vii.  07),  contains  much  nitrogni  and  sulphur,  arisbg  to  a  great  tat* 
tent  from  the  presence  of  a  large  quantity  of  semi-fossilised  animal  remains.  Hence 
the  erode  naphtha  is  intolerably  fstid.  It  laaj^  be  sweetened  and  freed  from  its  bssio 
and  add  constituents  by  repeated  treatment  with  sulphuRc  add  and  caustic  sods,  and 
■  then  contains  neariy  the  same  constituents  as  Bo^^eaa  naphtha,  tix.  bensene  and  ita 
homologues,  various  <^eflnes,  and  small  quantities  of  the  homologues  of  marsh-gaa 
The  basic  constituents  removed  by  sulphuric  add  consist  of  pyridine^  and  its  homo- 
logues ;  the  acid  portion  is  chiefly  phenic  or  carbolic  acid 

The  French  shale  oils  have  been  examined  by  Laurent  and  St.  Evre,  but  without  asv 
Teiy  satiafoctory  results.  lAurent's  analyses  have  been  quoted  by  Oerhardt  {TVaiU, 
IT.  423),  to  show  that  the  hydrocarbons  approach  in  composition  to  the  formulk  nCH" 
(cale.  86*7  per  cent  carbon  ;  anal  85*6 — 86*2  pc^  cent). 

Laurent,  by  sulgecting  the  portion  of  shale  oil  boiling  between  80°  and  16(P  to  the 
action  of  boiHng  coneentrated  nitric  add,  obtained  an  add  which  he  called  ampelie 
acid  (i.  201),  having  the  eompodtion  of  salicylic  add,  C^HK)*,  and  probably  formed  by 
the  c^dation  of  one  of  the  homologues  oi  benzene. 

The  various  bitumens  and  asphalts,  of  which  immense  deposits  exist  in  many  oonn- 
tries,  yield  by  distillation  oils  or  naphthas  of  similar  nature  to  shale  oiL 

The  shale  oil  prepared  at  BeutUng  from  "  Fosidonienschiefer,"  yields  by  distillatioB 
&  small  quantity  of  tar  not  exceeding  3*5  per  cent  The  hydrocarbons  obtained  from  it 
are  said  to  have  a  eompodtion  represented  by  the  formula  OH'*™*,  the  greater  portion, 
which  boils  between  160^  and  W^,  being  C^".  (Harbordt,  Ann.  Ch.  Pharm. 
cxxiT.  14.) 

For  further  details  reepecting  the  preparation,  properties,  and  oomposition  of  the 
several  naphthas  above  mentioned,  see  the  series  of  excellent  artides  on  Naphthas  by 
C.  Qtr.  Williams  in  Uie  new  edition  of  Ur^t  DUtionarjf  of  Art$^  Man^fadurta  and 
Mines,  iil  220-233. 

B  2 


A  Babstanee  derived  from  miDeral  naphtha;  it  ia  black,  with  a 
weak  greaqr  lustre ;  copper-brown  in  fracture ;  doeii  not  chuige  in  the  light,  melts  at 
the  lame  temperature  a«  wax,  and  burns  with  a  clear  flame.    (Dan  a,  ii  470.) 

WMMMT Mhlah WBDIMm    S/n.  with  pHTHAiAmnB. 

WAnTKA&ABB.  C^WOJ.  (Laurent,  Ann.  Ch.  Phys.  [2]  Ux!  326.)— To 
prepare  this  compound,  nitro-naphthalnne  is  heated  with  great  care  with  8  or  10 
times  its  weight  of  hjdrate  of  barium,  the  retort  being  filled  up  to  the  neck.  Ammonia, 
naphthalene,  and  an  oil  then  pass  over,  while  a  thicker  oil  condenses  in  the  neck  of  the 
retort,  and  isolidifies  on  cooling.  In  order  to  obtain  the  naphthalase,  the  neck  of  the 
retort  is  to  be  cut  off  near  the  bulb,  and  washed  with  ether,  bj  which  means  the  oily 
impurities  and  any  naphthalene  present  are  removed. 

Naphthalase  is  a  yellow  substance  which  sublimes  without  frising  at  250^.  At  a 
still  higher  temperature  it  melts  and  boils,  giving  off  a  yellow  vapour  which  condensea 
in  snuul  spangles,  which  are  deposited  in  long  y^ow  needles.  It  is  insoluble  in  alcohol, 
almost  insoluble  in  ether,  soluble  in  water.  Its  most  charactezistTc  property  is  its 
power  of  colouring  sulphuric  add  a  beautiful  violet  tint.  The  smallest  quantity  gives 
the  reaction,  uid  the  colour  ia  not  destroyed  in  hermetically  dosed  tabes,  even  after 
the  IsMe  of  two  years. 

Kamithalase  does  not  appear  to  be  destroved  by  nitric  acid,  inasmuch  as  after  being 
heated  with  that  add,  it  still  dissolves  in  sulphuric  add  with  a  blue  colour.  Chlorine 
does  not  remove  from  it  its  power  of  colouring  oil  of  vitrioL 

No  snooess  hoa  attended  the  various  efforts  which  have  been  made  to  isolate  the 
eoloured  subatance  which  ni^hthalaae  forma  with  sulphuric  add,  with  a  view  to  in- 
dustrial paiposes.  C.  G-.  W. 

WAMITBA&Bn.  Syn.  Naphthaline^  NaphthaUn,  C**H*.  (Garden,  Thom- 
son's Annals  of  Philosophy,  xT.  74;  Faraday,  FhiL  Trans.  1826;  Keichenbach, 
Schw.  J.  Ixi  176;  Ixviii.  233;  Dumas,  Ann.  Ch.  Phys.  1.  182;  Dumas  and  Stas, 
»6fVf.  Ixxxvi.  40.  Laurent,  ibid.  Ixix.  214;  B^vue  Scienti£  vi.  76.  Products  of  its 
oxidation:  R^vue  Sdentif.  xiv.  660.  Chlorinated  and  hrominated  derivatives:  Ann. 
Ch.  Phva.  xlix.  218  ;  lii.  276 ;  B6vae  Sdentif.  xi.  361 ;  xii  193 ;  xiii.  66, 679 ;  xiv.  74, 
813.  ffiMe  derivatives:  Ann.  Ch.  Phys.  lix.  376;  R^vue  Sdentif.  xiii.  67.  Stdphu" 
ric  acid  derivatives:  B^vue  Sdentifl  xiii.  687.)  For  an  extended  list  of  memoirs  ou 
naphthalene,  see  Gmelin*s  Handbook,  xiT.  1. 

Sistorv. — Ki^hthalene  appears  to  have  been  first  noticed  pubUdy  by  Garden,  who 
extracted  it  from  the  crude  distillate  from  coaL  It  was  also  observed  by  Reich  en  bach 
during  his  researches  on  destructive  distillation.  It  was  firat  analysed  by  Faraday, 
who  not  only  determined  its  oompodtion  aocuratdy,  but  also  arrived  at  its  true  atomic 
weight  The  most  laborious  researches  upon  naphthalene  were  made  by  Laurent, 
who  was  more  or  less  engaged  in  studying  ifc  for  nearly  twenty  years.  Some  of  the 
earliest  and  most  dedded  instances  of  sulwtitution  of  chlorine,  &c.,  for  hydrogen  were 
discovered  in  the  ooutae  of  his  studies  of  this  hydrocarbon. 

Formation, — Generally  produced  when  organic  bodies  are  distilled  per  se  at  very 
high  temperatures.  1.  By  distilling  coal,  when  coal-tar  is  distilled,  the  naphthalene 
which  it  contains  is  found  to  accompany  the  liquids  which  come  over  at  almost  all  the 
temperatures  observed.  It  is,  however,  more  abundant  in  the  portions  distilling  about 
216°.  Even  the  cymene  distilling  st  about  178°  is  often  so  contamiuatcd  with 
naphthalene  as  to  be  isolated  only  with  the  greatest  difficulty  and  great  losu. 
N^hthalene  is  often  retained  in  a  fluid  condition  in  a  remarkable  manner  by  the 
sulwtances  which  accompany  it  in  the  crude  coal  oil.  It  not  unfrequently  happens 
that  a  liquid  which  has  remained  fluid  for  months,  even  in  cold  weather,  may  by 
repeated  treatment  with  sulphuric  acid,  followed  by  refrigeration,  be  almost  entirely 
converted  into  solid  naphthalene.  It  is  also  found  in  the  tar  of  shales  and  analogous 
substances  accompanying  paraffin. — 2.  Alcohol  and  ether  vapour,  and  even  olefiaat 
sas  and  acetic  add  vapour,  yield  more  or  less  naphthalene  when  passed  through  red- 
Eot  tubes. 

3.  Petrdenm  and  most  essential  oils  passed  through  red-hot  tubes  also  afford  it 
(Sanssure,  Berthelot). — 4.  Camphor  vapour  passed  over  red-hot  quioklime,  yields 
naphthalene  (Fr^my).  From  the  above  considerations  it  is  not  remarkable  that 
naphthalene  should  be  found  in  soot  and  lamp-black.  Dumas  at  one  time  asserted. 
that  ni^hthalene  exists  ready  formed  in  coal;  this,  however,  has  been  denied  by 
Bsichenbaeh.  Since,  howerer,. it  is  certain  that  paraffin  exists  ready  formed  in 
Boghead  coal  and  certain  cannels,  it  is  to  be  desired  that  this  question  should  be 
determined  more  carefully. — 4,  Sulphide  of  carbon  vapour  mixed  with  sulphuretted 
hydrogen,  or  a  mixtoie  of  these  two  with  carbonic  anhydride,  when  passed  over 
spongy  eo^^wr  or  iron  at  a  dull  red-heat,  yields  naphthalene  and  other  products 
(Berthelot).     Some  chemical  substances  containing  no  hydrogen,  such  as  the  proto- 
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diiloridfi  of  carbon^  CCl*,  vheb  passed  together  with  hydrogen  through  a  red-hot  tube 
yield  naphthalene.     (Berthelot.) 

Preparo/ton.— The  quantities  of  naphthalene  which  are  obtained  as  bye-prodocta  ia 
the  preparation  of  coal-naphtha  are  so  large,  that  even  if  a  oae  for  it  were  diecoT^red^ 
it  would  scarcely  be  necessary  to  take  spedal  measures  for  its  extraction.  It  ia  oftcA 
fouud  in  quantities  (amounting  in  some  cases  to  tons)  in  the  tanks  in  which  pitch><Ml 
(heavy  coal-oil)  is  stored.  Coal-tar  from  which  the  lighted  oils  hare  been  remuved  by 
a  preUminaiy  distillation  is  distilled  in  large  iron  stills.  The  distillate  is  received  ia 
puncheons,  and  the  process  is  carried  on  until  the  liquid  is  heavier  than  water.  Th« 
first  200  gallons  from  a  charge  of  7000,  contain  bat  little  naphthalene ;  all  the  rest  of 
the  distillate  abounds  in  it.  To  extract  the  naphthalene,  small  qnantities  of  sulphnrw 
acid  may  be  shaken  with  the  oil,  and  then  after  settling  for  a  short  time,  may  be  nm 
oSi  The  snpematant  oil  on  coling  to  0°  depoatts  large  quantities  of  the  naphthalem. 
On  repeating  tlie  process  more  and  more  will  be  obtained,  until,  in  many  instanoei^ 
almost  the  whole  will  become  solid.  Previous  to  cooling  it  is  sometimes  advisable  t* 
distil  the  oil  after  the  treatment  with  acid  and  removal  uf  the  tany  deposit  I>aiii||| 
the  distillation  large  quantities  of  sulphurous  acid  are  given  oS.  Where  a  difficult  ia 
found  in  getting  the  naphthalene  to  deposit,  a  treatment  with  a  little  bleaemng 
powder,  after  the  acid,  uia  then  distilling  will  gennrally  effect  the  separation. 

Puri/icaHon.-^The  crude  greasy  naphthalene  obtained  as  above  may  be  drained  oa 
cloth  strainers  tmtil  most  of  the  oil  is  removed.  The  remainder  may  then  be  got  rid 
of  by  pressure  in  strong  ba^.  Exposure  to  the  air  for  a  long  time  greatly  improves 
the  prodact^  The  roughly  purified  substance  may  then  be  redistilled,  the  receiver 
being  changed  when  the  product  oomea  over  colourless.  To  obtain  it  in  large  crystals 
it  may  be  melted  in  basins  on  the  sand-bath.  Covers  ttf  paper  should  be  pasted  over, 
and  care  should  be  taken  that  the  basins  are  not  more  than  half  ML  When  tha 
contents  are  melted  and  beginning  to  sublime,  the  whole  may  be  allowed  to  cooL 
When  quite  cold  a  large  quantity  of  colourless  crystals  will  be  found  between  the  eaka 
of  naphthalene  and  ue  paper  cover.  The^  may  be  removed  with  a  feather.  Tha 
residue  may  be  pressed  to  extract  oily  impurities,  and  the  process  can  be  repeated  until 
almoHt  the  whole  has  been  converted  into  OTstals  (Otto).  The  methoos  of  puriA> 
cation  given  can  be  employed  on  any  scale,  from  the  largest  to  the  smallest,  without 
fear  of  fiulure ;  it  vrill  be  unneceesary  therefore  to  describe  other  methods. 

Properties, — ^Naphthalene  when  pure  consists  of  brilliant  white  scaly  crjrat&Is,  very 
friable,  strongly  and  unpleasantly  odorous,  and  having  a  densi^  of  I'ldS  at  18^,  and 
of  0*9778  in  a  melt«d  state  of  79*2*^.  Aa  obtained  by  sublimation,  the  eryvtals  are 
generally  rhombic  tables  of  1*22^  and  78°,  thehexasonal  form  arising  from  txoncation 
of  the  acute  angles.  According  to  Laurent,  ni^htnalene  may  be  obtained  in  mono- 
clinic  prisms,  by  spontaneous  evaporation  from  a  solution  in  ether.  According  to 
C  h  a  m  b  e  r  I  a  i  n,  it  ciystalUses  from  turpentine  in  prisms  having  pyramidal  terminatiODa. 
It  melts  at  79'2°(H.  KoppX  and  boils,  according  to  the  last  observer,  at  218°,  the  baro- 
meter standing  at  780  mm.  It  sublimes  even  at  low  temperatures ;  distils  readiVf 
along  with  fluid  hydrocarbons,  and  even  alone  with  the  mpour  of  water.  On  water  it 
rotates  somewhat  like  camphor.  Its  vapour-density  is  4'628  according  to  Du  mas,  baft 
as  determined  by  Natanson  (in  an  apparatus  enabling  the  volume  of  vapour  to  ba 
measured  in  a  manner  anal(^us  to  G-ay-Lussac's  method),  the  value  4*46  was 
obtained.  Theory  for  two  volumes,  require  4*43.  It  is  insoluble  in  cold,  and  almost 
insoluble  in  boiling  toater  ;  dissolves  readily  in  alcohol^  ether,  fatty  and  eeeeniiai  oih 
and  most  oils  obtained  by  destructive  distillation,  whether  hydrocarbons  or  oxidised 
bodies.  It  also  diraolves  in  acetic  and  oxalic  acids.  Its  solution  in  turpentine  is  ao- 
oompanied  by  a  fall  in  temperature. 

Decompoeitiona, — 1.  Naphthalene  bums  with  a  dense  smoky  flame.  (Th»  condensed 
soot  of  naphthalene  forms  one  of  the  varieties  of  commercial  lamp-black.)  Wben  it  14 
passed  over  red-hot  lime  or  baryta,  carbonate  of  calcium  or  barium  isformed  and  hydro- 
gen is  given  off. — 2.  By  chlorine.  Chlorine  acts  with  energy  on  naphthalene,  heat 
being  evolved  and  hydrochloric  acid  formed.  The  mass  at  first  melts,  but  on  eontinuing 
the  stream  of  gas  it  gradually  solidifies  again.  At  this  stage,  the  principal  products  of 
the  reaction  are  hydrochlorate  of  chloronaphthalene,  C"H'Cl.HCa  (Gernardt's  chlo- 
ride of  naphthalene),  and  dihydrochlorate  of  dichloronaphthalene,  0'*H*C1^2HCL 
The  continued  action  of  chlorine  causes  the  substitution  to  go  still  further.  The  substi- 
tution of  chlorine  for  the  hydrogen  of  naphthalene  may  be  continned  until  the  wboU 
its  replaced,  and  the  compound  C>*C1'  is  reached.  The  hydrochloric  acid  produced  by 
anion  of  the  hydrt^en  of  the  naphthalene  with  the  chlorine  is  not  given  ofi*,  but  remains 
in  combination  with  the  chlorinated  derived  radicle;  it  may,  however,  bo  removed  by 
treatment  with  alkalis  or  by  the  action  of  b^at ;  the  chlorine  which  replaces  the  hydro 
gen,  on  the  other  hand,  is  unaffected  by  heat  or  alkalis. 


Lanrent*BTC8nlts  asnune  a  complieatod  appearance,  owisg  to  the  cirenmBtance  that 
substitaticm-prodiicta  of  the  same  formula  maj  be  obtained  in  aereral  different  ways, 
and  any  difference  in  the  mode  of  preparation  eanees  the  resulting  bodies,  in  the 
myority  of  uutaneee,  to  Tarr  in  melting  point,  eryetalline  fcmn,  hardness  or  other 
characters;  they  have  been  described  by  him  as  isomeric  modifications,  and  indivi- 
dnalised  by  characteristic  letters.  In  some  of  the  cases  cited  by  Laurent,  there  is 
little  doubt  that  the  Tariadbns  in  properties  were  due  to  the  different  specimens  not 
being  in  an  equally  high  state  of  punty,  but  this  vill  certainly  not  account  for  all  the 
observed  differences. 

8.  By  brifmine.  Bromine  acts  upon  naphthalene,  forming  numerous  compounds  ac- 
•ording  to  the  manner  in  which  the  ingi«dients  are  allowed  to  react  on  each  other. 
The  reaction  between  the  two  substances  is  enerptie,  hydrobromic  add  being  liberated 
and  substitution  compounds  formed.  By  acting  with  bromine  upon  chlorinated  naphtha- 
lene, substances  may  be  obtained  having  the  same  composition  as  those  procnrable  by 
treating  brominated  naphthalene  with  cMorine.  According  to  Laurent,  some  of  these, 
■khon^i  having  the  same  etrstallinefonn,  differ  according  to  the  orderof  the  formation. 

4.  Jodinef  piotpkonu,  sulphur,  ekUride  of  carbon^  eyanoaent  and  k^droehioric  acid, 
■re  without  action  on  naphthalene.  An  attempt  to  form  the  iodide  ci  a  more  h3rdn>> 
genated  hydrocarbon,  by  acting  with  fuming  hydriodic  acid  on  naphthalene,  gave  no 
Ksolt,  although  the  acid  had  a  density  of  1*9  and  was  heated  with  the  naphthalene  in 
a  sealed  tube  to  100**  C.  (Possibly  at  a  higher  temperature  the  experiment  might  be 
more  successful.) 

6.  Nitric  ood  acts  upon  naphthalena  If  moderately  strong  nitric  acid  be  added  to 
naphthalene  and  allowed  to  act  atordinaiy  temperatures,  nitro-naphthalene  is 
■lowly  ftmned.  The  nitro-naphthalene  so  produced  maybe  converted  into di -nitro- 
naphthalene  by  boiling  for  a  long  time  with  strong  nitric  add.  The  reaction  does 
not  take  place  very  readily,  but  a  mixture  of  nitric  add,  Kordhaosen  sulphuric  add  and 
nitro-ni^hthalene  yields  di-nitro-naphthalene  readily,  if  heated  to  bailing  in  an  apparatna 
allowing  the  vapours  to  become  condensed  and  flow  back. 

6.  An  oxidising  mixture  consisting  of  add  ehromaU  of  potaanum  with  sulphuric  or 
hfdrochlorie  aeids  appears  to  form  two  compounds  according  to  the  state  of  concentra- 
tion, the  tamperature,  or  other  drcumstances.  One  of  uese  substances  is  said  to 
have  the  fonnula  C*H'0*,  and  to  be  of  a  beautiful  rose  colour.  It  appears  to  have 
feeble  add  properties.  The  other  is  said  to  contain  C**11*0\  and  to  have  more  dedded 
■dd  characters.    The  subject  requires  re-examination. 

7.  ii/t^roitfaoMfandafftuMYj^bothap^Aarto  yield  nitro-naphthalene  and  an  oily  body. 

8.  Sulphuria  acid  forms  several  ooiyugHted  adds  with  naphthalene ;  tiiey  will  be 
finmd  described  under  their  respective  headings. 

■  Aoooiding  to  Fritesche,  naphthalene  may  be  made  to  unite  with  picric  add  atom 
to  atom,  by  dissolving  the  two  substances  in  hot  alcohol  or  benzene,  and  cooling. 
.  The  limits  of  this  work  will  not  admit  of  an  extended  account  of  the  vast  number 
of  substances  obtained  by  Laurent  and  others  by  acting  upon  naphthalene  with  chlorine^ 
bromine,  nitric  add  and  sulphuric  add.  We  shall,  however,  endeavour  to  give,  as  con- 
cisely as  posdble,  a  brief  statement  of  the  nature  and  methods  of  production  of  the 
mote  important  derivatives.  For  a  full  account,  the  reader  is  referred  to  Oerhardt'a 
SVaiU,  ill.  p.  413,  et  aeq^  and  the  Cavendish  Sodety's  translation  of  Gmelin's  Handbook, 
jdv.  1,  tt  teq.  In  the  first-named  work  the  article  on  naphthalene  occupies  61,  and 
in  the  second  92  pages. 

ChhrinC'dfriwtHvea. 

The  table  on  p.  7  contuns  a  list  of  the  prindpal  chlorides  and  bromides  of  naphtha- 
IsDe.  They  are  decomposed  by  heat  and  also  by  alcoholic  potash,  hydrochloric  or  hy- 
dbobromio  add  being  removed,  and  chlorinated  or  brominated  naphthalene  produced. 
*Dm  names  as  given  by  Omelin  generally  accord  with  Laurent's  esrlier  views. 

The  following  table  contains  a  list  of  the  prindpal  substitution-pToducts  derived 
ftvuB  nsphthalene  bv  the  substitution  of  chlorine  or  bromine  or  both  for  the  hydrogen 
of  naphthalene.  Ther  are  for  the  most  part  produced  by  treating  the  sabstances 
gifan  in  the  table  of  chlorides  and  bromides  with  alcoholic  potash. 

ChlorO'  and  JBromo-naphthaUnet, 


'\ 


Chloronaphthalene  .  .  C>*H'C1 

Bromonaphthalene  .  .  G**H'Br 

Pichloronaphthalene  .  .  C**H«C1' 

Dibromonaphthalene  .  .  C^H'Br' 

Tnchloronaphthalene  .  .  C>*H*CI* 

Tribromonaphthalene  .  .  C'»H»Br* 

Bromodichloronaphthalene  .  C'*H"BrCl^ 


Tetrachloronaphthalene        .  C**H*Ca* 
Bromotrichloronaphthalene  .  C>*H*BrCl' 
Dibromodichloronaphthalene  C**H*Br'CP 
Tetrabromonaphthalene        .  C»H<Br* 
Dibromotrichloron^hthalene  C^'H^Br-'Cl* 
Kexchloronaphthalene  .  C^'H^Gl* 

Perchloronaphthalene  .  C-»C1" 
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NAPHTHALENE. 


We  thaU  nmsider  briefl  j  th«  mode  of  prppanlion  of  eaeh  of  the  substances  enomflrmt^d 
in  the  abore  liftU. 

Dichiorid*  of  NapAlkalent,  Gerhnrdt'a  CWonrf«o/Aa;iA/AaZrti*,  C'*H«Cl*. — 
Thia.  the  first  pruduct  of  Oue  action  of  cbloane  on  napbtiialene,  may  be  prrpAJwl 
bjT  pawing  chlorine  orer  nsphthaleine  until  th«  product  oms  pcserd  through  an  oiljr 
stage  and  bceioa  to  become  gianolar.  The  operation  most  not  be  carried  to  &r  aa  to 
ehloRoate  all  the  n^hthal«ne.  The  nixtore  ia  to  be  beatad  in  a  di«h  for  a  long  tinw 
lo  a  tamperature  between  60°  and  60°,  then  dinolTed  in  ether  and  eooled  to  — 10^,  and 
the  cthffrfal  aoiution  mixed  with  alcohol  and  oil  expoeed  to  the  air  until  iwo-fiftba  of 
the  odl  have  bean  deponitMl :  this  oil  containji  the  oily  chlondi*  of  n&plitlml^iie.  Tho 
third  fifth  may  aUo  be  collected  ;  it  ii  the  eolid  cbJoride,  C'il'Ci*,  in  a  Mute  of  puntv. 

Dichloride  of  n&pbthalr'ne  u  oily,  soluble  in  all  preportions  in  ether,  bat  letm  aow- 
Ue  in  alcohoL  On  dlMtiLlAtion  it  decoinpoeea  slowly,  giring  off  hydrochlorie  aeid, 
and  yielding  chloroQBphthAJ«<De,  C'*H'CL  With  alcoboUo  potaah  it  yields  the  last- 
named  tiabstanoe  and  chloride  of  potsasiain. 

DieMloridt  of  Bromonaj>k(kaltH4.  C^H'Br.Q*.  Laurenft  BuhcUond*  cf 
Bronaphlase,  Wfaon  chlorine  la  passed  into  crude  brumoniiphthiil<'iiP,  it  thickens  and 
deposits  a  ciystallioe  matter.  Etiier  ia  poured  on  the  product,  and  thf>  miztiir««  is  allowed 
to  remain  fur  24  hours.  The  oily  portion  is  to  be  decanted,  and  the  crystalline  powder 
washed  with  Hber  and  then  dieeolred  tn  a  large  quantity  of  boiling  ether.  By  sponfa- 
n«>oii8  eraponuion  the  chloride  of  bromonaptiulene  is  deposited  in  small  rhomboidal 
tables  resembling  those  of  dichloride  of  napnthalene.  The  mrstals  are  derirsd  fruui  as 
obliqu(«  prism  with  a  rhombic  base  (Oerhardt,  loe,  cit)..  Melts  at  105°. 

Dibromidt  of  TribromomapAtAaiine.  C"H'Br*.Br*.  Stthlfromidr  of  Brc»nai*K' 
tia€.  Produced,  together  with  dibromid<- of  dibtomonapthalene  whou  dibrumoimpUt  Uu- 
lene  is  treated  with  bruminc.  On  boiling  the  mixture  with  ether,  the  iJibromide 
of  tribromonaphthaleno  dilUKjIvpa,  and  on  apontoneoas  eraporation  is  deposited  as  a  floc- 
culent  powder  coDSiHting  of  white  microscopic  needles.  Itdeeompoees  on  distillation, 
giving  off  hTdrobromic  acid,  a  little  bromine,  and  a  erystalUne  matter  rexy  slightly 
soluble  in  ether. 

Tetrachloride  of  Uaphtkalent.  Oerbardt*s  SickUrride  of  naphthaient, 
C'*H*.CI*.  HydrochhraU  of  ckl0ronaphtait»e.—*ThiM  sabatanee  exist*  in  two  isomeric 
modifications. 

Mod^/icatum  o. — When  a  rapid  current  of  chlorine  ia  passed  orer  nnphthal^'ne 
in  rather  large  quantity  (sav  one  or  two  pounds)  the  naphthalene  faaea.  hydrochlono 
scid  is  diaengagedf  and,  if  the  current  be  sustained,  the  whole,  after  sonif*  tini*^ 
begins  to  thiclcpn  again.  The  mixture  nt  this  point  contains  oily  djchloride  of  naph 
thalene,  tetrachloride  of  naphthalene  a,  the  modification  0,  and  tetrachloride  of  chlom- 
naphthalene,  the  liut  two  in  small  qnantity.  ^her  is  to  be  pooxed  on  tlit^  mixture  to 
render  it  more  fluid.  After  repose  for  some  hours  the  oily  portion  ia  to  be  drcanted  and 
the  nmdne  thrown  on  a  filter.  After  being  well  drained  the  residue  is  diaeoWed 
inbensene  and  allowi^l  to  cool  rety  slowly.  The  tetmchlnride  soon  begins  tocxrstallias 
out-,  and  if  the  solution  be  tolerably  large  in  quantity  (hnlf  a  gallon  or  a  gallon)  fine 
rhombohedroua  will  be  deposited.  The  writer  baa  sometimes  obtained  them  nearly  s 
quarter  of  an  inch  on  the  side.  They  are  colourless,  trsnuparent  and  exactly  reMmblo 
calc-spar.     They  also  possess  powerfolly  the  property  of  double  refraction. 

This  modification  ox  tetrachloride  of  naphthalene  ia  inodorous,  insoluble  in  water, 
slightly  soluble  in  alcohol,  moderately  so  in  ether,  but  rery  soluble  in  benzene, 
rock-oU  and  analogous  Iiqnidfi.  It  melts  at  IfiO^and  solidifies  to  a  crystalline  mass  on 
cooling.  If  a  crystal  bo  added  to  the  partially  fused  chloride,  the  whole  will  solidify  at 
about  150**  in  rhombic  tableta.  On  tne  other  hand,  if  the  chloride  be  perfetrtly  fo-ed 
and  allowed  to  cool  without  addition,  the  mass  sometimes  aolidifiM  at  160°  in  rbombir 
tables,  and  sometimes  bptwfen  100°  and  110°  in  eon(»ntric  needlea 

It  ia  decomposed  by  distillation,  giving  off  hydrochloric  add  and  an  oily  matter. 
Only  a  trace  of  carbon  (I  or  2  per  cent.),  remains  in  the  retort  The  dintillarf 
conriats  of  a  mixture  of  four  isomeric  forma  of  dichloronaph thalene.  Th««^  product* 
are  alwaya  accompanied  by  a  small  quantity  of  undccomposed  tetxachloridr  of  naphtha- 
lene Alcoholic  potash  conrerts  it  into  Uie  two  modifications  <  and  ad  of  dichloro- 
naph thalene. 

Modification  |S. — This  variety  of  tetrachloride  of  naphthalene  is  diEftinguisbed  from 
a  by  its  solubility  in  ether.  It  is  formed,  aa  already  obserred,  at  the  same  time 
as  the  modification  a  when  chlorine  is  passed  orer  ni^hthalene.  It  is  contain^ 
in  the  oily  portion  rendered  more  fluid  by  ether  which  has  been  directed  to  be  poured 
off  &om  the  solid  portion  which  consiata  chiefly  of  a.    The  liquid  containing  ether  is 
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to  be  cooled  to  0^  and  kept  at  that  temperatun  for  48  honrs ;  it  will  then  solidify  to  a 
mass  leflembling  frozen  olire  oiL  The  solid  portion  may  be  collected  on  linen  and 
freed  from  the  mother-liquid  by  preasnre.  The  solid  is  to  be  dissolved  in  ether  con- 
taining abont  one-tenth  of  alcohol  The  solntion  left  to  spontaneons  ef^K>nitum 
yields  a  crystalline  mass  containing  both  the  modifications.  The  mass  must  be  vdl 
pressed,  dusolved  in  boiling  alcoh(u,  and  rery  slowly  cooled.  The  first  czTStals  which 
ibrm  will  be  almost  pore  a,  the  rest  of  the  crops  will  be  sncceesiTely  richer  in  fi.  By 
repeated  cmtaUistttions  from  etiier  the  latter  may  be  obtained  pure.  Its  pnrity  may 
be  known  by  its  dissolving  rapidly  and  without  residue  in  ether. — It  is  colourlesi^ 
inodorous,  vezy  soluble  in  ether,  alcohol,  bensene,  and  similar  hydrocarbons.  It  ciystal- 
lisee  in  small  lamelhe  of  indeterminable  form  which  unite  into  globes  often  of  consi- 
derable diameter.  Submitted  to  distillation  it  dres  off  hydrochlorie  add,  an  oil,  and 
the  modiflcatioD  e  of  dichloronaphlhaleoe.  Boued  with  alooholio  potash  it  yields  on 
oil  and  the  modification  /  of  dicaloronaphthalene. 

Bromotrichloride  of  NapktJkaUne^  C^^.Ci'Bt. — ^To  (ffepore  this  substODee^ 
tetrachloride  of  n^^thslene  (modification  $)  is  treated  with  broznine  in  a  closed  flask  ftr 
48  hours;  the  mixture  washed  with  warm  alcohol  to  remove  ths  excess  of  bromine  and 
undecomposed  tetrachloride ;  and  the  crude  dichlorobromide  of  naphthalene  purified  by 
erystallisation  from  boiling  ether.  It  is  colourless,  more  soluble  in  ether  than  the  modifi- 
cation a  of  tetrachloride  of  naphthalene,  but  less  soluble  Uian  the  Toriety  0,  It  is  de- 
composed both  by  distillation  and  by  alcoholic  potash. 

Tetrachloride  of  Cktoronapktkalene,  Gerhardfc's  Bichloride  qf  chlorO' 
naphthalene,  Laurent's  Chloride  of  ehloronaphthaee.  C>«H'CLC1\— This  substance 
may  be  prepared  from  the  tetnchlOTide  of  naphthalene,  and  like  that  compound  exists 
in  two  dmerent  modifications,  one  being  solid  and  the  other  an  oil. 

SoUd  mod^ieation. — Acccuding  to  Gerhardt,  this  is  the  most  remarkable  of  all  Uie 
naphthalxc  chlorides  for  the  sixe  and  beauty  of  its  crystals.  It  may  be  prepared  by 
acting  with  chlorine  upon  tetrachloride  of  naphthalene,  bnt  the  process  is  very  difflcnH 
A  more  advantageous  plan  is  to  heat  the  crude  dichloride  with  chlorine  gas.  This  is  . 
the  fluid  portion  which  has  been  directed  to  be  rendered  more  liquid  by  c^er  in  order 
to  smrote  it  more  readily  from  the  solid  tetrachloride  of  naphthalene  in  the  prooe» 
for  the  prepantion  of  the  modification  a  of  that  substance  (p.  8).  The  ether  is  ex- 
pelled py  heat,  and  chlorine  passed  through  the  oil  for  two  or  three  days.  If  the  fluid 
Deoomes  too  thick  to  allow  of  the  passage  ^  the  gas,  it  must  be  gently  warmed.  A  little 
ether  is  then  added  to  render  the  whole  more  fluid,  and  it  is  left  at  rest  in  a  cool  place. 
A  crystoUine  deposit  is  then  formed  perfectly  resembling  the  modification  aof  tetrachlcK 
ride  of  naphthalene  (Gerhardt's  bichloride  of  naphthalene,  CP*H*.C1').  Theoily  por- 
tion is  removed  by  decantation,  and  the  deposit  thrown  on  a  filter  and  washed  with  a 
little  ether  to  remove  the  oily  portion  which  adheres  to  it.  The  solid  is  then  dissolved 
in  boiling  ether  and  put  aside  for  several  days  in  a  flask  with  a  wide  mouth  merely 
dosed  with  a  piece  of  paper.  The  crystals  which  form  are  sometimes  a  mixture  dt 
modification  a  of  tetrachloride  of  naphthalene  and  the  tetrachloride  of  chloionaphtho- 
lene.  The  crystals  of  the  latter  are  easy  to  recognise  by  their  size ;  they  must  be  picked 
out  with  forceps  and  redissolved  in  the  ethereal  mother-liquid.  They  may  be  rendered 
perfectly  pure  hj  one  or  two  recrystallisationa  from  ether. 

Propertiee. — Colourless,  transparent,  inodorous,  insoluUe  in  water,  little  solnble  in 
alcohd,  pretty  soluble  in  ether,  more  so  than  the  modification  a  of  tetrachloride  of 
naphthalene.  Melts  at  106°,  and  the  liquid  may  be  cooled  to  64°  without  solidifying ; 
it  then  slowly  assumes  the  form  of  nodules  formed  of  concentric  sones;  the  last  portions 
remain  visdd  until  they  £dl  to  the  ordinary  temperature.  But  if  after  heating  to  106^ 
or  110°  a  small  fragment  of  a  crystal  be  added,  the  liquid  czystaUiseB  rapidly  at  106°, 
farming  fine  oblioue  tables  with  a  rhombic  base. 

It  IS  entirely  aecomposed  bv  distillation,  hydrochlorie  acid  being  disengaged,  and 
the  two  modifications  a  and  a  of  terchloronaphthalene  formed. — Boiling  nitric  add 
converts  it  into  chlorosTuaphthalic,  phthalic,  and  oxalic  acids,  with  other  products. 

Liquid  modification. — This  compound  is  the  oily  substance  which  has  been  directed 
to  be  removed  by  decantation  from  the  solid  modification  above  described.  Distillation 
converts  it  almost  entirely  into  the  a  modificalion  of  trichlororoni^hthalene  mixed 
with  a  small  quantity  of  sn  oily  matter.— AlcohoUc  potash  produces  the  same  results. 

Tetrachloride  of  Dichloronaphthalene,  C"H*Ca*.Cl*.  Laurent's  Perekhro- 
naphthalese. — This  substance  exists  in  three  modificaUons^  e,  a,  and  x;  they  ore  pro- 
duced from  the  corresponding  modifications  of  dichloronaphthalene. 

Mod^ation  c.  To  prepare  this  substanro,  the  modification  o  of  dichloronaphtholdie 
is  kept  in  fusion  and  treated  with  chlorine ;  no  hrdrochloric  add  is  evolved.  The  pro- 
duct is  to  be  washed  with  ether,  dissolved  in  boiling  ether,  and  crystallised.  It.ia 
colourless,  inodorous,  nxA  very  soluble  in  ether,  and  less  so  in  alcohol ;  mdtss  at  141°* 
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TheciysUlB  obtained  by  flpoutanrouaeraponitiun  of  an  ctherwU  MhitloD  fonn  l/nll 
oblique  rhombic  prisms.  It  is  dfoomposrd  br  distillation,  yielding  hydnxrhlonc  »Hil 
and  the  b  modiflcation  of  («tracklorooaphthaIcQQ  mixfrd  with  a  small  purtioa  of  tb'  « 
nodification  of  the  same  sabstaacs.     Aicobulic  potash  gives  rinr  (o  the  k  modiflcatioib 

MipdijicatioH  a.  An  oily  liqoid  obtained  by  tivatiDg  difhloronapbthalene  a  with 
chlorine  Distillation  and  the  action  oi  a  boiluig  Kjation  of  alcoholus  potaah  aquoU/ 
gire  u9iQ  to  tetrachioroDaphthalenp  «. 

ModiJicaiioH  x.  An  oily  liquid  prodaeed  by  treating  dicfaloronapbthalene  x  with 
ehlurine.  OiatiUatioa  oonrerta  it  into  tctnchlofooapfathaiear  «.  Alcoholic  poUah  gtrea 
a  eimilar  product. 

Tetr^chUridecfDibromonapktkalenr^  C'*H'Br".a*.  lAurenfi CA/oft<^  of 
Bronapkthf»f.  When  chlorine  is  pawed  intofbaed  dibromonaphthaleiuk,  a  xrty  thi<Jcod 
is  fonu<?d,  which  on  dilution  with  ether  depooita  the  anbetaaoF  eonght  ia  the  fbnn  of  a 
crystidlLne  powder.  Ic  is  colourK*M,  only  aligfatly  Mlablc  in  alcohol  or  Mher.  M«lt« 
at  aboni  166°,  and  on  solidifying  crystaUiaet  in  priami.  On  diatiOatioD  it  girea  off 
bromine,  a  hydraeid,  bromotrichloronaphtbalane  JS,  and  tetracbloraiaphtbalene  «. — • 
Alcoholic  puUsh  trousforms  it  into  a  eobaCaooo  cryftaUiaiug  ia  n««dle«  and  eoUble  ia 
ether. 

Ttirabromidt  of  DivKlorvnaphtkattne^  C**H*Cl*.Br'.  Laarent'i  BromicUof 
ChhnmanMkem. — Prepared  by  ti«  action  of  bromine  on  an  Picen  of  dichloronaphtha- 
leneo.  Colouriess,  Tory  slightlv  soloble  in  rtfaer.  Melts  abltla  above  1U0°,  turning 
red  and  evotring  bromine.  When  it  is  heated  until  no  mora  bromine  be  erolTcd,  the 
modiAcatioa  e  of  dichloronapbthalene  ie  regenerated. 

Tetrahromidt  of  BromoekloronapktkaUn*.,  C'*H*BrCLBr*.  Laurent's 
Bromide  of  Cklorcbnmapktka**,  Prepared  by  treating  chlorooaphthalene  with  broraina. 
An  active  efferreaoroce  etuaeSf  due  to  the  disengagement  of  hydrobromie  add.  If 
the  bromine  u  m  excess,  oystaJs  of  the  tetimbromide  are  formed  on  repoee.  It  ia 
purifled  by  solution  in  a  large  excess  of  boiling  ether.  On  cooling  it  la  daposked 
in  very  small  lustrous  prisms.  Before  melting  it  becomea  rod  aod  gives  off  favooilM 
and  hydrobromic  acid.  An  oil  remains  behind  which,  like  trichloronaohthaiaDe.  aolidi- 
fifs  on  cooling  in  roctangnlor  figures  crossed  by  two  diagonals  bristling  with  needles 
parallel  to  each  other. 

Tatrahromide  ofDihromonepktkatene^C^*K*Br',Bt*,~OeThar^i'i  Bihramidt 
of  BfhromonapktkaUnf.  ~pT0^»re6  by  pouring  bromine  over  naphthalene  or  dibrorao- 
naphthalene.  It  is  usually  deposited  after  a  few  hours  as  a  white  ctTatalliue  puwdi-r 
which  may  be  purified  by  washing  with  ether.  It  is  bat  slightly  soluble  in  boiling 
ether,  from  which  however  it  is  deposited  on  oooling  in  microaoopie  rhombic  tables. 
By  distillation  it  yields  hydrobcomie  acid,  bromine,  and  tetrabromonaphtbalene, 
which  condenses  in  the  neck  of  the  retort — It  is  decomposed  with  diifieolty  by  boiling 
alcoholic  potash. 

Tetracklorid0  of  Dihromoekioronapkt kalent^  C"H*Bi*CLCl*.— Prodncwl 
by  the  action  of  chlorine  on  tetrachloride  of  dibroroonaphthalene.  Helta  at  IdO^,  and 
on  cooling  crystallises  in  rhomboidal  tables.  If  heated  a  little  above  its  melting 
point,  it  remains  soft  and  transparent  on  cooling  and  only  partially  solidill^  forming 
an  opaque  maas  without  nny  cryf^talliae  appearance;  it  then  gently  heat«d,  it  crystal- 
lises in  rhombic  tablets.     It  is  only  sparingly  soluble  in  ether. 

It  deoomposoe  on  distillAtion,  3rieiding  hmmine,  a  hydnicid,  sod  three  other  stib- 
staneeSi  namely  Lnurcnt'fl  bromochloronnphthalene  B,  a  chloride  or  chlorobromido 
fusible  at  100°,  and  a  small  quantity  of  a  anbtance  which  irystallises  in  small  opaque 
needleo. — A  boiling  solution  of  alcoholic  potash  oonvorts  it  into  the  «  modification 
of  dibromotrichloronaphthalenc,  C'*lI*Br*Cl*. 

Tetrabromide  of  Tribromonapktkalent^  C**H'Br".Br*. — To  prepare  it, 
dibromonaphtb^ene  is  to  he  heated  with  bromine,  and  the  action  flninbed  in  sunahine. 
It  mny  be  punflfMl  by  ciystallisation  from  ether.  It  is  but  slightly  ooluble  in  ether, 
lis  othtir  properties  do  not  appear  to  have  been  studied.  By  distillation  it  yiddi 
bromine  and  a  substance  not  yet  examined. 


CkiorO'  and  BromonaphtkaUiuM. 

Ckloro%apktkalenf^C^*YV(X  Lawmft  CiUon>iM;»A/Adr/asf.^Pr«pared  by  boiling 
dichloride  of  naphthalene  with  alcoholic  potaah.  On  sdding  water  to  the  prudoct  of 
the  reaction,  an  oil  separates  which  may  be  puri6ed  by  distillation.  It  may  also  bo 
prepared,  but  not  advantageously,  by  distilling  dichloride  of  naphthalene. 

It  is  oily,  colourless,  suJuble  in  all  pruportions  in  ether ;  distils  without  change ;  is 
Dot  attacked  by  potash. 

Decomposed  by  bromine  with  effervesoenoe,  yielding  hydrobromic  acid  and  tetrabro* 
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mide  of  bromodiloroDaphthalrae,  C'*H'BrCLBr'.  Chlorine  converts  it  into  a  pecnliar 
oil  which  jrieldB  the  «  modificntion  of  trichloromtphthalene  vhen  treated  with  potash. 
Chlorine  with  aid  of  heat  converts  chloronsphthalene  into  tri-  or  tetracMoronaphtbalene. 
Bromonaphthalene^  C"H'Br.-~Prepared  by  the  action  of  bromine  on  naphtha- 
lene, avoiding  excess,  which  woold  cause  the  formation  of  dibromonaphthalene.  It  is  a 
coloorlesa  oil  which  distils  without  alteration.    Unaltered  bj  an  alcoholic  soHition  of 

Sitash.  Chlorinecombines  with  it»  yielding  dichloride  of  bromonaphthalene,  C^fi'Br.Cl'. 
romine  converts  it  into  dibromonaphthalene  and  other  brominated  products. 
Diekloronaphthalenet  C'H'Cl'. — This  sabstanoe  exists,  according  to  Laurent,  in 
•even  different  modifications,  namely  a,  c,  ad,  e,  /,  x,  and  y.  [The  letters  adopted  aa 
distinctive  marks  by  Laurent  have  reference  to  certain  properties  which  the  substancea 
bearing  them  have  in  common ;  thus  the  bodies  marked  a  are  always  soft ;  the  onlv  one 
marked  b  happens  to  be  brittle  {eaattmt) ;  those  marked  e  are  always  in  needles  of 
113°  or  thereabouts;  those  marked  «  are  in  needles  of  04°,  and  so  on.  The  reason 
for  the  adoption  of  these  special  letters  does  not  seem  to  have  been  made  pablio.1 
The  modifications  a^e^f,  and  x,  are  obtained  by  distilling  the  alpha  modification  A 
tetnchloride  of  naphthalene;  ad  and  e  by  treating  the  tetrachloride  with  potash ;  and 
ftnothory  by  submitting  dinitronaphthalene  to  the  action  of  chlorine. 
The  following  table  exhibits  the  principal  properties  of  these  substances. 

"JHstincHve  Characters  of  the  DicAloronaphtMaienes. 


a. 

c. 

«& 

e. 

/. 

*. 

r. 

Fosii. 

Uquld. 

Nfedie* 

Needles 

Needles 

Tables 
I03O. 

Liquid. 

Sublimed 
laminc 

MmLTma- 

POIKT. 

60° 

S^taMf 

»l*> 

10l*> 

9SP 

.  PSODOOT 

with 
CSLOum. 

OltyUtn' 
chloride  of 
dichloro- 

tuphthiJeDe 
wblcb  U 
converted 
b7Pou«b 
iDtotetn- 

chlorooaph- 
thalene  a. 

Solid 
tetrachlo- 
ride of  di- 
cta lorofuph- 
thaleak 

Dlchloro- 

naphthalene 

ae. 

LanloiP  or 
chlonapb- 

tOD& 

Liquid  te- 
trachloride 
bf  dMiloro- 
QBphthaleiie, 

which  is 
coDvertedbj 
poush  Into 
tetrachloro- 
napbthalene 

PSODOOT 

wltb 
Bhomimb. 

Tetrabro. 

mtdeoT 

dkhloro- 

Daphthaleoe 

Bromodl- 

cbloronaph- 

tbaleoeii. 

Dicfalorodl. 

bromottaph- 

(balem*. 

A  liquid. 

Dibromonaphthalene,  C**H*Br*.— Prepared  by  the  action  of  bromine  on  naphtha- 
lene or  bromonaphthalene ;  it  may  be  purified  by  oystallisiition  from  alcohol.  Long 
needles,  inodorous,  very  soluble  in  alcohol  and  in  ether.  Melts  at  59°  and  crystallises 
on  cooling  into  a  fibrous  mass.  It  is  volatile  without  decomposition,  and  is  not  attacked 
by  potash.  Bromine  acts  on  it,  giving  rise  to  several  compounds.— Faming  snlphnrio 
add  fonns  dibromosulphonaphthalic  add. 

Triehloronaphthalene^  C'liH)!'. — ^According  to  Laurent^  there  are  no  fewer 
than  seven  isomeric  modifications  of  this  substance.  It  will  be  quite  unnecessary  to 
do  more  than  quote  the  table  on  page  12,  giving  their  prindpal  properties. 

TribromonaphthaUn^  C*H*Br*. — Obtained  by  heating  an  excess  of  bromine 
with  dibromonaphthalene.  Fine  yellow  needles.  Helts  at  60°,  and  sometimes  does 
not  solidify  untU  cooled  to  the  temperature  of  the  air. 

SromodiehloronaphthaUne,  C*H*BrCl*.— Several  grammes  of  the  modifi- 
cation ad  of  dichloronaphthalene  are  to  be  mixed  in  a  flask  imperfectly  dosed, 
witii  a  alight  excess  of  bromine.  Hydrobromic  add  is  evolved,  which,  with  the 
excess  of  bromine,  may  be  removed  by  washine  with  a  few  drops  of  alcohol  and  a 
little  ammonia.  The  residue  is  to  be  dissolved  in  boiling  alcohol.  On  cooling,  the 
bromodichloronaphthalene  deposits  in  fine  nemlles.  The  nnattacked  dichloronaphth*- 
lene  remains  in  Uie  alcoholic  solution. 

This  substance  is  colourless,  tolerably  soluble  in  slcohol,  very  soluble  in  ether ;  and  of 
the  eonsistence  of  wax.  Cxystallises  by  epontaneons  evaporation  of  its  ethereed  solution 
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Dutiateiim  «karaeier$  nf  iAe  $e9em  vanetie*  of  TUekioront^tkikakm, 
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I'Z'X- 

SolofaU. 

SoluUo. 

BoloMo, 

SolobU. 

Sllgbtir 
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More  Mia. 
bl«  than  a. 

in  six-sided  needlM  with  asgles  between  120<>  and  121^    Kelts  about  80°.    Distils 
without  deeomqweition. 
T«traekloronaphthaUn0,  C'*HH31\  exists  in  &uf  diflbrant  modiflcationg. 

DutiKeHm  ekaraeUr$  oftJm  TetruekloT<mapkihakn«$, 
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liquid. 

BromotriekloronapkikaUne^  CH'BrCi*,  exists  in  three  different  modifica' 
tion«,  «,  A  7- 
Modificatum  a  is  prejfNired  bj  the  adaon  of  bromine  on  the  modification  a  of  trichlo- 
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louaphthalene.  It  fonns  colourless  six-sided  prisms  with  afigles  »  XlT*  SO',  and  tw» 
m,  126®.  Soft  like  wax.  Aft«r  fusion  it  czystaUisss  in  microaoo^  rosettes  between 
105®  and  106®.    Volatile  without  decomposition. 

Modification  $  is  prepared  by  the  action  of  bromine  on  dichloronaphthalene.  It  is 
like  the  m  modification  of  tetiachloionsphthaleDe,  except  Chat  the  crrstala  are  bettor 
defined.  CxystaUises  in  six-sided  prisms,  with  fonr  angles  a  120®  30  and  two  ■■  110®. 
It  is  of  the  consistence  of  wax,  and  after  fusion  solidifies  at  abont  100®  in  microsoopio 

FOSKteS. 

dibd^eation  y  is  prepared  by  distillation  of  tetrachloride  of  dibromonaphthalene, 
C**H'Br'.Cl*.  During  ^e  operation  bromine  and  the  vapours  of  hydrobromic  and 
hydrochloric  adds  ore  disengaged.  The  receiver  contains  a  mixture  of  trichloro- 
naphthalene  (modification  ■)  and  the  y  modification  of  bromotrichlorona^hthalene. 
The  first  may  be  removed  by  solution  in  ether,  a  white  powder  then  remaimng  which 
on  treatment  with  a  large  quantity  of  boiling  ether,  dissolves,  and  separates  on  spontft- 
neous  evaporation,  in  small  brilliant  prisms. 

Obli(jne  prisms  ^ith  oblique  bases,  the  angles  of  the  sides  being  102®  80*,  and  the 
inclination  of  the  base  to  the  sides  being  101®  and  103®.  Very  slightly  S(duble  in  ether 
and  in  boiling  alcohoL    Volatile  without  decomposition. 

2>i6romo(itcA/0rond^A£Aa/«H0^C"H*BrH}l'.'-Tbereare^  according  to  Lanrent, 
two  iaomerie  modifications,  a  and  fi, 

Modification  a. — Prepared  by  treating  the  variety  /  of  dichloronaphthalene  with 
bromine.  Hydrobromic  acid  is  then  disengaged,  and  in  a  ftw  minutea  the  floid 
solidifies  in  needles,  which  are  to  be  washed  with  cold  ether  and  dissolved  in  a 
veiy  small  quantity  of  hot  ether.  B^  slow  evaporation  the  substance  is  deposited  in 
small  bat  brilliant  doubly  oblique  pnsms,  having  the  angles  of  the  &ces  m  101®  30' 
to  102®  50'  and  101°  15'.  It  melts  at  170®,  ant)  crystallises  on  cooling  in  fiat 
needlesL 

Modification  B* — ^Prepared  by  treating  dibromonaphthalene  with  chlorine.  Doubly 
oblique  prisms,  melting  at  166®  and  distuling  without  alteration.  Solidifies  on  cooling 
into  a  fibrous  mass.     Very  slightly  soluble  in  ether  or  boiling  alcohol 

Tetrabromonapkihalene^  G'*H*Br^,  appears  to  exist  in  two  isomeric  modifica- 
tions. When  tetrabromide  of  dibromonaphthalene  is  distilled,  hydrobromic  acid  and 
bromine  are  disengaged,  and  a  white  matter  distils,  which  contains  two  substances^ 
To  separate  them,  uey  are  first  washed  with  ether  and  then  introduced  with 
more  ether  into  a  stzong  glass  tube,  which,  after  being  closed  at  the  lamo,  is  to  be 
heated  to  lOO®  in  a  water-bath.  On  cooling,  the  tube  is  to  be  openea  and  the 
substances  removed.  One  crvstallises  in  short  brilliant  prisms,  and  the  other  in  veij 
fine  needles.     They  may  easily  be  separated  mechanically. 

Tetrabromonaphthalene  crystallises  in  oblique  prisms  with  oblique  base,  in  all 
respects  resembling  those  of  the  5  modification  of  tetrachloronaphthalene.  Soluble  in 
alcohol  and  ether.  They  distil  without  alteration  and  resist  the  action  of  potash. 
The  needles  are  probably  tetrabromonaphthalene  a;  they  are  elastic,  brittle,  and  very 
slightly  soluble  m  ether. 

Dibromotrichloronaphthalentf  C"li'Ur*Cl*. — This  substance  also  exists  ia 
two  isomeric  modifications. 

Modification  a  may  be  prepared  by  boiling  tetrachloride  of  dibromodoronaphthalene 
fC'H'Br'CLCl^)  with  alcoholic  potash.  A  white  powder  is  obtained  whien  may  be 
dissolved  in  a  very  large  quantity  of  boiling  ether  or  benzene.  The  crystals  can  be 
obtained  by  spontaneous  evaporation.  BriUiant  prisms  belonging  to  the  tridinifl 
system.  After  fusion  it  ciystaJlises  at  166®  in  long  prisms,  Voutue  without  decom- 
position.   Unacted  on  by  potash. 

Modification  fi,  prepared  by  the  action  of  bromine  on  tetrachloride  of  naphthalene 
in  sonshine,  is  a  white  powder  almost  insoluble  in  ether,  fiisible,  and  crystallising  on 
eooling  in  rectangular  {wrallelograms  crossed  by  two  diagonals. 

HexehloronaphthahnCt  C'H'Cl*,  is  prepared  by  the  prolonged  action  of 
chlorine,  aided  by  heat,  on  the  alpha  modification  of  tnchloron^hthalene.  If  the 
{noduct  contains  perchloronaphthalene,  it  may  be  purified  by  means  of  ether,  is  which 
the  latter  substance  is  comparatively  insoluble. 

Six-sided  prisms  with  angles  of  120®.  Of  the  consistence  of  wax,  and  may  be  bent 
without  difficulty.  Dissolves  in  about  20  times  its  weight  of  ether.  Scarcely  soluble 
in  alcohol,  but  very  soluble  in  benzene.  After  fusion  it  solidifies  at  143®  in  microscopic 
rosettes.  Volatile  without  decomposition,  and,  like  its  congeners,  nnattacked  ^bv 
potash.  Even  sulphuric  acid  dissolves  only  a  very  small  quantity.  It  is  with 
difficulty  attacked  by  boiling  nitric  acid,  which  however  finally  transfonns  it  into  per- 
chloroxinaphthyl.  C«C1«0«. 

PerchloronaphthaUne,  C>*C1'.— Prepared,  like  the  last  substance,  by  the  pro- 


longed  a«tion  of  chlorisfl  on  alphaptrichloronaphthalene  kept  in  fttnion.  The  hes- 
chlorooaphtluleae  mmr  be  remored  by  ether  and  the  percmoronapbthalene  may  be 
obtained  from  the  residae  bj  boiling  it  in  benzene  or  petroleom. 

Pale  yellow  needles,  or  veiy  brittle,  fonr-eided  prisma,  of  which  the  angles  are  1 1 2°  30*, 
and  87°  SC,  Very  slightly  soluble  in  ether,  even'  on  boilii^.  ^Volatile  without 
decomposition  and  unattacked  by  potash. 

In  addition  to  the  above  chlorine  and  bromine  compounds^  Laurent  has  described  a 
cumber  of  aubstaaces  containing  fractional  parts  of  atoms  of  chlorine,  bromine,  and 
hvdn^n.  Many  of  these  substances  appear  to  be  mixtures,  but  others  hare  resisted 
all  enorbi  to  separate  them  into  bodies  having  more  satis&ctory  formulae.  It  is 
however  observable  that  the  substances  mav  be  traced  to  the  parent  hydrocarbon  by 
adding  t-he  fractional  atoms  t<^;ether;  thus  Laurent's  bromide  of  bron^hthifu  is  repre- 
aented  by  the  formula  C'»H*»Br'-'Br*.  Now  since  6-6  +  2*6  -  8,  the  hydrogen  is 
all  accounted  for,  and  the  substance  would  appear  to  be  tetrabromide  of  naphthalene, 
in  which  2*5  atoms  of  hydnwen  are  replaced  by  2*5  atoms  of  bromine.  It  will  not  be 
neceesuy  to  do  more  than  give  the  following  list  of  substances  described  by  Laurent 
containing  fractional  formulae.    The  names  are  tliose  of  Laurent. 


Bronaphthine 
Bromide  of  bronaphthine 
Chloride  of  ehloionaphtane 
Chlorophtone  F    .        . 
Ohlonaphthalane  A       • 
Chlorebronaphtine        , 
Bromide  of  chlorebronaphtine 
Chlorenbronapbtone  B 
Bromenchlonaphtose  A 
Bromanch  lonM)ht(me  A 
Bromochlonaphtune  B 


C»H"Br»^ 

C«H"Br"3r* 

C"H'-h;i-».ci* 

OwH*-*Gl''* 

C«H"BrK3I* 

C'»H»-»Br*»a« 

C"H*-*BrHn'*» 

C"H*Br'-*Cl" 

C"H"Br-»a» 

O^BrCl^H" 


Laurent's  vowel  system  of  nomenclatore  can  only  be  applied  nith  difficulty  to  such 
Mmbinations  as  the  above. 

Ckloronapkthalie  aeid,  C**HHJlO',  When  tetradtloride  of  chloronapbthalene 
is  boiled  with  nitric  add,  and  ether  poured  on  the  oil^  product^  chloride  of  chlorozy- 
naphUialene  is  mredpitated,  and  may  then  be  boiled  with  alcoholic  potash  in  which  it 
is  completely  soluble.  On  diluting  with  a  small  quantity  of  water  and  neutralising 
with  an  add,  chloronaphthalic  acid  crystallises  out  on  cooling  (Laurent).  Accord- 
ing to  Wolff  and  Stre«er,  this  process,  instead  of  yielding  the  ordinaiy  yellow  barium- 
•slt,  sometimes  gives  a  purple-red  sal^  possibly  of  a  more  highly  chlorinated  chloro- 
naphthalic add. 

The  add  forms  long,  yellow,  transparent  needles,  unaffected  by  exposure  to  the  air. 
Ifelts  about  200°,  and  on  cooling  crystallises  in  laminsB.  Distils  without  decomposition. 
Has  the  same  formula  as  chloroalizarin. — Nitric  add  converts  it  into  pbthalic  and 
oxalic  adds. — It  is  not  reduced  to  alizarin  by  potassium-amalgam  or  by  the  voltaic  batteiy. 

Ckloronaphthalate  of  ammonium  forms  radiated  crimson  needles.  The  potasnumsaU 
forms  carmine  coloured  needles,  containing  when  dried  at  100°,  18*07  per  cent.  E'O.  The 
barium-salt,  C'*HK71BaO',  prepared  by  predpitating  a  solution  of  the  ammonium-salt 
with  chloride  of  barium,  crystallises  in  orange-coloured  silky  needles.  The  strontium- 
soli  forms  orange-yellow  needles;  the  calcium-aaltf  orange-coloured  needles.  Th« 
aUofuniumrsalt  is  an  orange-coloured  predpitate ;  the  caamdum^alt  is  a  vermillion- 
ooloured  precipitate  which  under  the  microscope  appears  in  cruciform  czystals;  the 
cobaU-^taltf  a  crimson  predpitate  becoming  brown  on  drying  vermillion-colonred 
under  the  burnisher.  The  copper-aaU  is  a  crystalline  crimson-coloured  precipi- 
tate; the  ferric  and  ferrous  salts  are  brown  predpitates ;  the  Uad-^alt  a  gelatinous 
orange-red  predpitate;  the  silver-salt  a  gelatinous  blood-x«d  predpitate.  When  pre- 
pared with  heat,  it  forma  a  carmine-coloured  crystalline  predpitate.  Mercury-salU.  With 
solution  of  corrosive  sublimate,  a  solution  of  chloronaphthalate  of  ammonium  gives  a 
reddish-brown  predpitate. 

Chloronaphthalic  add  almost  rivals  turmeric  and  litmus  in  its  sensibility  to  the 
presence  of  alkalis.  Paper  stained  with  an  alcoholic  solution  (very  dilute),  if  exposed  to 
ammoniacal  vapours,  instantly  assumes  a  more  or  less  deep  red  colour. 

Sitro-compounds  of  Naphthalene, 

Ifiironaphthalenet  C'H'KO'.  Preparation. — By  fiu  the  most  convenient  method 
of  preparing  nitronaphthalene  is  to  expose  naphthalene  to  the  prolonged  action  of  cold 
nitric  add  of  moderate  strength.     For  this  purpose  the  hydrocarbon  in  small  pieces  or 
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eiysuls  ifl  to  be  plaoed  on  th«  mrfiiceof  nitric  acid,  of  Bpedflegrayity  1*33.  Largeabtl- 
tow  ersponting  basinB  are  the  moat  suitable  tmshIs  for  the  porpoee.  Six  pts.  nitrie 
acid  wifi  anfflee  to  convert  1  pt.  of  naphthalene.  After  exposure  for  some  time,  it  will 
be  foond  that  the  naphthalene  has  fused  into  a  cake.  It  may  then  be  cat  with  a  piece 
of  sheet  g^ase  or  a  platinum  knife  into  small  pieces  which,  aner  draining  on  a  ftinne], 
may  be  broken  up  in  a  mortar  and  returned  to  the  acid.  This  is  to  be  repeated  as  often 
as  tite  mass  becomes  caked,  about  a  week  being  required  to  complete  the  process.  No  red 
Tapours  of  an^  consequence  are  oToWed,  and  there  are  no  secondair  products  formed. 
Wnen  the  action  is  completed,  the  product  is  to  be  broken  small  and  orained  on  a  fbn- 
nel  nntil  no  more  acid  hqnor  falls.  It  may  then  be  washed  with  cold  wator.  The  final 
purification  may  be  effected  hy  one  or  two  crratallisations  from  boiling  methylated  spirit. 
By  tlds  proceee  eren  hundredweights  may  be  prepared  with  the  greatest  ease. 

iVoptfrliM.— Pale  yellow  prismatic  needles  derived  from  prisma  of  100"  and  80°,  the 
•cuto  angles  being  truncateo.  Melta  at  43°  the  temperature  rising  to  54**  at  the  mo- 
ment of  aolidiflcation.  Volatiliaes  almost  without  decomposition,  if  carefully  heated. 
If  the  heat  be  applied  rapidly,  it  decomposes  with  ignition  and  deposition  of  carbon. 

Ihotmponiion$, — 1.  Ferrous  acetate  reduces  it  to  naphthylamine,  as  also  does  si(^ 
fkid$  of  ammonium  (see  KAPaTHTi.A]iiini). — 2.  SulpMte  of  ammonium  converts  it 
into  naphthionic  and  thionaphthamic  acids. — 8.  Heated  with  7  or  8  tames  its  weight  of 
^kydraie  of  ealciupi  or  bariumt  it  yields  Laurent's  naphtase. — 4.  Chlorine  aided  by  heat 
converts  it  into  an  oil  which,  when  treated  with  potash,  yields  the  a  modification  of  tri* 
chloronaphthalene,  ox  sometimes  tetrachloronaphthalene. — 6.  Bromine  aided  by  heat 
vields  hvdrobromic  acid  and  dibromonaphthalene. — 6.  Fumina  ndphuric  acid  converts 
It  into  nitrosulphonaphthaUc  add. — 7*  Heated  in  a  water-batn  with  a  part  of  2  pts. 
i^rate  potassium  and  1  pt  fireeh  h^draie  of  caictum^  as  little  water  as  possible  being 
used,  it  decomposes  completely,  yielding  tbe  potassium-salt  of  nitrophthalic  aduL— 
8.  When  it  is  heated  in  a  retort  with  hyarate  of  potassium  and  slaked  Hme  to  a  tempe- 
rature of  140®,  and  oxygen  passed  over  it,  the  gas  is  slowly  absorbed  and  the  mixture 
becomes  yellow.  The  operation  takes  ten  or  twelve  hours,  at  the  end  of  which  time 
the  oxidation  of  the  nttronaphthaleue  is  almost  complete.  The  alkalis  have  then 
entered  into  union  with  a  substance  which  Dusart  calls  nitroxynaphthalic  acid.  (See 
N1TS0ZTICAFHTHAI.IC  AcExn.) 

Dinitronaphthalene,  C"H*N*0*. — ^Naphthalene  or  nitronaphthalene  may  be 
converted  into  this  compound  by  Ions  boiling  with  nitric  acid.  The  operation  is  to 
be  ctmtinued  until  the  oily  layer  scdidifiee  entirely  on  cooling,  the  product  being 
mshed  on  a  glass  funnel  with  water,  and  crystallised  from  alcohol.  It  forms  very 
small  needles  which  crystaliiae  from  a  solution  in  nitrie  add  in  rhombiepriama  of  67" 
and  118°,  Melts  at  18fi°,  and  maybe  sublimed  in  small  needles.  Wlien  suddenly 
heated,  it  deoompoeee  violently,  with  ignition  and  depoeition  of  carbon.  By  prolonged 
boiling  it  is  converted  into  trinitron^ithalene.  Chlorine  produces  di-  and  trichlcno- 
naphthalene.  Sulphide  of  mnimonium  converts  it  into  seminaphthylamine.  A  feebly 
unmooiacal  boiling  solution  is  reduced  by  sulphide  of  hydrogJBn  to  ninaphthylamine 
(Wood).  Its  alcoholic  solution  is  converted  into  nitrosonaphthylin  in  contact  with 
tine  and  l^droddoric  add.    (Perkin  and  Ohureh.) 

Trinitronaphthalene^  C^B^NK)*. — ^This  compoand  exists  in  three  forms,  «,  ^ 
and  7. 

Modification  a. — ^When  naphthalene  is  boiled  for  a  day  or  two  with  strong  nitric  acid, 
colourless  crystals  are  formed  which  are  a  mixture  of  dinitrooapbthalene  and  trinitio- 
naphthalene,  a  and  $.  The  dinitronaphthalene  and  a  substance  (^led  by  Laurent  nitro- 
naphtkaUise  mav  be  removed  1^  ether.  The  residue  is  to  be  boiled  with  only  enough 
alcohol  to  dissolve  half  of  it  By  spontaneous  evaporation  the  trinitronaphthalene  a 
will  be  obtained  mixed  with  needles  which  may  be  removed  by  agitating  the  liquid  and 
pouring  off  the  suspended  aystals. 

Bhombic  tableta,  pale  yellow,  inodorous  and  only  very  slightly  soluble  in  boih'ng 
alcohoL  Volatile  without  decomposition  when  carefully  heated,  but  decomposing  with 
violence  when  heated  rapidly.  Uelts  at  210°,  and  solidifies  into  a  fibrous  mass  on 
cooling. 

Chlorine  first  tuma  it  red  and  then  decompoaea  it  Alcoholic  potash  in  solution  evolves 
ammonia,  yielding  a  red  aolution  from  which  acids  predpitated  brown  or  black  fiocks. ' 

Mod^cation  $. — Tbe  residues  of  the  preparation  of  modification  a  are  to  be  mixed, 
and  boUed  with  nitric  add  for  6  or  6  days.  On  cooling  needlee  are  obtained' which  are 
to  be  washed  first  with  nitric  acid,  then  with  wator,  and  finally  with  alcohoL  They  are 
colourless  at  first,  but  become  yellow  by  exposure;  melt  at  216°;  decompose  with 
ignition  when  heated  in  close  vessela  ;  very  alightly  aoluble  in  boiling  alcohol  or  ether, 
leaa  so  in  iact  than  any  other  of  the  nitronaphthalenes. 

Boiling  alcoholic  potash  turns  the  compound  orange-red  at  first,  then  brown.   Adds 


f 


^\ 


16  NAPHTHALENE. 

precipitate  from  the  alkalino  solation  a  brown  inibstaoML     Boiling  nitn'c  acsrl 
p<MM  it  according  to  LaorrDt,  whicb  In  ctfange,  oouudering  ils  iDod«*  of  funiMli«ik 

Modifieation  y,  called  alao  Marignanf*  THmatromaij^ktkaJltne.  This«ub«tjuee«i 
the  chief  part  of  the  inaolable  residoe  remaining  vhen  dinitionapbthalMie 
Afcd  bj  boiling  naphthaleof  with  nitrie  acid  without  ^be  aid  of  fuming  ralphBrie  acM. 
'his  rraidao  ia  to  Iw  vaibed  with  water  and  extnct«Kl  b/  cold  ether  which  diaolfv* 
the  trinitroD^htbalffle  7,  andyielda  it  on  evapomtion  a«  an  adhMive  reainoaa  in>M_ 

It  ia  pale  jrellow,  arvtaUiaes  in  a  ptdreroleot  form  from  a  solutioD  in  boiling  aloohiol. 
jUtslte  below  100*^.  Alinost  insoluble  in  boiling  ether,  and  onljr  tparinglj  aolttbla  in 
boiling  alcohoL  When  careftiUy  heated  it  sublimes,  bat  if  the  heat  Ve  applied  mfUiif 
itdecompoeea  with  explosion.  SulnUonaof  tlie  eauatic  and  carbonated  allcalia  diiMilf 
with  a  fine  red  eoluur.  the  eolution  gradnallj  becoming  Uack.  From  the  *^^**'T^ 
'utioD  acida  precipitate  brown  flocka,  having,  aooordiog  to  Uacignac,  the  ibntttiA 

Ltiurant  haa  deaeribed  aerenJ  other  eompoonda  derired  from  the  mtronaphthaJeoiea 
bj  eubstitution  of  one  or  more  atoms  of  bTdragan  bj  bromine  and  ehlorixM ;  they  aic 
not  however  of  any  very  special  interefL 

SulpWric  dtriwiUve*  of  HapkthaUnt. 
For  the  nnraArone  prodncts  of  the  action  of  snlphorie  add  upon  naphthalone;  | 

SULPUOMAFHTHAUC  AciD. 

Produeti  0/  oridation  of  VaphtkaUnt, 

The  following  prodncta  of  oxidation  of  nnphthalene  will  be  fband  nodor  thair 
per  beadingH,  Naphtkalasb,  NarKTuasu:  Acid,  NarBTBUuuv. 

V*€a  of  liaphtiioifne. 

The  enormoQB  qnantities  of  naphthalene  which  are  prvfoced  during  the  distillatf  jl 
of  coal-tar  are  seldom  or  nerer  extjwrted  from  the  *  pitch  otL'  Great  efforts  hare 
been  made  to  find  a  use  for  it,  but  none  have  been  enttrslj  voceeasftil.  I«Mrop  black 
is  Bometimefl  prepared  by  condensing  the  dense  smoke  which  borning  naphthalene 
erolvee. 

A  French  Borgeon,  AL  Emery,  has  employed  naphthalene  in  the  treatment  of  eertain 
skin  diaeuiaea.  He  tried  it  on  fourteen  patienta  in  the  hospital  of  St.  Louis,  and 
twelve  were  enriMl.  In  the  two  eaaee  which  failed  one  was  a  woman  30  yemim  of  ag«^ 
who  hitd  been  afflicted  for  eight  years  with  foriasi*  gyrata  :  the  other  was  a  youns 
man  who  had  suffered  for  eight  years  with  tfpro  vuigaris.  The  hitter  case  was  cored 
by  a  two  montlis*  coarse  of  pitch  ointment  The  mode  in  which  M.  Emery  applied  tha 
naphthalene  was  in  the  form  of  ointment  in  the  strength  of  3ss  to  3>  of  lard.  The  in- 
flammation which  aomedmes  supervenes  moat  be  oombated  by  poultices. 

Great  efforts  have  also  been  made  to  produce  fiut  colours  from  naphthalene,  but  np 
to  the  present  time  the  reeulta  hare  not  been  succe«afuL  There  is  no  doubt  whatcv*^ 
tliat  iu  a  few  years,  perhaps  in  a  few  months,  the  difficaltiee  in  the  way  of  utilising 
uapltthalene  will  be  overcome. 

The  Hction  of  reducing  agents,  each  as  ainc  and  hydrochloric  acid,  upon  dinitronaph- 
thttlene  gives  rise  to  mtroaonaphthylin,  a  beantifol  colouring  matter.  The  some  com- 
pound also  affords  coloors  when  heated  with  stannous  chloride  and  cyanide  of  potassiam. 
The  close  relations  which  appear  to  exist  between  rhe  formula  of  alixarin  and  some  of 
the  dcrivatires  of  naphthalene  have  lone  led  to  a  hope  of  the  artifieial  formation  of 
the  former  substAuce.  Indeed  M.  Booasm,  by  reducing  dioitranaphthalene  with  sul- 
phuric acid  and  zinc,  produced  a  colouring  matter  which  was  for  some  time  considered 
to  be  alisumn ;  subsequent  reeearchea  however  showed  that  the  conclusions  which  had 
been  formed  regarding  SL  ilouasin's  substance  were  too  hasty.  In  fact  naphthasario 
yields  only  sombre  shades,  whicb  have  not  been  found  of  iodostrial  importance. 

The  beuutiful  substance  obtained  by  Messrs.  Perkin  and  Church  by  acting  upon  a 
salt  of  »apbthyla.mine  with  nitrit'^  of  potassium,  and  to  which  they  have  given  the  name 
of  azodiuuphthyldiomine  (see  NAPKTaTi.A]uirs),TieldB  Buperb-coloored  derivadvea,  some 
of  which  can  easily  be  applied  to  tissues ;  they  have  not  yet  however  been  aueceaafullj 
fixed.  C.  0.  W. 

WAPBTBA1.XW. 

SrAPHTBAIiUfS.  ) 

WA^BTSAAO-CTAVZC  and  «A»BTaA&0-BirZ.PBOCTA]VZC  ACXI>8. 

Syn.  with  Cyakatb  and  Stjlphoct^natb  or  Nafhthtl  (p.  I'J). 
Syn.  with  OmfAPHTHTLAMiNm. 
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with  NAPHTBALBnL 
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CIPO^.  Preparaium. — Acourding  to  Launtnt,  when 
n^hthalene  is  treated  with  acid  chromate  of  potMBtnm,  water,  and  solphnric  acid, 
ft  violent  reaction  takes  place  and  naphthesio  add  (and  sometimes  a  rose^olonred 
aabstance,  carminaphthone  O^H^O^  ?)  is  formed.  The  mass,  after  the  reaction  is  over, 
is  to  be  treated  with  water  and  thrown  on  a  filter.  The  solution,  after  the  lapse  of  a 
considerable  time  (two  months),  deposits  crystals  of  chrome-alum,  which  in  time  become 
ooTered  with  white  warty  grannies.  The  latter  are  to  be  dissolved  in  alcohol,  and  the 
solution  after  filtratioo  is  to  be  evaporated,  when  the  naphthesic  acid  will  remain  as  a 
crystalline  mass. 

Properties. — Rhombic  needles  of  5S°  and  122^.  Melts  below  100^  and  may  be 
fublimed  at  a  higher  temperature.    Soluble  in  alcoh(^  almost  insoluble  in  water. 

C.  O.  W, 

WAVamnOWXO  AOn>.  Ci'H^.SO*.  aulphonaphthalidamie  acid.  (Firta» 
Ann.  Ohim.  Phys.  [3]  xxxi.  217;  Qm.  xiv.  110 ;  Qerh.  iii.  469.) 

Preparation, — One  ptut  of  nitronaphthalene,  after  being  washed  with  water  unlil 
the  mtric  acid  used  in  its  preparation  is  removed,  is  warmed  with  5  parts  of  alcohol 
until  dissolved ;  and  6  parts  of  solution  of  sulphite  of  ammonium,  speeiflc  gravilj 
1*24,  are  added.  The  mixture,  if  kept  gently  boiling,  deposits  acid  solphite  of 
ammonium,  and  acquires  an  add  reaction.  Carbonate  of  ammonium  in  powder  is 
then  to  be  added  until  the  add  reaction  disappears.  After  boiling  a  short  time 
the  acid  reaction  again  becomes  apparent,  and  must  be  destroyed  as  before.  The 
boiling  is  continued  until  no  turbidity  is  observed  on  adding  a  drop  of  the  liquid 
to  water.  The  liquid  forms  two  strata,  the  upper  containing  thionaphthamate  and 
naphthionate  of  ammonium,  and  the  lower  sulphite  and  sulpnate.  The  upper  layer 
is  to  be  separated  And  evaporated  over  a  lamp  to  an  oily  consistence  and  then  put 
aside.  After  some  time  it  becomes  converted  into  a  mass  of  oranpe-yellow  crystals  of 
thionaphthamate  of  ammonium.  The  mother-liquid,  which  contains  the  naphthionate 
of  ammonium,  is  heated  to  100*^  and  mixed  with  hydrochloric  acid,  which  precipitates 
the  naphthionic  acid.  It  is  now  to  be  washed  with  water  and  with  alcohol,  until  the  liquids 
eome  away  colourless.  The  naphthionate  of  ammonium  is  then  to  be  converted  into 
a  calcium  or  sodium-salt,  which  may  be  purified  by  repeated  crystallisations ;  and,  when 
it  has  become  colourless,  it  is  once  more  dissolved  in  water  and  precipitated  by  a 
slight  excess  of  hydrochloric  acid.  The  acid  thus  precipitated  is  washed  with  water 
and  then  with  alcohol.  As  moist  naphthionic  acid  is  easily  altered  by  contact  with 
air,  it  is  necessary  that  the  water  used  for  washing  it  be  freed  from  air  by  prolonged 
ebullition. 

Properties. — ^As  precipitated  from  a  warm  solution,  naphtiiionic  acid  fonns  small 
light  colourless  crystals  resembling  asbestos.  It  is  tasteless  and  inodorous ;  reddens 
litmus  paper.  It  is  only  slightly  soluble  in  water,  2000  parts  of  the  latter  dissolving 
only  1  part  at  ordinary  temperatures.  It  is  only  sligntly  soluble  in  eUeohol,  "R 
completely  saturates  alkalis,  but  its  salts  with  heavy  metals  have  an  acid  reaction.  It 
evolves  acetic  acid  firom  acetates  even  at  ordinary  temperatures.  The  erystals  are 
rendered  anhydrous  by  a  temnerature  of  100**. 

Decompositions. — 1.  Heated  on  platinum,  it  bums  and  evolves  sulphurous  add,  giving 
off  an  innammable  vapour  having  an  odour  recalling  that  of  bitter  almonds ;  it  leaves  a 
large  carbonaceous  residue. — 2.  Moist  naphthionic  acid  is  decomposed  by  exposure  to 
the  air. — 3.  It  is  not  decomposed  by  boiling  with  concentrated  hydrochloric  acid. 
• — i.  Concentrated  sulphuric  acid  dissolves  it  with  the  aid  of  heat  The  solution  is 
taransparent  and  colourless;  it  may  be  heated  to  nearly  200^  without  decomposition,  but 
about  220°  it  begins  to  blacken  and  give  off  vapours  of  sulpharic  acid. — 5.  Con* 
centrated  solution  of  hydrate  of  sodium  does  not  attack  it. — 6.  Dilute  nitric  acid  is 
without  action  on  it,  but  when  concentrated,  especially  if  it  contains  nitrous  acid,  it 
converts  it  into  a  brown  resin. — 7.  Chlorine  passed  into  a  solution  of  a  naphthionate 
turns  it  brown  and  precipitates  a  resinous  substance. — 8.  Acid  chromate  of  poiasaiutA 
aided  by  heat  acts  like  chlorine.  The  presence  of  sulphuric  add  accelerates  the  decom- 
position. 

Salts  of  NAPHTHiomo  Acid. — The  naphthionates  are  all  soluble,  and  crystallise  easily 
from  a  solution  in  weak  alcohol.  Solutions  of  naphthionates  are  opalescent,  and  when 
viewed  at  different  angles  transmit  beautiful  red,  blue  and  violet  colours.  Excessively 
weak  solutions  produce  these  effects,  a  solution  of  naphthionate  of  sodium  containing  only 
jj^^  of  salt  being  capable  of  showing  the  phenomenon. 

^The  aqueous  solutions  of  the  naphthionates  of  the  alkali-metals  are  not  predpitated 
by  ocf^tc  acid  even  when  heated  ;  but  the  alcoholic  solutions  treated  with  acetic  add 
yield  a  small  precipitate  of  naphthionic  add. — Ferric  chloride  added  to  a  solution  of 
naphthionate  of  sodium,  gives  an  abundant  brick-red  predpitate  which  turns  brown 
when  heated.— P/a<«nw;  chloride  gives  a  yellow  precipitate.— At^rote  of  silver  givee  a 
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vhitp  cr^ittalline  jmAjnUte.     TVieklarid*  of  gold  tanM  the  ■olatioD  of  DApl 

■oditiin  porpU.  and  giret  a  predpitAte  at  meUUicgold.— JI/rrvwrt<:cA/cr*<2r 

wbit«  pracipiUte.— 5Wpi(U»  of  copper  tunu  tlia  •olution  jellov,  bat  gives  BO  pv^ 

cipiUt«. 

NapktXionaU  of  Jmmomum.—^'Vtgy  Mlable  in  wiLtpr  and  aleohol ;  crratalliaafl  with 
diffirultj, 

Naphthv>ntU$  of  Barium. — This  oompuood  U  b«ft  pepand  by  doabU  deeompoaitio« 
of  a  Aolntian  of  naphthionat^  of  aodium  irith  ohlond«  of  bAnnm :  for  tbu  umpo— 
3  part*  of  oapbrhioDaU)  of  sodium  asd  1  part  of  cUlonde  of  bariom  an  to  b«  di— Jmd 
in  10  parta  of  boUing  wat«r.  Th<>  nsphihionate  of  barioiii  ririiTaniana  o«t  oo  flooi- 
ing.  and  may  be  rendered  perfectly  pore  by  two  leaystaJliaatioDa  bom  hoiJing 
water. 

Two  different  kinds  of  eryatals  of  Uiifl  nit  may  be  prepared  b^  regnUdn^  the 
temo^mtore  at  which  the  solution  crystaUiaee.  If  a  amali  quantity  of  liquid  be 
employed,  micaceoua  buninae  form  in  the  fluid  while  still  warm.  The  cnratala  ao  furmed 
have  a  slightly  violet  tint.  If  the  aolotion,  oo  the  other  band,  la  more  dtlatev 
if  doee  oot  begin  to  oysUUiae  until  after  oompJete  cooling;  the  Milt  then  aasiusc* 
the  form  of  1^^  trazuparent  rhombohadnl  laming  It  la  moderately  aolnUe  in 
water. 

KaoktMcnate  of  Calcium,  C*H'*Ca'N'S*0*.8lI«0.— Whein  crad*  naphthiooic  ncid  m 
boiled  with  milk  of  lime,  rhe  filtered  aolation  eraporatod  over  the  water-bath*  and 
then  left  at  real,  bulky  reddish  cryetala  are  depoeited  which  may  be  porified  by  waahiaf 
on  A  funnel  with  cold  alcohol,  which  diaeoWea  resinnna  imporitiea.  The  aalt  tJiae 
pnrtially  purified  ia  to  be  diaaolred  in  boiling  water,  decoloriaed  by  animni  charcoal 
and  net  aaido  to  ciyatalliae.  It  erystalliaea  in  white  eemi-tmnapareDt  lamin»  harioi^ 
a  fatty  appearance.  IndiTidnal  eryatals  »PV*^*  eoloorlesa,  but  when  ao^^n  in  maeeew 
they  pofeesa  a  very  beautiful  rogy  tint^  Very  eolable  in  water,  almoat  inaoluble  ta 
alcohoL     It  has  no  action  on  v^getAhle  colouring  matters. 

Ifaphihumai*  of  Lead,  C*'H"Pb'N'S*0*.2UK>,  prepand  by  double  deeompoeitioB  of  a 
•olution  of  oitplithiooate  of  sodium  with  nitrate  of  lead,  form^  abort  reddiah  needle*^ 
•lightly  soluble  in  water,  but  insoluble  in  aloohoL  Reddens  htmus.  It  i»  altered 
by  boiling  with  watar.  the  solution  becoming  nd  and  gndmiUy  losing  its  power  of 
crystallising. 

Hajikthionate   of  Magnesium,  C^H^'Mg^'SH)*. — Eaaily  obtained  by  boilingf  for 

«ui  two  hours  a  mixture  of  2  pta.  of  crude  naphthionic  acid  and  1  pt.  of  carbonatt 
^agneaiuin  with  water.     The  aolution  ia  to  be  filtered  and  aet  aside  to  cryefalKaa 
jf  u  to  b«  purified  by  recryatalliaatioa  from  woak  alcohol.     If  the  solatioD  be  co&cen- 
^gffftntj^  the  resulting  salt  will  contain  4  atoms  of  water  of  crystal liaalioc  ;   but  it  tb« 
^T^  mother-liquor  be  allowed  to  evaporate  spontaneoualy  m  vacuo,  the  crystala  will  contain 
6  iitomB  of  wal«r. 

HapiUhionaU  of  PoUuaium,  C"H"KN30".— Thie  salt  is  anhydrous,  very  soluble  19 
water  and  alcohol,  but  sparingly  soluble  in  the  same  liqoids  when  hydrate  of  potaaainn 
is  present.  It  is  easily  olptained  bydiasolring  crude  naphthiooic  arid  in  a  boiling  eoo- 
ceotrated  aolution  of  hydrate  of  potaaaium.  It  cryatalliaes  out  on  cooling  in  amkll 
micaceous  lamins. 

KapktkioTiaU  of  SUtfrr,  C^*U*A%SSO*JE*0,  obtained  b^  decomposing  a  perfectly 
neutral  solution  of  nitrate  of  ailver  with  a  solution  of  naphthionate  of  sodium,  ia  a  white 
curdy  powder,  aometimes  becoming  converted  into  dense  crystaUine  graina  with  an 
adamantine  lustre.  Little  soluble  in  cold  water,  mora  so  in  hot.  Becomes  grey  on 
exposure  to  light. 

Ammoniacai  naphtkif^naU  of  Silver,  C*H*AgSO*.2NH'.2HM),  is  deposited  in  white 
cryatallme  grains,  on  treating  a  hot  solution  of  the  lastnleecribed  salt  with  ammonia 
and  leaving  the  liouid  to  cool.     It  is  but  slightly  acted  upon  1^  light. 

Naphihionaie  of  Sodium,  G'*H'NaN'SO'.iaH>.— This  salt  may  be  prepared  by  dis- 
solving crade  naphthJonic  acid  in  hot  alcohol,  with  addition  of  oowdered  carbonate  ot 
sodium.      The  boiling  solution,  after  filtration  and  repose,  yidos  fine  nearly  colourless 

Srisms  of  the  aolt.  It  may  be  purified  by  buing  reduced  to  powder  and  washfMi  00  a 
mnel  with  a  coticontrated  alcoholic  solution  of  oydrat«  of  sodium ;  afler  this  it  must 
be  dissolved  in  alcoboU  and  decolorised  by  animal  charooaL  After  the  Utter  treatment 
it  will  be  necessary  to  recrystalUse  it  several  times. — The  salt  forma  fine  prisms  be- 
longing to  the  mouocliuic  system,  very  eliglitly  soluble  in  ollLEiJine  liquids,  and  readily 
soluble  in  wat^r  and  alcohol,  insolubib  in  Kher.  When  in  masses  the  crystals  always 
appeur  yellow.  Tho  crjHtjiis  are  at  first  insipid,  but  afterwards  yield  a  8we«t  persistent 
tustc.  The  suit  serves  for  the  preparation  of  several  of  the  naphthionates  by  double 
decomposition. — When  heated,  it  yields  a  residue  of  sulphate  and  much  carbon. — It  ia 
not  changed  by  exposure  to  dry  air. 
Hapktkumate  of  Zinc,  C^U'^Zn^N'SH)*.— Obtained  by  double  decomposition  of  naph- 
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IhioDAto  of  sodiom  with  sulphate  of  dnc.  It  fomu  Urge  red  Umiiue,  tranqwrent  but 
becoming  opaqae  at  90°,  with  loss  of  some  of  its  vater  of  ctjstallisation.  Veiy  soluble 
in  water,  soluble  in  anhydrous  alcohol  with  the  aid  of  heat.  Becomes  anhydrous 
between  150®  and  leO".  C.  G.  W. 


C'*HH)».  (Schiitzenberger  and  Willm,  Compt.  rend, 
xlvi.  894.) — A  substance  produced  together  with  asodinaphthTldiamine  (p.  23)  by  the 
action  of  aqueous  nitrite  of  potassium  on  hydrochlorate  of  naphtbylamine.  The 
aaodinaphthyl-diamine  may  be  dissolved  oat  by  alcohol  or  ether,  and  naphthnlmin 
then  remains  as  a  black,  rather  bnlW,  humus-like  substance,  insoluble  in  nearly 
all  soWents,  especially  in  acids  and  alkalis.  It  dissolves  howerer  in  strong  sulphorio 
acid,  fonning  an  iiidigo-co loured  solution  whence  ic  is  precipitated  by  water. 

JTAmrMT^    G**H'.— The  monatomic  radicle  of  naphtbylamine,  &c. 

ON     * 
GyaruUeofNapktMyl,  C"R^O  »  ^,»^,[0,  is  produced  in  small  quantity  by  heating 

dinaphthyl-carbamide  with  phosphoric  aohy^dride  (V.  Hall,  Phil  Kag.  [4]  xvii 
804),  probably  also  when  meuaphthoximide  is  heated  to  260°  (Perkin,  Chem.  Soc. 
J.  iz.  8).  It  forms  magnificent  easily  fusible  crystals,  insoluble  in  water,  easily  soluble 
in  alcohol  and  ether.  Its  reactions  are  exactly  analogous  to  those  of  cyanate  of  phenyl 
(ii.  196)     (Hofmann,  Compt  rend,  xlvii  425.) 

SuipkoeyanaU  of  Napkikyl,  C^H'NS  »  q^Is.    Obtained,  together  with  naph- 

thylamint^  by  distilling  dinaphthylsulpho-carbamide  with  phosphoric  anhydride : 


(^7r  -  c^H.!3  *"'El^- 


It  forms  splendid,  easily  fusible  crystals,  hsTinff  a  peculiar  odour,  insoluble  in  waitr, 
tery  soluble  in  alcohol  and  ether.  When  boiled  in  alcoholic  solution  with  naphtbyl- 
amine^ it  is  reoouTerted  into  dinaphthyl-sulphocarbamide.  With  aniUns  it  fbims  sul- 
phocyanateofphenyl-na^thylamine:  ^^,|s  +  ^1  |n  -  C"HX^)n1^ 
(Hall,  Hofmann;  loc*  cit.) 

MArWMM  M«AMng»,  C**H*N.  ifaphtAalidmn,  Napkthaiamiru,  Naphtha/idine. 


(Zinin,  J.  pr.  Chem. zzvii  148 ;  abstr.  Ann.  Ch.Pbarm.xliT.  283.  Piria,  Ann.j6b. 
Phy8.[8]xxxl2U.  B«champ,»Mf£.  xlii  186.  Delbos,  «M<;.xxi.68.  V.H.FerlK; 
Chem.  8oc.  Qu.  J.  ix.  8 ;  Chem.  Oax.  1856,  p.  119.  Hugo  Schif^  Ann.  Ch.  Fhys. 
lit  112.  A.  W.  Hofmann,  Compt  rend,  xlvil  425;  Ann.  Ch.  Phys.  [3]  liv.  204k^ 
Schiitsenberger  and  Willm,  Compt  rend.  xItxI.  82.  Perkin  and  Church, 
Chem.  Soc  J.  xvi.  207. — ^Diseorered  trf  Zinin  in  1842  during  his  important  researches 
on  the  reduction  of  niteo-compounds. 

J*reparati4m. — Zinin's process  consists  in  mixing  1  pt  nitronaphthalene  with  10 
pts.  of  strong  alcohol,  and  saturating  the  mixture  first  with  ammonia  and  then 
with  sulphide  of  hydiogen.  The  essential  features  of  the  reaction  are  expressed  bj 
the  annexed  equation : 

C'«H«NO«   +    8H^   -   C»H^   +    2HH)    +    8". 
NltroufAthalam.  Kapbtbytamtn*. 

Piria*s  process  consists  in  taking  advantage  of  the  ease  with  which  the  thionaph- 
tbamates  are  converted  into  naphth^mine.  When  the  thionaphthamate  of  an  alkali 
is  treated  with  dilute  sulphuric  acid  and  the  solution  is  heated,  sulphate  of  naphtbyl- 
amine is  produced  in  accordance  with  the  equation — 

2C'*H»N30»     +     HK)     «     2(C"H»N)H«0*. 
Thtonaphtluunlc  «cM. 
8.  Aoeoiding  to  Piria,  naphtbylamine  is  also  produced  by  distilling  a  thionaphthamate 
with  excess  of  hydrate  of  caldnm. 

4.  The  process  almost  invariably  used  at  the  present  day  is,  however,  that  of  B^ama 
whidi  ooDsuts  in  reducing  nitronaphthalene  with  iron  filings  and  acetic  acid.  Accord* 
ing  to  Schutzenberger  and  Willm,  phthalamine,  CH*NO^  is  also  formed  in  this  r^ 
action,  l^e  production  of  naphthylunine  by  B^cbamp's  process  is  precisely  analogous  to 
that  of  aniline  from  nitrobenzene  with  the  same  reagents,  and  may  be  written  thus : 

C"H*NO*     +     6FeO      +     HH)     -     3Fe«0«     +     C'»H»N. 
It  is  quite  unnecessarv  to  give  at  length  all  the  modifications  of  B^champ's  process, 
which  have  been  described  by  various  operators.     The  following  method  of  prepara- 
tion will  be  found  to  answer  either  on  the  large  or  on  the  small  scale :  1  pt  (kT  nitzo* 
naphthalene  which  has  been  well  wsahed  with  water  to  remove  adhering  nitric  add,  if 
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iaix«d  with  1}  pt  of  iron  fi^ngs,  and  commercial  acetic  add  is  added  in  snfflcient 
Qoantity  to  cover  the  whole.  The  retort  must  be  very  capacious,  and  shoold  be  able  to 
hold  at  least  ten  tiroes  the  quantity  of  the  ingredients  taken.  A  gentle  heat  is  applied 
until  the  nitronaphthalene  melts.  The  reaction  soon  sets  in,  and  is  generally  very 
actiTe,  the  contents  of  the  retort  frothing  violently,  and  boiling  over  nnless  the  fire  is 
removed.  As  soon  as  the  frothing  has  sabsided,  the  retort  is  to  be  cautiously  heated 
until  the  acetic  acid  has  distilled  over,  after  which  it  is  to  be  removed  from  the 
fire  and  allowed  to  cooL  A  strong  solution  of  hydrate  of  potassium  may  then  be 
added,  until  the  mixture,  after  being  well  stirred,  is  powerfully  airline.  The  retort 
may  now  be  transferred  to  a  deep  sand-bath  and  covered  with  sand  up  to  the  neck. 
The  fire  is  to  be  urged  until  the  nsphth^lamine  comes  over,  which  however  will  not 
be  the  case  until  the  temperature  has  risen  to  300°.  The  oily  naphthylamine  thuM 
obtained  is  purified  by  solution  in  hydrochlonc  acid ;  t^e  filtered  liquid  is  evapo- 
zated  to  dryness  and  distilled  with  hydrate  of  calcium ;  the  base  then  passes  over 
in  the  form  of  a  colourless  oil  contaminated  only  by  the  presence  of  phthalamine. 
The  latter  may  be  removed  by  converting  the  mixture  of  bases  into  sulphates  and 
crystallising.  The  sulphate  of  naphthylamine  being  less  soluble  than  sulphate  of 
phthalamine,  will  crystallise  out  first 

Boussin  prepares  naphthylamine  by  treating  nitronaphthalene  with  tin  and  hydro- 
chloric add.  He  introduces  into  a  balloon  (which  should  have  twice  the  capadtj 
necessarr  for  holding  the  ingredients)  6  pts.  of  commercial  hvdrochloric  acid,  1  pt  <»P 
nitronapnthalene,  and  as  much  granulated  tin  as  will  reach  to  toe  surface  of  the  mixture. 
The  balloon  is  heated  in  a  water-bath  and  shaken  at  intervals.  An  energetie  re- 
action is  soon  set  up,  the  nitronaphthalene  disappears,  and  the  mixture,  which  is  of  a 
brown  colour,  becomes  transparent  The  product  in  this  condition  is  poured  into 
sn  earthenware  vessel  containing  two  Utr«i  of  commercial  hydrochloric  add  diluted 
irith  half  its  bulk  of  water.  The  hvdroohlorate  of  naphthylanaine  soon  b€^ns  to  ctys- 
talUse,  and  finally  renders  the  whole  solid.  On  cooling,  the  magma  is  drained  on  linen 
filters,  and  subsequently  pressed.  To  puri^  the  crude  hydrochlorate  prepared  in  this 
manner,  it  is,  after  drying,  to  be  dissolved  in  boiling  water  and  treated  with  a  sufB- 
dent  quantity  of  solution  of  sulphide  of  sodium  to  predpitatethe  tin.  The  liquid  is  then 
passed  through  a  wet  paper  filter  to  remove  a  tar^  impurity.  The  pure  hydrochlorate 
dystallises  on  cooling.    The  base  may  be  separated  by  the  addition  of  an  alkali 

Properties. — Naphthylamine  predpitated  from  a  solution  of  the  sulphate  by  ammonia 
ibrms  white  silky  needles.  As  orainarily  obtained  by  distillation,  it  is  a  yellowish- 
white  cryataUine  mass.  It  melts  at  50°  and  distils  at  atiout  800°  without  decomposition. 
In  Bpite  of  this  fact  its  vapour-dendty  does  not  appear  to  have  been  determined.  If 
Tecy  slowly  heated  it  sublimes  in  long  silkv  neeolee.  It  has  a  most  disgusting  and 
persistent  odour,  which  adheres  to  the  hands  and  clothes  for  a  long  time.  Some  per- 
sons appear  to  he  ii\juriously  affected  bjit  when  working  with  it  for  some  time  (Oarey 
Lea).  Solutions  of  naphthylanune  ooJour  deal- wood  ydlow  even  more  intensely  than 
aniline.    (Hofmann.) 

J>feompotition8. — L  Naphthylamine  bums  with  a  smokv  flame,  leav.'ng  a  residue 
of  carbon  (Zinin). — 2.  Tumsvioletin  theair(Zinin).  This  violet  substance  appears 
to  be  produced  during  the  formation  of  naphthylamine  fr^>m  nitronaphthalene  by  B^ 
champ's  process ;  one  or  two  grains  are  all  that  can  be  obtained  from  60  or  more  grammes 
of  nitronaphthalene  (Carey  Lea).  Sublimed  naphthylamine  becomes  coloured  only 
after  long  exposure  to  the  air  and  sunlight^  and  if  protected  from  these  influences  may  be 
kept  mudtered  for  years  (Zinin). — 3.  Heated  to  200°  with  dry  mereurous  nitrate  it 
yields,  according  to  the  quantities  of  salt  employed,  various  shades  of  colour  from  that  of 
aniline- violet  to  that  of  fUchsine  (Scheurer-liestne  r). — 4.  Stannic  chloride  converts 
it  into  a  red  colour  (KestnerV— 6.  Not  attacked  by  chlorine  in  the  cold,  but  violently 
when  in  a  melted  state,  hvdrocnlorate  of  naphthylanune  and  a  resinous  substance  being 
formed  (Zinin). — 6.  Solution  of  hydrodilorate  of  naphthylamine  treated  with  chlorine 
afibrds  a  violet  colour,  a  brown  resin,  and  a  substance  crystallising  in  golden-yellow 
needles  (Zinin). — 7.  With/errtc  chloride,  nitrate  of  silver,  trichloride  of  gold  and  oxi- 
dising  substances  generally,  it  gives  an  axu re-blue  predpitate  of  naphthame'ine  (Piria). 
— S.  when  nitrite  of  poiaeeium  is  added  to  a  solution  of  a  salt  of  naphthylamine,  a 
reddish-brown  predpitate  is  immediately  produced  called  by  its  discoverers  azodi- 
naphthyldiamine,  and  having  the  formula  C*H'*N'  (Perkin  and  ChurehX 
— ^.  Piatinic  chloridet  mercuric  chloride^  and  chloride  of  rinc  yield  the  naphthame'ine 
of  Piria  which  appears  in  fact  to  be  oxy naphthylamine  (Schiff).  This  is  probably 
also  the  substance  obtained  by  heating  nitron^hthalene  with  the  hydrates  of  potas- 
sium and  caldum. — 10.  Nitric  acidt  espedally  if  it  contains  nitrous  acid,  converts 
naphthylamine  into  a  brown  powder,  almost  insoluble  in  water,  but  soluble  in  alcohol 
with  the  production  of  a  viotet  liquid  (Zinin).  Inasmuch  as  the  last  reaction  is 
frvoured  by  the  presence  of  nitrous  add,  it  is  probable  that  the  resulting  product  is 
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(or  at  least  oontains)  Perkin  and  Chtirch's  azocUn^hthyMianuQe.  This  it  rendfnd 
the  mora  probable  because,  according  to  Zimn,  the  product  of  the  action  of  nUrie 
acid  IB  obtained,  on  evaporating  ite  solution,  in  the  form  of  crjrstAls  resembling 
mnrexide,  and  azodinaphthyldiamine  cryatalliBes  in  magnificent  green  crystals  baring 
somewhat  the  appeamnce  of  mnrexide,  but  miu:h  larger  and  finer. — II.  A  mixtnre  of 
nitric  and  sulphuric  adda  acta  violently  on  naphthylmine ;  on  the  addition  of  water  to 
the  mixture  flakes  are  depositedwhich  are  probably  nitronaphthylamine,  C**H*(NO')N. 
-~12.  Oxyehloride  ofphoaphorua  conTcrts  naphthyUmine  into  trinj^hthylphosphanude 
(Schiff).— 13.  A  solntion  of  acid  ckromate  of  potassium  added  to  a  solution  of  a  salt 
of  naphthylamine  yields  a  precipitate  containing  a  violet  colouring  matter. — 14.  A  solu- 
tion of  naphthylumiue  in  anhydrous  ether  when  treated  with  gaseous  cyanic  acid^  afibrds 
naphthyI-urea,C*'H'*NK>;  under  certain  circumstances  the  reaction  proceeds  differently, 
and  eolouzing  matters  are  formed  (Schiff). — 15.  An  alrohoUc  solution  of  naph^- 
lamine  combine  with  oil  of  musiardt  forming  aUyl-naphthyl-soIphocarbamidep 
C"H"N^  (Zinin).— 16.  With  suipMocyanaU  of  phenyl^  phenyl -naphthyl-salphocar- 
bamide  is  produced  (Eofmann). — 17>  When  an  alcoholic  solution  of  naphthjjrlamine 
is  treated  with  disulpkide  of  carvon^  or  when  it  is  heated  in  a  sealed  tube  wiUi  that 
reagent,  dinaphthyl-sulphocarbamide  is  produced  (Laurent,  Delbos,  Schiff).— 

18.  When  fused  naphthyUmine  is  treated  with^aMVTtw  chloride  ofcyano^tn^  heat  iagivm 
off  and  hydrochlorate  of  menf^)hthylamine,  C*H"N'.HCI,  is  formed  (Ferkin).— 

19.  With  the  iodides  &c.  of  the  alcohol-radicles,  methyl-naphthylanune,  ethyl-n^iJ)^ 
thjlamine,  &&,  are  formed.     (Schiff.) 

SAI.TS  or  KAPHTHTLAlUlfB. 

Bromkydrate  or  ffydrobromate,  C^K*S.KBt. — Obtained  by  deoompoain^  ■ 
ooncentrated  alcoholic  solution  of  sulphate  of  naphthylamine  with  bromide  of  potaasiun» 
or  barium.  The  solution  filtered  from  the  sulphate  of  barium  is  to  be  slowly  evaporated. 
CrystaUine  salt,  readily  soluble  in  alcohol,  moderately  soluble  in  water. 

ChlorhydrateoT  Hydrochlorate,  C"H"N.HCL — ^When  a  strong  solution  of  naph- 
thylamine in  alcohol  is  mixed  witii  hydrochloric  add,  the  whole  solidifies  to  a  mass  of 
hydrochlorate  of  naphthylamine,  consisting  of  small  shining  scales,  rather  freely  soluble 
in  water,  and  still  more  so  in  alcohol  and  ether.  It  sublimes  at  about  200"  with  only 
slight  decomposition  ;  the  sublimate  consiBts  of  very  fine  needles.  Like  the  sulphats^ 
the  dry  salt  is  not  decompoeed  by  exposure  to  the  atmoepbere,  but  the  solution,  or  tb« 
crystals  if  wet,  become  rapidly  decomposed,  with  production  of  a  red  colour. 

Chloromercurate. — ^When  a  solution  of  mercuric  chloride  is  added  to  an  alcobolio 
aolution  of  naphthylamine  or  of  its  salts,  a  curdv  yellow  precipitate  is  obtained;  it  i» 
soluble  with  difficulty  in  cold  alcohol,  but  is  deposited  from  a  boiling  solution  od 
cooling  in  crystals. 

Chloroplatinate. — A  yellow  precipitate  sh'ghtly  soluble  in  cold  water,  still  les» 
soluble  in  alcohol  and  ether.  It  crystallises  without  alteration  from  a  boiling  aqueoua 
solution  (Gerhardt).  Or  pouring  an  alcoholic  solution  of  hydrochlorate  of  naph- 
thylamine into  a  solution  .,/  platinic  chloride,  a  green  colour  is  developed,  and  the 
salt  is  deposited  as  a  bro^rnish  green-yellow  powder.     (Zinin.) 

^rf  ra<e,  G'*H*N.HNO'.—lfaphthylamine  dissolves  without  decomposition  in  weak 
boiling  nitric  acid  if  the  latter  be  free  from  nitrons  acid.  The  solution  becomes  however 
■lightly  reddish.    On  cooling  brilliant  scales  are  deposited  of  nitrate  of  naphthylamine. 

Oxalates.  1.  Neutralsalt. — CrystaUises  in  stellar  groups  consisting  of  small  laminM 
having  the  formula  2C'*H»N.C?H«0*.  It  yields  dinaphthylcarbemide  on  distillatioD. 
—2.  Acid  salt,  C"H»N.CHH)*.— This  salt  forma  in  white  warty  masaea,  readily  soluble 
in  water  and  alcohol.  When  submitted  to  destructive  distillation,  it  yields  a  raowniah- 
yellow  powder  soluble  in  alcohol  but  insoluble  in  water. 

Phosphates.  1.  Orthophos^hate, — Naphthylamine  treated  with  solution  of  phos-* 
phoric  acid  whic^  has  not  been  ignited,  forms  tills  salt»  which  is  readily  obtained  in 
crystals  even  when  dilute  solutions  of  the  base  are  treated  with  an  aqueous  Kolntion 
of  the  add.  It  rapidly  turns  red  by  exposure  to  the  air. — 2.  Metaphosphatc—Whtta 
an  alcoholic  aolution  of  naphthylamine  is  treated  with  solution  of  metaphosphorift 
acid  in  alcohol,  a  white  pulverulent  salt  is  obtained.  It  is  only  slightiy  soluble  in 
water  and  alcohol. 

Sulphate  of  Naphthylamine,  2(C^'''R*^).WS(y,mKy  he  formed  by  dissolviiw 
the  base  in  warm  sulphuric  acid.  Ko  crystals  are  obtained  on  cooling  even  to  0, 
but,  on  dilution,  the  whole  becomes  nearly  solid  with  small  scales  of  the  salt.  The 
same  salt  may  be  obtained  by  adding  sulphuric  aiud  to  a  solution  of  thiom^hthamattt 
of  potassium,  sodium,  or  ammonium,  and  genUy  heating.      It   crystallises  in  wliit% 
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■Qreiy  aeales  baTing  tlie  diagiuting  odour  of  the  base,  and  an  mad  reaetioii.  Wben  Siy 
It  may  be  kept  vithont  altention.  but  the  Bolution  deeomposes,  vith  prodnetian  of  a 
red  colour.  When  distilled  it  melts,  gives  off  enlphurous  acid,  and  leaves  a  resSduo 
of  carbon.  A  small  portion  of  the  base  distils  oyer  nndeoomposed  (Zinin).  It  is 
only  slightly  solnble  in  cold  water  or  alcohol,  but  freely  so  in  hot  alcohot 

Litimately  oonnected  vith  naphthTlamine  are  the  sabetanoes  which  Piria  discoTeredby 
actine  on  nitronaphthalene  with  sulphite  of  ammonium.  (See  Thionafstkaxxo  Acid 
and  NAFKTHioino  Acm,) 

8ub$tUutwn'der%vative»  of  Naphthytamins, 

A  Bromide  of  Ethyl-naphthflammonium,  C»*H»*KBr-(C"ff.C«H».H')NBr. 
—To  prepare  this  compound,  naphUiyUmine  is  treated  with  an  excess  of  bromide  oC 
•thyl  in  a  flask  so  connected  with  a  Liebi^'s  condenser  as  to  allow  the  volatilised 
brcnnide  to  return,  the  temperature  being  maintained  between  40°  and  60°  for  some 
hours.  The  contents  will  at  last  be  converted  into  a  reddish-brown  mass  from  which 
tiie  excess  of  bromide  of  ethyl  may  be  removed  by  diutiilation.  The  mass  is  then  to 
be  repeatedly  exhausted  with  boiling  water.  The  boiling  solutions  are  to  be  filtered,  and 
on  eooliuff,  the  bromide  of  ethyl-naphthylammonium  will  crystallise  out  (Sehiff).— 
2.  Kaphtfaylamine  inclosed  in  a  sealed  tube  with  excess  of  bromide  of  ethyl  and  kept 
Aht  ftrarteen  days  at  ordinary  temperatures,  becomes  almost  entirely  converted  into 
eiystals  of  the  bromide.     (Schiffl) 

Properties. — ^Pale  rose-coloured  dystals  which  do  not  become  colourless  on  recrystal- 
lisation.  The  salt  does  not  become  coloured  so  easily  as  naphthylamine.  Very 
■Ughtly  soluble  in  cold  water,  but  readily  soluble  in  hot  water,  alcohol  and  ether. 
(Sehifn 

Heated  with  hydrate  of  potasainm,  the  bromide  gives  naphthylamine  and  alooho^  in 
accordance  with  the  equation — 

N|c?H»lBr  +  KHO    -    ^j^^l  +  ^"(^   +  ^^'    (S«tift) 

fL  Iodide  of  Meihyl'naphthyl-ammonium. — An  attempt  to  nrepare  a  methyl 
oompound  l^  treatment  of  naphthylamine  with  iodide  of  methyl  failed,  the  product 
being  a  greasy  mass  which  would  not  czystallise. 

7.    Sulpkoeyanate    of    Phenyl-naphthyiammonium,      C"H"N^      a 
CfhT  k 

Gi*H*^OH*^C^ — Produced  by  the  direct  union  of  naphthylamine  with  snlpbo- 

crpmate  of  phenyl,  or  of  phenylamine  with  sulphocyanate  of  naphthyl  (p.  19).  It 
oystallises  mm.  its  boiling  solution  in  spangles  veiy  like  diphenyl-sulphocarbsmide; 
very  soluble  in  alcohol  and  in  ether.     (Hofmann,  Compt.  rend,  xlvii.  426.) 

C.  Q.  W, 

L — a.  MONOITAFHTETL-CABBAIIZDS  OT  NaIHTHTI.* 


C»H»N»0   -  (CO)nN«.    (See  Cabbamidms,  i  764.) 
H» 


^'1 


$.  DnuPBTHTi^-OABBUfiDB.    CarbonaphtAolide,  C"'B}'^JPO  »    (CO)"  IJP.  (Del- 

H«  J 
boa,  Ana  Ch.  Fhy*.  [8]  xxi.  68. — Zinin,  Ann.  Ch.  Fhaim.  eriii.  228).— Obtained, 
1.  By  healing  the  neutral  or  acid  oxalate  of  naphthylamine  (Delbos).  Binaphthyl- 
ozamide,  CHSt^'NK)',  is  first  formed,  and  afterwards  resolved  by  increased  heat,  into 
earbonie  oxide  and  dmaphthyl-carbamide. — 2.  By  boiling  dinaphUiyl-Bnlphocaibamide 
vith  alooholie  potash  (Delbos) : 

C"E}'!Pa  +  HK)  «  CnH^WO  +  H«S. 

8.  By  heating  dmwhthyloxamide  for  a  long  time  above  its  melting  pointy  or  aub- 
adtting  it  to  dry  distillation  (Zinin); 


(C"H')»)  (C»HnM 

(C'O'rlN*    -        (C0)''[N' 


+  CO. 


It  is  most  advantageously  prepared  &om  acid  oxalate  of  naphthylamine,  which  most 
bo  heated  to  complete  fusion ;  the  yellowish  mass  which  distilfl  over  is  then  freed  from 
Ba|ditbyUmine  hj  repeated  boiling  with  alcohoL 
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Biaaphthyl-carbcuiudo  m  a  pure  white,  light  and  slightly  silky  miisa,  insoluble  in 
water,  veiy  slightly  soluble  in  boiling  alcohol.  It  quickly  turns  red  when  exposed  to 
the  ain  and  distils  with  partial  carbonisation  at  a  temperature  above  300^.  When 
difitilled  with  phosphoric  anhj/dridcy  it  yields  i^ajiate  of  naphthyl,  together  with  other 
product!. 

(C"H7) 

a.AZ0DXMAFHTBTL-DUlCZirB.    C*H"N"- 


H       j 


(Perkin  and  Church,  Chem.  Soc.  J.  xvL  207). — ^A  base  produced  by  treating 
bydrochlotate  of  naphUiylamine  with  nitrite  and  hydrate  of  potassium  in  the 
proportions  indicate  by  the  equation : 

2(C»HW.Ha)  +  KHO  +  KNO«     -     C-ffW  +  2Ka  +  8HH). 

A  dark-coloured  precipitate  is  thereby  formed  which  when  recrystalUsed  once  or  twice 
from  boiling  alcohol,  yields  asodinaphtbyl-diamine  in  splendid  needles,  having  a 
bright  green  metallic  reflection.  It  melts  at  130°  to  a  blood-red  liquid  having  a  green 
metallic  lustre,  and  bears  a  considerable  degree  of  heat  without  decompoeition.  It  ia 
insoluble  in  cold  wUrr;  colours  boiling  water  yellow;  dissolves,  bat  not  very  freely,  ij> 
alcoholj  ether^  and  benzene,  even  at  boiling  heat.  Most  acidt  colour  the  solutions  deep 
Tiolet ;  but  tbe  original  oninge-red  tint  is  restored  by  alkalis,  and  even  by  water.  Ow 
of  vitriol  colonts  the  dry  crystals  dull  green,  changing  to  deep  bine  on  addition  of  a 
trace  of  water.  Strong  nitrie  acid  dissolves  the  base,  forming  a  brown  sdution 
which  afterwards  changes  to  brownish-red,  and  water  then  throws  down  a  browB 
precipitate. 

Axodinaphthyl-diamine  forma  three  hfdroehhrates^  viz.  (C'*H**N')*.HC1,  crystallis- 
ing in  ehininff,  golden-brown  prisms ;  C"IH'*N*.HC1,  in  dark  purplish-red  crystals ;  and 
C^H^IT.aHCl,  in  bulky  crystals  yellow-brown  by  transmitted  light,  and  having  a 
green  lustre  when  wet  The  tvlphaie,  (G"H*'!N')B*SO*,  forms  greemsh-brown  crystals 
having  a  golden  metallic  Ins^e. 

Azodinaphthyl-diamine  boiled  for  some  time  with  potash  is  partly  reconverted  into 
naphthylamine.  By  prolonged  boiling  with  hydroehhrie  add,  it  is  slowly  decomposed, 
yielding  hydrochlorate  of  n^hthylamine,  and  a  substance  soluble  in  potaah.  When 
treated  with  hydrochloric  acid  and  gmnulated  tin^  it  is  decolorised  and  yields  one  or 
more  new  bases  not  yet  examined.  With  citraconie  acid  it  yields  a  soud  subvtaneo 
probably  consisting  of  axodinapbthyl-citraconamie  acid. 

By  using  a  double  proportion  of  nitrite  of  potassium,  Ferkin  and  Church  (Chem. 
Soc  J.  Ix.  1)  originally  obtained  a  dark-colourvd  substance  which  they  regarded  as 
nitroso-naphthalene,  C'*H^(NO);  but  subsequent  experiments  have  shown  that  it  was 
not  a  definite  product,  but  merely  impure  azodinaphthyl-diamine. 

Benzoyl-azodinaphihyl-diamins,  C»'H"N»0  -  C"H"(C'H*0)N",  ia  produced  by 
heating  azodinaphthyl-diamine  with  chlimde  of  benzoyl.  It  forms  oriUiant  red 
crystalB,  -rvn  stable  and  capable  of  melting  without  decomposition.  It  ia  insoluble  in 
water,  dissolves  slightly  in  boiling  alcohol,  with  yellow  colour,  which  is  daricened  but 
not  changed  to  violet  by  a  large  excess  of  hydroddorie  acid.  Dissolvea  in  snlphnrifl 
acid  with  deep  blue  colour;  is  nearly  insoluble  in  ether,  but  may  be  ciystalb'sed  from 
benzene  or  from  chloride  of  benzoyl  Dissolves,  with  orange  colour,  in  ^coholic  potaah 
or  soda,  and  is  partially  decomposed  by  continued  boiling  with  potash  f<^owed  by  th« 
action  of  hydrochloric  acid. 

The  chlorides  of  acetyl  and  eumyl  appear  to  form  similar  products  with  aaodini^h- 
thyl-diamine. 

iS.  KBHAPSTHTLAHDra,C**H''N',mayberegardedascyano-dinaphthyl-diamintt 
(wirf.  i^f.). 

WAVKTSTXr^OmXAXXBa.  C>>HVO  -  N.H(GHOXC"H'X  See  FosMib- 
xmn  (ii  681). 

VAraTBTA-OXAanxias.    See  OxAXiDB. 


jrA9BTST&-VBOSVBAa8Z»a.     See  PHOSFHAxnm. 

ITAFHTH 1  l»-SPXPKOC ABWftlffrDML     See  SinLPHOCARBAMtDBS. 

WAgHTH  1  Jt'TITT  A  MTMrXg,  a.  CAHBODIMAPHTHTL-TBLLimaL    Hexafhtktla- 

C^     ) 
Mom.  C"ff  >«"  -  (C»H7  [ N».  (Perkin,  Chem.  Soc  Qo.  J.  ix.  8.)— Thia  compound, 

H-      ] 

CN  ) 
which  may  alio  be  regarded  as  cya$uhdinaphthyl4iamine,  (C^'H*)'  [  N*,  ia  formed  m  % 


i 
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llJflroehlor<*^  by  the  nctioa  of  chloride  of  cjiwingrii  on  nuphthylftmin*  ^gCH^X  -^  < 
CNCl    M  C*H"N'.HCh,  the  tnnde  of  formation  bring  ptvciMly  ana)(»guaji    to  t^^^B 
nalanilintf,  or  carbo-diph«>nyNthamiDe,  from  aniline.     To  prvpan  it,  eiuioobn  chl 
of  cyanoeeo  is  dmvn  h^  bo  upintor  throagfa  a  nQrot>er  of  gUsa  tuoM  Mrtlj  I 
with  napbthylamioe  vhich  is  kept  in  hi«ioii  by  the  urplicMtion  of  a  gvntitf  be«t ; 
restJting  black  rcvioous  toium,  consisting  chiHIy  of  by«irochiormt«  of  menapbthylAa 
is  boiled  vitb  s  large  quantity  of  vater;  the  bsM  is  predpHated  from  the  snlntioa 
ammonia  or  potaah ;  and  the  pvrdpitate  is  porifled  by  wauiog  vith  waitrr,  &ud 
two  cryetoUisations  from  alcoboL 

Menapbthylamine  cry8t«lli»M  in  small  white  Defdlee,  baTing  a  bitter  ta«t«, 
smell,  nearly  huoloble  in  iMZlcr,  aolnble  in  alcohol  and  in  tther.     It  brcomra  « 
in  the  air,  wnd  blnea  reddened  Ixtmns.   It  melts  at  alwut  200°,  and  dw^mposee  at  : 
giTing  off  napbthylamioe  and  learing  a  brown  moaa.     It  appettn  to  form  neutral  < 
potinds  with  chiorwe^  iodinr  and  brvmrnt,     Vfith  fuminff  9ulpkune  arid  it  first  for 
Bulphnte,  but  on  heating  tkp  mixture,  it  UqoHLea  and  a  new  acid  is  produced  ' 
forma  a  soluble  lead-sialt. — Fun-ivg  nitric  attd  acts  very  slowly  on  Dieimplitby* 
forming  a  seriea  of  subatitutioo- prod  sets.      Ckrortuc  acid  ads  but  slowly.     Vjf 
(jas  passed  through  ether  in  which  meosphtbyUmine  is  sospended,  conrerta  it. 
dieyanom  en  aphth  rUm  inf. 

Menapbthylumme  unites  with  oodk,  forming  salti  many  of  which  arcamorphoua  or  bvt 
flligbtly  crystalline.  They  an  bat  sparingly  soluble  in  water,  and  nentnu  to  litmus- 
paper.  They  are  precipitated  by  aeias  and  by  saline  solntions  :  ttotaah  and  amnywiift 
aild«>d  to  their  salutions  precipitite  the  base  as  a  pers  white  powder. 

The  hudrochli'Taie,  C'll'^N'.HCl.  is  amorphoos  and  rery  solullo  in  alcohol  Mid 
ether.  The  ckloropiatiiiaU,  2(C"H"N*.Ha).PtC]*,  is  dopusitod  fMm  alcoholic  solu- 
tions in  small  yclluw  shining  scales.  The  chloro-aurate  is  a  blue  precipitate.  Tha 
hydriodiUe^  Aydrohnrmaie,  phoaphate  and  nitratr  are  cryst&lliae,  thu  last  forming  aouaU 
white  prisms,  and  dissolve  easily  in  alcohol  and  in  ether.  The  mUpkaU  is  amoz^oiyi« 
and  moderately  soluble  in  alcuhol  and  in  etlier. 

$.  DiCYAKo-JTBifAPBTHTi-oainfc  C^H'TJ*  -  C^H'^NrCy*.— Produced  m  abore 
described  by  the  actiun  of  gaseous  chloride  of  cyanogen  on  menaphtbylaminesiupeodMl 
in  ether.  It  is  pale  yellow,  crystallises  with  diffimlty,  is  insoluble  in  watiT,  mt>demt«!]y 
soluble  in  alcohol  luid  in  ethfr,  diseolT«s  easily  in  dilute  scidM,  and  is  rrprecipiljited  fa^ 
ammonia  if  added  immediately  afterwaids;  but  the  sulotioo,  if  \vU  to  itself  fur  uoiy  a  few 
seconds,  becomes  turbid  and  depoeits  cyaaodinaphthyl-oxamide,  C^H'^fi  'U^  (P  e  rk  i  % 
Ivc.  cit.) 

VAPBTHTXt-mtSA.    Syn.  with  NATHTHTL-rtttBtwrna. 

VAP&SS  TlB&&0197i  A  basic  antimonate  of  lead  used  in  oil-painting.  (S«« 
A>niMo.'*ATBJi,  i.  326.) 

l^APOl.EOM'XTB.    Syn.  with  OTthoclase.     (See  Fklspaa,  il  610.) 

KARCunrii.  C»H»NO».  (Pelletier.  Ann.  Ch.  Phya.L  262.— Couerbe.  ibid. 
lix.  161.— An  demon,  Edinb.  pJiiL  Trans,  kx.  Pt.  3,  p.  347.)— An  alkaloid  oon- 
tuini'd  in  opium.  To  proptuv  it,  the  aqueous  pztnct  of  opium,  frT>m  which  mor}ihiij« 
has  been  separated  by  Gregory's  procoM  (iii'  1051),  is  mixed  with  HoomDiiin,  which 
throws  <lowD  niLTcotine,  thpbaine,  and  a  resinoos  body.  The  liquid  in  filtt>rvd  md<] 
mixed  with  ucetdte  of  lead;  and  the  filtrate,  after  being  fretd  from  excess  of  load  by^ 
sulphuric  acid,  is  neutralised  vith  ammonia  and  erBporaied  till  it  Utcomes  eorered 
-with  a  pellicle.  It  then  on  cooling  deposits  a  aystsUine  mass,  the  quantity  of 
which  increases  by  repose.  This  maas  is  washed  on  a  linen  filter  with  cold  water,  and 
then  dissolved  in  boiling  water,  which  on  cooline  deposits  crystals  of  narcpine. 

Narceine  thias  obtained  sometimes  contains  sulphate  of  calchim  ;  it  may  be  pnrified 
by  dissuWing  in  alcohol,  decolorising  with  animal  charcoal,  and  rticxystallising  from 
water. 

Narceine  crrsUlliscs  in  elorignted  mllcy  needles.  It  is  inodoroai,  boa  a  bitter  and 
styptic  taste,  dissolves  ii[)sringly  in  cold,  more  readily  in  boiling  ttnafer.is  Tmr  soluble  in 
alvu/toi,  but  insoluble  in  ether.  The  solutions  of  narceine  sli^tly  deflect  the  plane  of 
polarinatioa  uf  a  luminous  my  to  the  left;  [a]  «  —6*67°. 

Narceine  melts  at  92*^,  and  rolidifies  in  a  ctystolliae  mosi  on  cooling.  It  turns 
yellow  at  11U°,  and  decomj>o8iJ»  at  higher  tempeniturea.  It  is  TJolently  attackwl  by 
chlorine  and  hrvmirtf.^  yielding  very  complex  products.  Todin*  forms  with  narceine  a 
dirk  blue  compound  which  in  decomposed  by  boiling  water. 

PotOMh,  soda  and  ammonia  dissolTS  narceine,  which,  on  eooeratnting  the  solntioni, 
is  deposited  in  the  form  of  an  oily  liquid. 

Strong  mineral  acids  act.  ponvrftitly  on  norceins  and  d^tcompoee  it;  the  same  acids 
When  dilute  combine  with  it  and  form  salts. 

The  ^uljikate  forms  tuf^b  of  uiedleb  much  resembling  the  free  base.     It  is  sparingly 
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■olnble  in  boiling  water.    The  nitrat4  separatoB  from  a  hot  solution  in  radiating  gronpi 
of  crystals,  q)aringl3r  soluble  in  cold  water. 

The  hydrocMonite,  C^H^NO'.HCl  (at  100°)  crystallises  sometimes  in  ooocentncallj 
grouped  needles,  sometimes  in  short  irregular  prisms.  The  crystals  are  very  soluble  in 
water  and  alcohol,  and  have  an  acid  reaction.  The  chloroplatmaU,  2(C**H*N0*.HC1). 
FtCl*  (at  100"^),  gradually  separates  on  adding  pladnie  chloride  to  hydrochlorate  of 
narceine,  as  a  crystalline  powder,  or  in  small  prismatic  crystals  (analysis,  41*0  per 
cent  C,  4  6  H,  and  14-38— 1476  Pt;  calc  41-2  fi,  4-6  H  and  14-7  Pt). 

MAMOMTXaMm  An  alkaloid  produced  by  the  action  of  snlpburie  acid  and  peroxide 
of  lead  on  narcotine^  It  is  dissolved  by  strong  sulphuric  acid  with  a  fine  red  colour,  and 
by  nitric  acid  with  a  fine  yellow  colour.  Sy  the  prolonged  action  of  the  oxidising 
mixture  it  appears  to  be  converted  into  opianie  add.  (Marchand,  Bezs.  Jahresber. 
XXV.  607.) 

VASOITZn.  A  substance  possessing  emetic  properties,  contained  in  the  white 
narcissus.    (Jonrdain,  B6p.  Fhum.  [2]  xxi  338.) 

MAMOOOMMXMM,  When  a  solution  of  narcotine  in  hydrochloric  acid  is  boiled 
with  platinic  chloride,  the  product  generally  formed  is  chloroplatinate  of  cotaraina. 
Sometimes  however  another  platiaum'salt  is  formed,  czystallising  in  long  light  yellow 
needles.  This  salt  is  supposed  by  Blyth  (Ann.  Ch.  Pharm.  L  29)  to  be  vxe  chloro* 
platinate  of  a  distinct  alkuoid,  nareogettine.  As  however  this  salt  is  decomposed  bj 
ammonia  into  chloroplatinate  of  narcotine  which  is  precipitated,  and  chloroplatinate 
of  cotamine  which  remains  dissolved,  it  is  probably  merely  a  double  salt  composed  of 
the  chloroplatinates  of  narcotine  and  cotamineu 

VAXCOTSm.    Syn.  with  NAJtcvmnL 

WABOOTIO  ACZD.  An  acid  said  to  be  formed  by  boiling  narcotine  with 
potash.    It  appears  to  differ  from  narcotine  only  by  the  elements  of  water  (p^  27). 

VAmcOTZVB.  C*'H'^0^  (Derosne,  Ann.  Ghim.  xlv.  257;  Robxquet,  Ann. 
Ch.  Pbys.  V.  276;  Dumas  and  Pelletier,  ilfid,  xxiv.  188;  Pelletier,  ihid.  1.  269; 
Liebig,  Ann.  Ch.  Pharm.  vi.  36:  R.  Brandes.  ibid.  ii.  274;  Couerbe,  Ann.  Ch. 
Pbys.  lix.  169;  Kegnault,  ibid.  Ixviii.  137;  Wohler.  Ann.  Ch.  Pharm.L  1 ;  Blyth, 
t6u^L29;  Wertheim,  t^.  Ixx.  71;  Ixxiii.  208;  Anderson,  ibid,  Ixxxvl  179; 
Hattheissenand  Foster,  Phil  Trans.  1863,  p.  346;  Chem.Soc  J.  xvi.  342.— Gm. 
xvi.  136 ;  Oerh.  iv.  67.) — This  alkaloid  is  contained  in  opium  to  the  amount  of  6  or  8 
per  cent,  and  was  the  first  base  extracted  from  that  substance.  It  was  discovered  by 
berosne  in  1804,  and  went  by  the  name  of  Sel  de  Derosne,  till  its  basic  character 
was  demonstrated  by  Robiquetin  1807. 

preparation, — 1.  From  the  coloured  uncrystallisable  mother-liquors  obtained  in  the 
preparation  of  morphine  by  Or^ory's  process  (iii.  1061).  These  mother-liquors  are 
diluted  with  water,  fUtered  if  necessaiy,  and  treated  with  ammonia  as  long  as  a  precipi- 
tate continues  to  form ;  and  the  precipitate  is  collected  on  a  cloth  filter  and  pressed. 
It  is  granular  at  first,  but  becomes  resinous  if  left  under  the  press  too  long.  It  should 
therefore  be  quickly  removed,  suspended  in  water,  and  pressed  again,  the  treatment  being 
repeated  several  times.  The  precipitate  contains  narcotine  together  with  a  considerable 
quantity  of  resin  and  a  little  thebaine  ;  the  mother-liquor  contains  narceine  and  mar 
be  used  for  preparing  that  bsse.  A  portion  of  the  precipitate  is  now  to  be  boiled  with 
rectified  spirit  and  the  solution  filtered  hot ;  on  cooling  it  deposits  strongly  coloured 
crystals  of  narcotine,  which  are  collected  on  a  cloth,  pressed,  and  washed  with  a  little 
alcohoL  The  mother-Uquor  of  these  crystals  serves  to  dissolve  another  portion  of  Uie 
precipitate,  and  in  this  manner  the  process  is  continued  till  the  whole  is  dissolved.  The 
impure  crystals  of  narcotine  are  next  rinsed  with  stmng  potash-ley,  washed  with  water, 
and  cryatalliBed  from  boiling  alcohol.  The  alcoholic  liquor  from  which  the  first  highly 
coloured  crystals  of  narcotine  were  deptwited,  contains  much  resin,  a  little  narcotine  and 
all  the  thebaine  of  the  opium,  and  may  be  used  for  the  preparation  of  that  alkalo'id. 
(Anderson.) 

2.  Narcotine  may  be  extracted  directly  from  opium  by  treating  that  substance  with 
ether.    The  solution  left  to  evaporate  deposits  narcotine  in  the  crystaUieed  state. 

Properties. — Narcotine  crystallises  in  right  rhombic  prisms  or  in  needle  grouped  In 
bundles,  flattened,  colourless,  transparent  and  lustrous.  It  melts  at  170°  and  solidifie* 
again  at  130°,  in  the  crystalline  or  amorphous  state,  according  aS  the  cooling  is  slow  or 
rapid.  It  is  insoluble  in  cold  ttfO^;  boiling  water  dissolves  ^^  of  it  Alcohol  and 
ether  dissohe  it,  but  not  -^e^ry  freely.  According  to  Duflos,  it  dissolves  in  100  pta. 
cold  and  20  pta.  boiling  alcohol  of  85  per  cent.,  in  126  pts.  cold  and  48  pta.  boiling 
ether  of  specific  gravity  0'736.  The  solutions  are  bitterand  destitute  of  alkaline  reaction. 
Narcotine  dissolves  in  26  pts.  chloroform  (Pettenkofer),  in  60  pts.  acetic  etbef 
(Henry),  aiao  iu  oiU,  both  fixed  and  volatile. 
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The  aleoholie  or  «then«]  aohition  of  nsxcodne  deflecti  the  plaae  of  poUriaitiott  at  a 
Inmisoiu  nr  strongly  to  the  left ;  [a^  »  —  ISO^  6'  neariy.  Acids  mooify  the  nUtocy 
power  considerably,  altering  the  denation  from  left  to  ri^t,  (Bonehardatt  Abb. 
Ch.  Phya.  [3]  ix  213.) 

Nareotine  u  not  dissolved  by  canstie -potosA  or  ammonia.  Its  solntioiis  do  not  pio- 
Ince  a  bhie  colour  with  ferric  salts,  a  character  which  serres  to  distinguish  it  from 
morohine.    (See  also  the  reactions  with  Solphnric  and  Nitric  Adds,  if^fra.) 

Narcotine  sets  as  a  narcotic  poison,  thongn  not  so  powofoUy  as  morphine;  1*5  grm 
«f  it  is  sufficient  to  kill  a  dog  in  a  very  short  time. 
Narcotine  contains : 

MatthiMMu 
CakmlmM.  Lleblf.       Pell«U«r.      RegBMilC.    Hoftnann.     and  FtMUr. 

Mtmm. 

C"  264  63-92  6409  63*91  6425  64-53  6379 

H»  23  5  57  5-50  5*45  5-96  6-21  5-81 

N  14  3-39  2-.51  431  8  49  330  3-33 

0'  112  27*12  27-90  2633  26-30  2596  27  08 


C"H*"NO*    418       lOOHM)       10000       100*00       100-00       10000       100*00 

The  composition  of  narcotine  wu  first  determined,  to  the  graeral  satisfactioci  of 
ebemists^  by  Blyth.  who  in  1844  proposed  the  formula  €^W*NO'* or  CH^NO',  snjH 
porting  it  by  numerous  analyses  of  the  cbloroplatinate,  and  showing  at  the  same  time 
that  it  accorded  well  with  the  most  tmstwortby  results  cS  prerioos  inrestigations,  and 
accounted  satisfactorily  for  the  most  important  transformations  of  narcotine,  especially 
itsresolution  under  the  infinenceof  oxidising  aaents,  intoopiimic  acid  (C'*H'*0*)  and  oo- 
tamine  (then  regarded  as  C'R^NO").  Accordingly  Blyth  s  formula  was  for  a  long  time 
regarded  as  expressing  correctly  the  composition  of  narcotine.  Wertheim,  howeTrr, 
in  1851 — founoing  his  opinion  chiefly  on  the  composition  of  the  volatile  bases  obtained 
by  distilling  narcotine  with  potash,  some  specimens,  according  to  his  obserrationa, 
yielding  methylamine,  some  eUiylamine,  and  others  tritylamioe — maintained  the  exis- 
tence ^  two  additional  Tariclies  of  narcotinn  homol<^u8  with  that  examined  by 
Blyth,  and  represented  respectively  by  the  ftirmulw  C«H"NO'  and  CH^NO';  wbUe 
Hinterberger  (Ann.  Ch.  Pharm.  Ixxxii.  312)  analysed  a  compound  of  mercurio 
chhnide  with  what  be  considered  a  fourth  Tariety  still  homologous  with  the  preceding, 
and  repreeented  by  the  formula  C'H^'NO'.  Matthiessen  and  Foster,  on  theother 
band,  found  that  six  samples  of  narcotine  prepared  from  different  kinds  of  opium,  Tur^ 
kish,  Egyptian,  and  Persian,  yielded  results  agreeing  very  nearly  with  the  formula  abore 
giren*  uie  difference  between  the  hifihest  and  lowest  quantities  of  carbon  in  the  analyses 
amounting  to  only  0-63  per  cent.  Hence  th<nr  conclude  that  there  is  no  sufficient  eri- 
denoe  for  the  existence  of  more  than  one  kinaof  narcotine,  and  that  it  is  more  probable 
that  one  and  the  same  narcotine  (since  when  distilled  with  hydriodic  acid,  it  yields 
8  at.  iodide  of  methjl,  p.  27)  may  jrield,  by  distillation  with  potash,  sometimes  methyl- 
amine,  sometimw  dimethylamine,  and  sometimes  trim  ethy lam  ine,  which  last  app^us 
to  hare  been  mistaken  bv  Wert heim  for  its  isomer,  thtylamine. 

Pecompofiiions. — 1.  Narcotine  becomes  coloured  when  heated  a  few  d^^ees  abore 
its  melting  point.  At  220^  it  swells  up,  givra  off  ammonia,  and  leaves  humopio  acid* 
Heated  to  200°  with  water  in  a  sealed  tube,  it  dissolves,  forming  a  reddish  very  bitter 
liquid. 

2.  Strong  sulphurie  acid  dissolves  it,  forming  a  yellow  liquid  which  turns  brown 
when  heated.  According  to  A.  Husemann  (Ann.  Ch.  Pharm.  cxxriiL  305;  BAp. 
Chim.  pure,  1863,  p.  284),  narcotine  added  to  cold  sulphuric  acid,  colours  it  bluish- 
Tiolet  or  yellow,  which,  if  the  liquid  be  gently  heated,  changes  to  orange-red,  then  to 
Tiolet-blue  at  the  edge  of  the  basin,  and  lastly  to  violet-reo.  This  reaction  is  very 
distinct,  if  the  sulphuric  acid  contains  1  pt.  in  2,000  of  narcotine ;  and  even  if  it  con- 
tains only  1  pt.  in  40,000,  a  slight  carmine  colour  is  still  perceptible,  passing  into  vio- 
let-red.— A  solution  of  narcotine  in  cold  sulphuric  acid  becomes  reddish-yellow  on 
addition  of  nitric  acid.  With  hypochlorite  of  sodium  the  same  colour  is  produced,  but 
preceded  by  a  carmine  tint  If  the  solution  has  been  heated,  both  reagents  immediately 
prod'ice  a  light  yellow  colour,  becoming  slightly  reddish  after  a  while.— A  solution  of 
narcotine  in  sulphuric  add  previously  heated,  acquires  on  addition  of  ferric  chloride 
a  dark  red  colour,  changing  to  cherry-red,  which  lasts  for  24  hours  (compare  Seadiont 
of  Mnr^Mnt,  lit.  1052).  Dilute  sulphuric  with  the' aid  of  heat,  trsnsfbrms  it  into  a 
green  substance,  sulphonarcotide,  containing  the  elements  of  neutral  sulphate  of 
narcotine  minits  2  at.  water. 

3.  Chlorine  gas  attacks  narcotine,  especially  at  100",  converting  it  into  an  amorphous 
fttbstanee  which  has  not  been  analysed. 

4.  In  hromine-vapoitr^  narcotine  *s  coloured  orange-yellow;  in  iodine-vapour^  brown- 
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yellow ;  in  -raponr  of  cAloride  of  iodine^  rcnmUioii-red  to  yellow  (Doas^).    Tb«  mIU 
of  naicotine  are  not  coloured  bj  aqneons  iodic  add, 

6.  Narcotine  diatilled  with  concentrated  hydriodie  acid  ffiree  off  iodide  of  methyl, 
in  the  proportion  of  3  at.  CH*!  to  1  at  narcotine.     (Matthietisen  and  Foster.) 

6.  According  to  unpublished  experimentB  br  Matthienen  and  Foster,  narootine  yields 
large  quantities  of  chloride  of  methyl  when  hfated  to  abont  110°  with  strong  aqneoQs 
hydroehlorie  acid.  The  resulting  solution  contains  an  alkaloid  which  differs  from  nar- 
cotine in  being  perceptibly  soluble  in  hot  water,  from  which  it  sepaimtes  on  cooling  as 
a  crystalline  precipitate,  and  by  its  ready  solubiUty  in  solutions  of  the  alkalis  or  alkidina 
carbonates.  The  composition  of  this  product  is  not  yet  ascertained  with  certainty,  but 
seTfral  analyses  seem  to  point  to  the  formula  C>*H>'NO'  -  0«*H"NO*  +  8HC1  - 
8CH"a 

7.  Kareotine  is  not  dissolTed  or  decomposed  by  dilute  aqueoui  potatk,  eren  at  the 
boiling  heat,  but  when  boiled  for  some  time  with  strong  potash-ley,  it  forms  a  bitter, 
soluble,  oily  substance  which  appears  to  be  the  potassium-salt  of  a  peculiar  add  (nar^ 
cotie  acid).  An  alcoholie  solution  of  potash  dissolves  narcotine  in  such  quantity  as  to 
form  a  semi-solid  mass.  The  acid  contained  in  this  potassium-salt  cannot,  however,  be 
isolated ;  on  passing  carbonic  acid  gas  into  the  alcoholie  solution,  a  transparent  jelly  ic 
gradually  formed,  which,  when  washed  with  alcohol  and  suspended  in  wator,  leures 
crystals  of  narcotine.  Hence  narcotic  acid  i^pean  to  differ  from  narcotine  only  by  the 
elements  of  water. 

8.  Narootine  heated  to  200° — 220°  with  hydrate  of  potastium  or  stxtfum,  gives  off  a 
volatile  base,  which,  according  to  the  drcumstances  of  tne  experiment,  is  either  methyl- 
amine,  dimethylamine,  or trimethylamine.  According  to  Hofmann  (Ann.  Ch.  Phsrm. 
Ixzv.  367),  the  products  vary  according  to  the  proportion  of  the  narcotine  and  hydrate 
of  potassium,  an  oily  alkali  boiling  at  a  much  higher  temperature  usually  floating  on  the 
surace  of  the  trimethylamine. 

9.  Dilute  nitrio  add  dissolves  nareotine  at  ordinary  temperatures  without  decompo- 
sition; but  on  heating  the  solution  to 60°,  it  depositscrystatlineflocksof  teropiammone, 
the  solution  retaining  meconin,  opianic  acid,  hemipinic  add,  and  ootarnine,  the  pro- 
portions of  these  products  varying  with  the  degree  of  dilution  of  the  nitric  add.  In 
this  reaction,  the  opianic  acid  and  cotaraine  must  be  regarded  as  primary,  the  other 
substances  as  seoondary  products : 

C«*H«WO'     +     0     -     C'»H»*0*     +     C"*H'«NO« 
MarcoUoe.  OpUnieactd.  CoUrnla*.  * 

The  meconin  might  also  be  supposed  to  be  f<nined  by  the  breaking  up  of  the  narco- 
tine, thus: 

C«H»NO»     -     C»H'»0*     +     C>*H"NO« 
Kwcotiiie,  MseoDln.  CoUunta*. 

or  at  the  expense  of  the  opianic  add : 

2C»H»*0»     -     C»«H»0«     +     C"H>*0» 
OpUaic  add*  Meconin.  BMnlpiotc  acid. 

The  hemipinic  add  may  also  be  formed  by  forther  oxidation  of  the  opianic  add. 

Strong  nitrie  add  acts  violently  upon  narcotine,  giving  off  copious  red  fumes,  and 
forming  a  thick  red  resinous  matter.  Gerhardt  found  that  when  narcotine  is  gently 
heated  with  strong  nitric  add,  no  red  vaponn  are  evolred,  but  an  inflammabU  gas, 
probably  nitrate  of  methyl 

10.  when  a  solution  of  narcotine  in  hydrochloric  acid  is  boiled  with  platinic  chloride, 
the  narcotine  is  resolved  into  cotahiino  and  opianic  acid,  the  platinic  chloride  being  at 
the  same  time  redaced  to  platinoua  chloride : 

C«H«^0»  +  HH)  +  2PtCa»  «  C>»H»"NO"  +  C»H»*0»  +  2Pta  +   2Ha 
Msrcocloe.  CoUrnlne.       Opianic  add. 

11.  The  same  products  are  formed  by  the  action  of  a  mixture  of  peroxide  of  man- 
ganese and  eulpkuric  acid  (Wohler).  On  one  occasion  Wohler  obtained  also 
apophyUio  add  (I  360) ;  and  by  heating  narcotine  with  peroxide  of  lead  alone,  or 
with  peroxide  of  manganese  and  hydrochloric  add,  hemipinic  add  (iiL  141)  was  p>o- 
ducea  A  solution  of  sulphate  of  narcotine,  boiled  with  peroxide  of  lead  and  eulphuria 
•mc2  added  drop  by  drop,  forms  narcetine  or  narcotei'ne.  (£.Harchand:  see  p.  26.) 

12.  Narcotine  does  not  reduce  ferricyanide  of  poiaeeium  in  alkaline  solution,  and  m 
thereby  distinguished  from  morphine,  which  reaucps  the  red  to  the  yellow  prussiato 
(Kief  fer,  Ann.  Ch.  Fharm.  dii.  277).  When  heated  with  absolute  auiobol  and  iodide 
of  ethyl,  it  is  partially  converted  into  hydriodate,  but  does  not  yield  any  substatution- 
produet   (How,  Ann.  Ch.  Fharm.  x<^  827.) 
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8&LW  ov  KABOomnL  Karootine  diasolvea  in  aci<U,  bat  the  solutioiu  bare  lifcd* 
•tftbiHty,  dcpontiog  the  greater  part  of  Uie  narcotine  on  eTapontttoa  and  oft«ii  on 
addition  of  water.  Uany  of  them  az«  soluble  in  alcohol  and  in  ether.  Thcj  arp 
bitter,  and  redden  Utntns.  Mixed  with  tartaric  aeidj  and  then  aaperBatnrated  with  an 
alkaline  bu^ar6<male,  they  immediately  ^iald  a  white  polTemlent  precipitate.  Btdpho^ 
euanate  of^  potassium  prodaoee  in  solutione  of  narcotine,  a  deep  red  precipitate,  eren  if 
the  quantity  o(  narcotine  present  is  extremely  small ;  the  precipitate  is  solable  in  • 
■liffht  excess  of  the  solphocjanate.    (Oppermann,  Compt  rend.  xxi.  811.) 

Karootine*salt8  give  no  precipitate  with  fitumlicie  alookol  fiii.  1064) ;  with  phospko' 
mwlybdie  acid,  they  yield  a  brownish-yellow  floccolent  precipitate ;  with  phosphanti* 
monie  aeid^  a  white  floccolent  precipitate. 

Acetate  of  Narcotine,  Very  onstable,  the  solution  prepared  in  the  eold. 
depositing  narcotine  when  eraporated.  This  property  mar  be  made  arailable  fcv 
•eparating  narcotine  £ram  morphine,  the  acetate  of  which  is  not  decomposed  by 
er^wration.  Basic  acetate  ot  lead  likewise  precipitates  narcotine  from  its  solution  in 
acetic  acid. 

Chlorhpdrate  or  Hydrochlorate, — Vezy  soluble  in  water.  CiystaHises  in 
needles  frcmi  its  alcoholic  solution  on  eoolin^  or  from  the  aqueous  solution  eraporated 
to  a  symp,  and  left  fat  some  time  in  a  warm  chamber.  According  to  liebig,  100  pis. 
narcotine  absorb  9*62  pta.  of  dry  hydrochloric  add. 

When  a  strong  acid  solution  of  h^drochlorate  of  narcotine  is  poured  into  water,  n 
■emi-flnid  precipitate  is  pioduced  which  gradually  solidifies,  and  is  soluble  either  in  • 
a  larger  quantity  of  water  or  in  hydrochloric  acid.  A.  similar  precipitate  is  formed  on 
gradually  adding  an  alkali  to  a  solution  of  hydrochlorate  of  narcotine.  This  precipi- 
tate oontains  hydrochloric  add,  and  is  perhaps  a  basic  hydrochlorate  of  narcotine. 
(Matthiessen  and  Foster.) 

Ckloromcrcurate,  2CC«H»"N0'.Ha).Hg^CP  (?)  White  predpitaU,  which  wnen 
dried  over  the  water-bath,  and  then  dissolTod  in  a  mixture  of  alcohol  and  hydrochloric 
acid,  deposits  small  crystals,  containing^  according  to  Hinterberger  (Ann.  Ch. 
Pharm.  tzxxii.  311),  43*64  p.  c.  C,  3*90  H,  and  18-02  Hg.  The  formt£i  above  given 
requires  Aft'l  C,  4*7  H,  ana  17  ^t  numbers  which  do  not  agree  very  well  wi£  the 
analysis;  Hinterberger  assigns  to  the  salt  the  formula  C"H"N0\HCl.Hg01,  supposing 
it  to  contain  a  narcotine  different  from  ordinary  narcotine  (see  p.  26). 

Chloroplatinate,  2(C«H«N0'.HCl).PtCl'.— Obtained  by  precipitating  hydro- 
borate  of  narcotine  with  platinic  chloride,  taking  care  not  to  add  an  excess  of  the 
latter.  It  separates  in  yellow  flocks  or  as  a  yellow  ciystalline  predpitate  containing 
16'80  par  cent  platinum  (Blyth),  16-95—15-72  (Wertheim),  16*89  (Begnault), 
16*88  ^ow),  the  above  focmula  requiring  16*99  per  cent. 

lodomercurate. — ^lodomercnrate  of  potassium  throws  down  from  hydrochlorate  of 
narcotine,  a  yellowish-white  powder  containing  2  at.  mercmy  (Hg  «*  100)  and  3  at. 
iodine  to  1  aL  narcotine.    (Groves,  Chem.  Soe.  Qo.  J.  xi.  97.) 

PAo0pAa^«o/narco<if»e  is  a  tuipentine-Iike  mass  containing  crystals  (Br  a  nde  a). 

Sulphate. — A  solution  of  narcotine  in  dilute  sulphuric  add  yields  by  evaporation 
a  Tisdd  substance  which  gradually  hardens ;  it  dissolves  in  water  without  decomposi- 
tion. 

Sulphonareotide,  C**H"N'80"  (?)  is  a  product  of  the  decomposition  of  sulphate 
of  narcotine  (p.  26).  When  narcotine  moistened  with  water  is  heated  with  dilute 
•tilphurie  add,  a  solution  is  obtained  which,  when  more  strongly  heated,  assumes  a 
dan-green  oolour  and  ultimatelv  thickens.  No  gas  is  evolved.  On  diluting  with  water 
and  tailing,  nearly  the  whole  dissolves,  and  the  liquid  on  cooling  deposits  an  amor- 
phous powder  of  a  deep  green  colour.  It  appears  to  contain  the  elements  of  neutral 
sulph^  of  narcotine  minus  2  at.  water : 

C«H"N«SO'»  -  2C»«H»N0'.H«S0«  -  2H«0 

It  gave  by  analysis  69*1  per  cent.  C,  6*3  H,  and  3*6  S,  the  formula  requiring  59*6  C» 
60  H.  and  3  6  S. 

Sulphonarcotido  is  not  attacked  by  ammonia.  It  dissolves  in  potash,  forming  a  brown 
liquid  from  which  acids  reprecipitate  it  with  green  colour.     Boiled  with  nitric  aeid^  it 
yields  salphuric  add  and  a  yellow  substance  solable  in  ammonia.     (Laurent  and 
Gerhardt.  Ann.  Ch.  Phys.  [3]  ixiv.  112.) 
Syn.  with  Pitchblbkdb. 
Syn.  with  Sodidk. 

Impure  carbonate  of  calcium,  occurring  at  Sangershansen 
in  psendomorphs  after  Gay-Lussite.  Harchand(J.  pr.  Chem.  xlvi.  96)  found  in  these 
CKystals  91-37  caldc  carbonate,  116  alumina  and  feme  oxide,  2'02  caldc  sulphate,  I'lO 
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diT,  and  1-84  water  (ts  09'98).    A  variety  containing  barytic  snlt^iate  haa  been 
nlled  fitfo^fpe  bj  Breithaapt    Sp.gr.  -  2-82—2*88. 

VATXO&Zra.  Soda-metotype.  Feather  TecUte.  Yeaieiiea:  BeiyfHannite{8pre^ 
»tan)^  Lehuntite^  Bremeite. — This  mineral  forms  trimetric  prisma  with  pTramidal 
aammita,  exhibiting  the  combimition  ooP  .  F  .  |  P  ;  also  with  Poo .  Ratio  of  axea, 
«:  A:  c  «  0-7166  :  1  :  10176.  Angle  odP  :  odP  «  91®.  Cleavage  perfect  parallel 
to  wP.  The  crystala  are  nsuallj  slender,  often  acicnUr,  frequently  interlacing,  diver- 
gent, or  steU^«.  It  also  occnra  fibrons,  radiating,  and  massire.  Hardness  »>  6  to  fi*&. 
Sp.  gr.  »>  2*17  to  2*24.  Transparent  to  translucent  Lastre  ritreoas.  Colourlees,  grey, 
yeliow,  sometimes  red  or  Dale  green.    Streak  white.     Fracture  conchotdal.     Brittle. 

Analyses:  a.  Prom  Hohentwiel  in  the  Ho^n  (Klaproth.  Beitrage^  v.  44).— 
h.  AuTergne:  crpftallised  (Fuchs,  Schw.  J.  nii.  353). — c.  Tyrol:  massiTO,  fibrotu^ 
reddish- white  (Fncbs,  ibid.). — d,  Trezza,  near  Ad  Gastello  in  SicUy:  white,  spherical 
concentrically  fibrous  masses  (S.  v.  Waltershau^en,  Vtdkanische  &e<^n«, p.  269). — 
e.  Brerig  in  South  Norway:  tiie  so-called  Srevidte:  crystalliaed,  according  to  O.  Rose, 
in  the  form  of  natzolite  (Seheerer,  Pogg.  Ann.  Ixr.  276 ;  Ixxxix.  26  ;  criii  4,  6).— 
/.  Bergmannitey  firom  Brevig:  reddish-wtiite  (Scheerer^ — g.  BadiolUet  from  Brerig 
(Scheerer). — A.  LekunUte  from  Antrim  in  Ireland  (Thomson,  Mineraloffy,  i.  338). 
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6. 

c. 

tf. 

*. 

/. 

€• 

A. 

SiUea    .        .        . 

48-00 

48-17 

48-63 

43-68 

47-16 

47-97 

48-38 

47-33 

Alumina 

24-25 

2661 

24-82 

27-77 

2613 

26-66 

26-42 

24  00 

Lime    « 

, 

017 

, 

1-78 

0-63 

0*68 

0-44 

1-62 

Soda     .        .        . 

16-50 

1612 

15-69 

12-23 

1660 

1407 

13-87 

13-20 

Polaah . 

•    • 

,     , 

, 

3-61 

, 

,    , 

1-64 

,     . 

Water   .        . 

900 

9-13 

9-60 

11-27 

9-47 

9-77 

9-42 

13*60 

Ferric  oxide  . 

176 

•    • 

0-21 

,     , 

0-53 

0-73 

0-24 

,    , 

Magnftffiw       • 

0-29 

-     . 

•    • 

.    • 

MUif^UOOlA                    • 

'      '    * 

'    * 

'     " 

"     * 

99-60  100-10    98*96  100-68     9942    9988  100-31     99*66 

The  analyses  a— ^  mav  be  represenedb^  the  formula  NaH).Al'0'.3SiO*.2HK),  which 
is  that  of  a  hydrated  aoda-labradorite  (iii.  460) ;  if  the  water  be  regarded  as  baaic,  it 

may  be  reduced  to  that  of  an  orthosilicate  (Ka*Al'H*)Si*0".  Lehuntite  (A),  so  £ar 
as  the  analysis  can  be  depended  upon,  appears  to  be  the  same  with  1  at.  water  addi- 
tional. 

An  iron-nairoliU  having  the  alumina  partly  replaced  by  ferric  oxide,  and  the  soda 
by  ferrous  and  manganous  oxides,  occurs,  together  with  breridte,  at  Brerig  in 
liorway,  in  dull  green,  opaque, prismatic  crystals  and  sem^-crystalline  plates  containing 
46-54  per  cent,  suics,  18-94  alumina,  7'48  ferric  oxide,  14*04  soda  with  a  little  potash, 
2*40  ferrous  oxide,  066  manganons  oxide,  and  9*37  water. 

Natrolite  occurs  in  cavities  in  amygdaloi'dal  trap,  bas&lt,  and  other  allied  rocks ;  also 
in  seams  in  granite  or  gneiss.    It  is  sometimes  altered  to  prehziite. 

WATKOV.  Native  carbonate  of  sodium,  Ka'CO'.lOHK)  (see  Cabbokatbs,  i  794^ 
JSatron  is  also  the  Oerman  name  for  soda. 


VATKOW-SVOBITMBVa.    Syn.  with  Ouooguljb.. 
V AVMtAJf  Ji  !¥■■     Native  selenide  of  silver  (see  Siltbb). 

WBOTAJU    The  sweet  juice  which  collects  in  the  nectaries  or  discs  of  variou 
flowers.    It  appears  to  be  coiefly  a  solution  of  cane-sugar  and  unciystallisable  sugar. 

irB»PTi«-OBBi     Native  sulphide  of  bismuth,  lead,  and  copper  (see  AciciTLnx 
i.  37). 

A  variety  of  Arragonite, 
See  ScoLBcm. 
Syn.  with  Nephxuk(p.  30).  ^ 

Syn.  with  Brucite  (i.  684). 
\,    See  ScosoDiTB. 

A  mineral  occurring  in  mines  at  Arendal  and  Eironaeh,  m  stellate 
oups  of  silky  fibres,  also  massive,  with  green  colour  and  silky  or  earthy  lustrcw 
ardness  —  1  to  2.     Spedfic  gravity  -  277  (perfectly   dried).     The   following 
analyses  are  by  Scheerer  (Pogg.  Ann.  Irri,  286): 

8iO»  AIH>>         MgO  KeO         MnO        CaO  H«0 

I.  Arendal        5228        7'33       31-24       379       089      0-28      404    =    99  85 


MnO 

ChO 

0-89 

0-28 

2-64 

•      • 

2.  ..  47-36       1027      24*73      7'92      264      .      .       6*28    =    9919 

3.  Eisenach      61'25        9-32      2992      080      ,     .      1-92      6-60    -    99-71 


The  m!iMnI  maj  be  renzded  as  s  mixture  of  the  ieomorphou  compoand* 
/(B*0.«SiO*.2H*0  and  6B*0.4A1'0*.2HK),  the  abmina  «nd  eiliea  lepUcuig  on* 
another  in  the  proportion  of  2A1K)'  to  3SiO'  (see  iii  433). 

Keolite  U  a  recant  formation  prodaced  hj  the  agen<7  of  inilltratiog  witen  pairing 
orer  roclu  containing  magneeia. 

sraOV&ASB.  Native  fenoso-feiric  aolphate  fonnd  at  Fahlun  in  Sweden :  ajn. 
Vith  BOTBTOOBN  (i.  661). 

MUOTOMJmSm  A  black  or  brown-black  amorphonB  mineral,  ocenring  at  Oi»- 
bole  in  Finland,  and  apparently  pxodneed  by  the  weathering  of  other  mineraU.  Con- 
taina,  according  to  IgeUtrom,  3669  per  cent  silica,  26*08  ferric  oxide,  24-12  manganio 
oxide,  0*40  alnmina,  2*90  ma^esia,  066  lime,  and  1037  water  (oi  99-U).  When 
heated  before  the  blowpipe,  it  gives  off  water,  but  does  not  foae.  {SammeUber^^ 
Minerakhemte^  p.  864.) 

A  varietj  of  natrocaldte  containing  baryta  (p.  28). 
PHB&IV.       Sommite,    CavoliniU^   Seudanite. — Elaolite,    FctUteint  Pierr$ 


orasse.  A  silicate  occurring  in  prisms  belon^jing  to  the  hesagonal  system,  and  exhibit- 
ing  the  combination  oo  P  .  oP  .  P  (fig.  240,  ii.  139),  mostly  howsTer  without  P ;  occa- 
sionally also  with  the  fSues  ooP2,  odP|,  and  others.  For  P,  the  length  of  the  rerticai 
axis  is  0-8376.  AngleP:  Pin  the  terminal  edges  •  139°  19';  in  the  lateral  edges  =-88°  6*. 
Cleavage  imperfect  parallel  to  oP  and  oep.     Also  massive,  compact,  and  thin  columnar. 

Hardness  »  6*6  to  6.  Specific  gravity  2*6  to  2-64.  Lustre  vitxeons  to  greasy. 
Colourless,  white,  or  yellowish;  the  maHsive  varieties  also  dai^  green,  greenish  or 
bluish-grey,  browiush  and  brick-red.  Transparent  to  opaque.  Fracture  subconchoidal. 
Brittle. 

The  name  n^kelin  includes  the  colourless  crystaUised  varieties ;  eltBoliie,  the  coarae 
massive  varieties,  with  a  greasy  lustre. 

Before  the  blow-pipe,  nephelin  melts  with  difficulty  to  a  vesicular  glass ;  eUeolxte 
easily.  Both  dissolve  slowh^  in  borax,  and  give  with  cobalt-solution  a  greyish-bloe 
ooloor  on  the  fiised  edge.     Both  gelatinise  easily  in  acids. 

Analy$e$. — 1.  Of  Nephelin.  a  From  Vesuvius  (Scheerer,  Pogg.  Ann.  xlvi.  291 ; 
xlix.  369). — 6.  From  thedolerite  of  the  Katzenbuckel  in  the  Odenwald(Seheerer» 
loe.  eit). — 0.  From  Lobau  in  the  Lansita  (Heidepriem,  J.  pr.  Chem.  1.  600). 

2.  OfElnolite. — a.FinmFredriksviLminKorway  (Scheerer,  joe.nt).— 6.BreTig 
in  Norway  (Scheerer). — c.  Miaskin  the  Ural(Scheerer). — d.  HagnetCove,  Arkan* 
•as  (Smith  and  Brush,  Sill  Am.  J.  [2]  xvi.  866): 

VepktUm,  BUnUU. 


Graen.      Browa.      Brown.       Wbtte.       Fletb* 


SiHca       .        .    44-04      43*70      43*60      46*23      46*63        44*46       4418      44*46 
Alumina.        .    8406      82'81       32-83       32*66      32*06       31*84       3318       30'97 


Feme  oxide 

.      0-44 

107 

1-42 

0-56 

1-41 

Ml 

0-69 

2*09 

Soda.      . 

.    16-91 

16*83 

1413 

16-71 

16-97 

16*71 

16-86 

16-61 

Potash     . 

.      462 

6-60 

6-08 

6-66 

4*76 

617 

6*76 

6-91 

Lime  . 

.      201 

0-84 

3-66 

0-38 

0-40 

0*28 

0-29 

0-66 

Magnesia. 

■ 

.     . 

Oil 

, 

•     • 

•    • 

0*07 

, 

Water      . 

.      0-21 

1-89 

0-32 

0*61 

0*78 

207 

0*46 

0-96 

101*19     10074     100-39     100*76     100-91     100*64      10047     100*66 

Scheerer  found  also  a  trace  of  sulphuric  add  in  nephelin ;  Bromeis  found  a  txace  of 
chlorine. 

The  preceding  analyses  lead  to  the  formula  4llP0.3SiO* -f  2(2A1>0*.3£0*)   « 

l£*Xl'AS''0'*,  or,  as  most  of  the  analyses  give  1   atom  potash   to  3  atoms  soda, 

^•Al*(JK.jNa)*0**.    The  quantitv  of  lime  is  variable  and  insi^ificaot 

Nephelin  occurs  in  crystals  in  the  older  lavas  of  Veeuvius,  with  mica,  idocrase,  &e. ; 
also  at  Cape  di  Bove  near  Bome,  and  the  other  localities  above  mentioned.  Elseolite 
is  found  imbedded  in  the  zircon-syenite  of  Brevig.  Stavem,  and  Fredericksvam  in  Nor- 
way ;  also  with  felspar,  mica,  zircon,  pyrochlore,  sc.,  in  the  Bmen  mountains  in  Siberia ; 
also  at  litchfleld,  in  the  State  of  Maine,  with  cancrinite;  and  in  the  Ozark  mountaini^ 
Arkansas,  with  brookite  and  schorlemite. 

Nephelin  and  eleolite  easilv  undergo  alteration,  producing  zeolites,  such  aa 
Bergmannite  or  Tfaomsonite ;  the  large  amount  of  soda  in  these  minerals  fits  them 
eiq>mally  for  this  mode  of  transformation. 


NEPHRITE— NERVOUS  TISSUE-  SI 

Ou$eekite,  a  min«nd  occnning  in  greenuh-grey  njE-iided  prisiDB  bftrinff  a  grciy 
Instre,  hu  been  ehovn  by  Blam  to  be  a  peendomorph  after  thu  speciee,  di&ring  horn 
it  merel}r  in  containing  4*88  per  cent,  water.  Blnm  also  conaidera  li^mtriU  (iiL  689) 
as  a  similar  peendomorph.    £l»oUte  has  been  observed  altered  to  mica. 

WMBMMTrM,  Jade  in  part,  BnUtein. — A  hard,  compact,  light  green,  Uuish,  or 
whitish  stone,  tmnslucent*  tongh,  breaking  with  a  splintery  fractun  and  glist«ning  sur- 
face. Hardness  <■  6 — 7>  Specific  gravity  —  2-9 — 3'1.  It  belongs  to  the  horn- 
blende &mily,  bnt  varies  in  composition,  and  is  not  a  distinct  mineral  species. 

Analyses:  a,  b,  c.  From  the  East:  a.  Kastner  (Gehlen's  J.  ii.  459). — h.  Schaf> 
hantl,  Ann.  Ch.  Fharm.  zItl  388). — e,  Rammelsberg  (Fogg.  Ann.  IziL  148).— 
d.  Damour,  Ann.  CL  Ffays.  [3]  xvi.  469). — e.  Scheerer  (Fogg.  Ann.lzzxiv.  379),— 
/.  From  Kew Zealand:  Punama  stnns;  green  (Scheerer,  loc.  ciQ : 


•. 

h. 

«. 

A 

#. 

/. 

Silica    .        .       . 

.  60-00 

68-88 

5488 

68-24 

67-88 

67-10 

Alumina 

.  10-00 

1-66 

.    , 

,     , 

0-68 

0-72 

Ferrous  oodde 

.    6-06 

2-53 

216 

114 

1-36 

8-39 

Manganons  oiidd  • 

>    ■    ■ 

0-80 

1-39 

Magnesia       ,        • 

,  81-00 

22-39 

2601 

2714 

26-88 

23-29 

Lime     . 

•     •    • 

12-61 

1606 

11-94 

12-20 

13-48 

Fotash 

■    ■     > 

0-80 

Water  . 

.    2-75 

0-27 

0-68 

•    • 

2*66 

2-60 

Chromic  oxide 

.    006 

09-35        99-74       10097        98-46       10004       10048 

If  the  first  analysis  be  left  out  of  consideration,  nephrite  appears  to  have  nearly 
the  oomposition  of  tremoUte  (see  Hobnblbo)!,  iii  169). 

Nephrite  occurs  in  connection  with  talcose  rock  or  slate  and  granular  limestone.  In 
China,  New  Zealand  and  North-weet  America,  it  is  worked  into  images  andomamenta. 
The  name  is  from  W9pp6s  a  kidney,  the  stone  having  been  formerly  supposed  to  be  a 
core  for  diseases  of  the  kidney. 

jrxxou;  OZ&  or  BOSawoa  or.  Oil  of  Orangs-fiowers^—k  Tolatile  oil 
obtained  by  distilling  orange-flowers  with  water.  It  is  nearly  colourless  when  fresh, 
but  soon  turns  red  on  exposure  to  light.  According  to  Soubeiran  and  Capitaine 
(J.  Fharm.  xvii.  619),  it  is  composed  of  two  distinct  oils,  one  of  which  has  a  very 
fragrant  odour,  and  dissolves  abundantly  in  the  orange-flower  water  which  passes  over 
in  the  distillation,  while  the  other  is  nearly  insoluble  in  water,  and  occurs  only  in  the 
oily  portion  of  the  distillate.  The  flrst-mentiooed  oil  is  reddened  by  sulphuric  acid, 
and  communicates  this  property  to  the  entire  essence.  According  to  Dobereiner,  oil 
of  neroU  produces  a  peculiar  acid  by  contact  with  platinum-black.  Nitric  add  colours 
the  oil  brown. 

NeroU'Camphor,  According  to  Boullav  (J.  Fharm.  xiv.  496)  and  Flisaon  {tbid, 
XV.  162,  XX.  63  X  oil  of  neroli  mixed  with  alcohol  of  90  per  cent,  deposits  a  solid  sub- 
stance melting  at  50°  insoluble  in  water,  sparingly  soluble  in  boiling  absolute  alcohol, 
very  soluble  in  ether.  Boullay  and  Flisson  found  in  it  83'76jper  cent,  carbon,  16-09 
hydro^n,  and  1*16  oxygen;  it  is  probably  a  hvdrocarbon. — For  further  details  re- 
specting the  oil  and  camphor,  see  QnulitCs  Handbook,  xiv.  386-388. 

rasVOUV  TIBSirS.  (Yauquelin,  Ann.  dumus.  d'hist  nat  1811,  p.  212. — 
Conerbe,  Ann.  Ch.  Phys.  [2]  Ivi  164.— Fr6my,  ibid.  [3]  ii  463.— Lassaigna, 
J.  Chim.  m6d.  [21  i.  344. — V.  Bibra,  Untersuchungen  ubcr  das  Gehim  dca  Menschen 
w%d  der  WirbeUk$ere. — W.  Hnller,  Die  ckem.  Besiandtk.  dcs  Gthime, — ^Breed,  Ann. 
Ch.  Fharm.  Ixxziii.  p.  124.) 

The  nervous  system  of  the  higher  animals  is  composed,  for  the  most  part,  of  nerra- 
fibres  and  nerve-cells  or  nerve-vesicles,  the  former  being  found  in  the  nervee,  and  in 
the  **  white  matter  "  of  the  brain  and  spinal  cord,  the  latter  in  the  "  greymatter"  of 
the  same,  in  the  ganglia,  and  in  some  of  the  peripheral  organs  of  sense.  The  peculiar 
"electric  organs'  ofoertain  fishes  must  be  considered  aspart  of  the  nervous  system  (see 
ELSCrrBlcZTT,  ii.  470).  The  nerre-fibre  consists  of — 1.  A  *'  sheath,"  probably  analogous 
in  nature  to  elastic  dssue. — 2.  A  hollow  i^linder  or  "  medullaiy  substance,  a  mixture 
of  some  farm  of  albumin  with  various  &tty  bodies,  having  a  homogeneous  appearance 
during  life,  and  undergoing  a  kind  of  coagulation  after  death. — },  A  eentral  stem  or 
"  axis-cylinder,"  composed  of  some  protein-compound  or  compounds  with  little  or  no 
fat,  thought  by  many  to  be  fluid  during  life  and  to  conflate  spontaneously  at  death. 
There  are  also  other  "  gelatinous  "  fibres  having  a  difi^erent  stractore.  The  typical 
nerve-vesicle  consists  of : — 1.  An  envelope  probably  continuous  and  identical  in  nature 
with   the  nerve-sheath. — 2.   A  nucleus  (with  nucleolus). — 3.  *' Contentsi,**  probably 
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composed  of  80TDC  proteiD-ffubntanee  with  hXtj  and  other  gKumlen.  The  TirirliM  or 
cells  vary,  howeTer,  exceedingly  in  form,  size,  &c 

The  reaction  of  living  nezre  is  during  inaction,  neatml  (uni^uchnmiatic) ;  dnruis 
strong  action,  acid ;  the  reaction  of  dead  nerre  ia  acid  (Fnnke,  Arch.  Aoat^  Fbja. 
1859,  p.  836).  Dn  Boia-Reymond  foond  the  electric  organs  of  MalapUrum* 
neutral  immediately  after  death,  bnt  becoming  add  on  the  third  day  {^ind.  p.  847)- 
Nerre-subatADce,  unlike  mnade-Bubetance,  beeomee  acid  when  boiled. 

The  specific  grarity  of  the  "  white  matter  "  is  1-041,  of  the  "  pey  "  1-034, 

Vr^my  reprusent^i  100  pta.  of  cerubral  sulwtiince  aa  consiEding  of  SOwatar,  6  fill* 
7  albumin,  and  8  extractives  andsalta.  t.  Bibra  gives  76'6  percent,  water,  andficoni 
12  to  16  per  cent.  fat.  The  "  white  matter  "  contains  less  water  than  the  "  gre^,"  thft 
mean  of  tlie  former  being  73  per  cent,  of  the  latter  85  per  cent.  The  '*  white  "  la 
richest  in  fat,  poeseasing  14'8  per  cent,  while  the  "grey**  has  only  4*7  per  cent, 
(Lassaif;;ne).  AccordingtoT.  Bibra,  the  spinal  cord  contains  lees  water  ana  more  ftt 
than  the  brain,  rix.  66  per  cent,  of  water  and  26  per  cent  uf  fat  while  the  nerves  again 
have  less  water  and  more  fat  than  the  spinal  cord,  though  the  quantitios  aeern  to  fWry 
excessively.  8chloHBberger(MiillerB  Arch.  1858,  p.  309)  gives  the  brain  of  ftMtna 
aa  containing  from  87'9  to  92*6  per  cent,  of  water  and  firom  1-6  to  3*7  per  cent,  of  £at^ 
resulta  very  cloeely  agreeing  witii  those  of  t.  Bibra. 

In  100  pts.  of  fresh  brain,  Breed  found  0*027  aah,  in  100  pts.  of  which  ' 


Phosphate  of  Potasfiium    . 

.    65-24 

Chloride  of  Sodium  . 

.    4  74 

„         „  Sodium 

.    22-93 

Sulphate  of  Potassinm 

•    1-64 

„          „  Iron     . 

.       1-23 

PhoHpboric  acid  (free) 

.    9*15 

„          „  Calcium 

.       1*62 

Silicic  acid 

.      -42 

„  Magnesium  . 

.      8-40 

Xo  department  of  physiological  chemifitxy  has  been  so  little  studied,  or  stndifd  with 
BO  little  profit,  as  that  of  the  nervoua  tissue.  Exact  knowledge  conceming  the 
protein-compounds  in  it  is  wbuUy  wanting.  The  eubt^tance  forming  the  axis-rj-linder 
beems  to  belong  to  the  same  series  aa  fibrin  and  syntonin  (myosin) ;  it  diffi'ra  from  the 
former  by  its  insolubility  in  a  solution  of  nitre,  Lmtr.  the  latter  by  its  insolubility  in 
dilute  acids.  The  protein  constituent  of  the  medullary  substance  and  of  the  eeU-con- 
tf'nts  seems  to  be  some  form  of  soluble  albumin.  It  haa  been  thought  to  be  caaeiii. 
Our  acquaintance  with  the  peculiar  fatty  bodies  ia  also  very  unsatiafiu*tory.  Beaidea 
cholesterin,  which  occurs  to  the  extent  of  20  per  cent  of  total  fut  (v.  Bibra),  olein, 
Htearin,  and  palmitin,  there  hare  been  obtained  various  bodies  whose  nature  is  modi 
disputed.  (See  Cbbbiirotk,  Cvphalotx,  Mtklik,  Steabocoxotk,  rRRXBunr,  Ckbxbbio 
Acid,  Oleophosfhobic  Acid,  Oltcbbophosfhoiuc  Acid,  Lecttkix.) 

W.  Hiiller  found  in  human  brain  a  small  quantity  of  creatine,  0*05  gnn.  in 
4  pounds;  in  ox*brain  he  found  no  creatine,  but  a  bodv  renembling  leucine,  together 
with  uric  add  and  xanthine  or  hypoxanthine.  He  also  found  in  the  same  bnin  a 
very  considerable  quantity  of  inosite,  20  grms.  in  60  pounds.  Both  t.  Bibra  and 
W.Muller  found  lactic  acid,  the  latter  obtaining  12  gms.  from  ffOponnda.  Lor  en  a 
(Uenle.-Meissner,  1859,  p.  290)  found  no  creatine,  leucine,  inosite,  or  tactic  acid; 
he  obtained,  however,  both  xanthine  and  hypoxanthine.  Hers  (t^.  1860,  p.  311) 
corroborate*  UuUer.  II.  Schultae  found  urea  and  creatinine  in  the  electric  organa 
of  the  torpeda  Formic  and  acetic  acid  are  said  to  be  obtained  by  distillation  of  the 
wateiy  extract  of  brain.  The  presence  of  the  above  cryataUine  bodies  indicatea  a 
metamorphosis,  very  similar  to  that  which  probably  takes  place  in  muscles ;  but  we 
know  nothing  of  the  various  steps.  The  large  amount  of  phos^orus  in  nervous 
tissue  (1-388—1*79  per  cent  of  dry  brain-sub^ance  according  to  Sorsarelli)  haa 
prompted  many  to  attribute  much  to  that  particular  element  Mental  effi>rt  ia 
said  to  increaso  the  phosphates  of  the  urine ;  but  whether  directly  or  indirectly  ia 
uncertain. 

Neukomm  (Arch.  Anat  Phys.  1860,  p.  1)  found  in  human  brain  in  variona 
diseases,  lendns^  creatine,  and  inosite,  the  latter  at  times  in  very  notable  quantitiea. 
Tyrosine  was  invariably  absent  0rohe  (Mod.  Centr.  1864,  p.  870)  found  glycogen 
(without  sugar)  in  the  brain  of  a  diabetic.  H.  F. 

nvsO&ira*  A  flbrona  mineral  from  Stamatead  in  Lower  Canada,  containing, 
according  to  Thomfon,  73*00  per  cent  silica,  17*35  alumina,  3*25  lime,  1*5  miigncaia» 
and  4-3  water. 

Syn.  with  Ibidoskinb  (iii.  324). 

Manganic    hydrate  (iii.   810)  from  Neukirchen  in  Alaaoa, 
where  it  forms  a  coating  on  red  hrematite. 

See  CuLOBONicific  Acui  (i.  921). 


NICKEL.  aa 

symbol  Ni,  Atomic  Weight  68'8. 

This  metal  ia  closely  allied  to  iron  and  oobah,  and  ia  awmnlaffil  with  them  in 
meteoritea  aa  weH  aa  in  most  of  its  terreatrial  oras.  Tho  inincipal  ore  of  nickel  ia 
the  proto-arsenide.  KDi''As,  a  copper  oolooied  mineral,  to  voich  tne  German  minen, 
having  in  Tain  attempted  to  extract  copper  from  it,  nre  the  name  of  kup/er-niekel, 
OT  false  copper.  This  mineral  was  found  by  Gronste<u,  in  1761,  to  contain  a  peculiar 
metal  which  he  called  nickel. 

Nickel  also  occurs  as  diarsenide  (tekiU  niekd  pyrites  or  otoanthiW) ;  arsenate 
{nickel-bloom  or  animbergite) ;  antimonide  (breitkaupiits);  arsenio-snlphide  (^ert- 
dorffite  or  nicici-gianee) ;  antimonio-snlphide  (uUmanite) ;  as  oxide,  sulphide  (capH' 
lory  pyrites  or  miiieriie),  sulphide  of  nickel  and  bismuth  (^runovtte),  nuphide 
of  nidcel  and  iron ;  carbonate  {emeraid-nickel),  sulphate  {pyromeliH)  and  aiiicata 
{pimelite), 

PremaOoH, — PHncipally  from  eopper-nickel  and  from  «p«iM.  Speiss  is  a  deposit 
fbrmed  in  the  pots  In  which  roasted  arsenide  of  cobalt  mixed  with  oopper-nidcd  ia 
fused  with  carbonate  of  potaasium  and  pounded  qnart^  for  the  preparation  of  smalt  in 
the  blae-eolour  works;  it  collects  below  the  bine  glass  in  the  form  of  &  metallio 
alloy,  the  nickel  not  oxidising  so  easily  in  roasting  as  the  oobalt«  It  oontains,  beeidsa 
nickel,  principally  iron,  cobalt^  manganese,  bismuth,  antimony,  arsenic,  and  sulphur. 
The  following  are  some  analyses  of  speiss:  a.  of  unknown  origin  (Berthier);  h, 
from  Bohemia  (Anthon,  J.  pr.  Chem.  ix.  12);  c.  fh>m  Henninger^s  German-silTat 
works  I  this  sample  has  been  pieriously  purified ;  its  structure  was  coarsely  laminar. 
(Francis,  Pogg.  Ann.  1.  619.) 

Ni.      Ca      Ft.      Cu.     Bl.       Sb.         Ai.        S.     Sud. 
o.    49*0    3-2     ..    1-6    .    .    tanee    37'8    78    0^    -      100*0 
6.     36-2     1-3      1-1     1-5    21-6     •    .      20^    69    .  .     i-        08*4 
«.    62-6    8-3   101 84-1    1-0    ..     «      101 

The  eopper-nickel  or  the  speiss  is  generally  roasted  in  a  state  of  powder  (at  a  gentle 
heat  at  firat,  to  prevent  it  from  buang  t<^ther),  whereby  the  greater  part  of  the 
arsenic  is  removea,  the  nickel  oxidated,  and  a  saving  of  nitno  add  thus  efifected  in  the 
sulwequent  treatment.  Since,  however,  the  roasting  process  leaves  a  portion  of  the 
arsenic  combined  with  the  ni^el  in  the  form  of  arseuc  acid,  the  roasted  ore  must  be 
several  times  intimately  mixed  with  charcoal  dust  and  again  roasted,  as  long  as 
vapours  of  arsenic  continne  to  be  evolrad.  Erdmann  moistens  the  roasted  speiss  with 
watAr  and  places  it  in  a  cellar  for  some  time,  whereby  it  is  rendered  more  easily 
soluble. 

The  further  separation  of  the  arsenic  and  other  metals  may  be  effected  by  one  ol 
the  following  procMsee : 

1.  Laugier  dissolves  the  roasted  copper-nickel  or  the  speiss  in  nitric  acid,  passes 
sulphuretted  hydrogen  through  the  dilute  acid  solution  ull  all  the  arsenic,  copper, 
bismuth,  and  antimony  are  precipitated ;  then  filters;  precipitates  all  the  iron,  cobalt, 
and  nickel  with  carbonate  of  sodium ;  washes  the  precipitate  thoroughly,  and  treats  it 
first  with  oxalic  acid  and  then  with  ammonia,  aa  desoribea  with  reference  to  the  prepara- 
tion of  cobalt  (L 1 040),  repeating  the  solution  of  the  nickel-oxalate  in  aqueous  ammonia, 
till  the  liquid  which  stands  above  the  resulting  precipitate  no  longer  exhibits  a  rose- 
colour,  and  is  almost  wholly  free  from  cobalts 

2.  Berthier  dissolves  roasted  speiss  or  roasted  oopper-mdel — together  with  the 

auantity  of  iron  found  by  previous  experiments  to  be  necessary  for  the  separation  of 
tie  arsenic  add — In  boiling  nitromnriatic  add  containing  excess  of  mtrie  add; 
evaporates  the  solution  to  d^ess ;  treats  the  residue  with  water,  which  leaves  a  large 
quantity  of  ferric  arsenate  undissolved :  and  adds  carbonate  of  sodium  to  the  flltmte^ 
stirring  all  the  while,  till  the  precipitate  begins  to  exhibit  a  green  tint :  the  whole  of 
the  ferric  arsenate  is  thereby  thrown  down,  together  with  part  of  the  cnprie  oxide.  If 
the  predpitate,  which  is  wmte  at  first,  does  not  ultimately  turn  brown,  it  is  a  sign  that 
the  quantity  of  ferric  oxide  present  is  not  sufficient  to  cany  down  the  arsenic  add 
with  it;  consequently,  more  ferric  chloride  must  be  added,  and  the  ferric  oxide 
again  cautiously  predpitated  by  carbonate  of  sodium.  The  filtrate  is  next  treated  with 
smphvdric  add  to  predpitate  the  rest  of  the  copper;  the  liquid  filtered  firom  ^e 
sulphide  of  copper  is  completely  predpitated  at  a  boiling  heat  by  carbonate  of 
sooium ;  the  predpitate,  consisting  of  the  carbonates  of  nickel  and  cobalt,  thoron^hlj 
washed  and  diffused  in  water ;  chlorine  gas  passed  through  the  liquid  as  long  as  it  la 
absorbed ;  the  solution  exposed  to  the  air  to  allow  the  excess  of  chlorine  to  evaporate, 
and  then  filtered.  The  filtrate  oontains  chloride  of  nickel  free  from  cobalt ;  it  may  be 
predpitated  by  an  alkali. 

3.  Boasted  speiss  is  digested  in  hydrochloric  add,  which  leaves  nothing  nndiswlved 
but  3  or  4  per  cent,  of  siUphui:  and  a  few  granules  which  have  retained  their  metallio 
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BUte;  the  liquid  is  diluted  with  water,  and  wparated  ht  filtration  ftom  tfa« 
precij^tated  ox;ychloride  of  biamuth ;  the  flltrute  heated  to  the  boiling  posat;  aqveon* 
fiozxie  .chloride  added  to  it^  and  then  milk  of  lime  in  small  portiona — the  boiliiis 
bfling  still  oontinned — till  a  filtered  sample  ^exhibits  no  longer  a  pole  green,  but 
U^ui-green  colour,  and  gives  with  potash  a  precipitate,  which,  when  nested  on 
diarooal  before  the  blowppe,  yields  an  infnuble  mass  of  spongy  nickeL  Ae  long  as 
the  reduced  nickel  continaes  fasiUe,  arsenic  is  present,  and  fiirther  addition  at  line  it 
necessary ;  it  is  best  to  add  the  lime  in  slight  excess,  in  order  to  insure  the  oonnplete 
separation  of  the  arsenic.  The  liquid  is  then  filtered,  and  the  nickel  predpitated  hj 
milk  of  lime  free  tcom.  iron.     (Erdmann.) 

4.  Unroasted  speiss  is  fused  with  sulphur  and  carbonate  of  potassium,  as  deecribed 
fbr  the  preparation  of  cobalt  (i.  1040,  i) ;  and  the  resulting  sulphide  of  nidcel  (which 
appears  free  from  arsenic  after  one  such  fusion  and  subsequent  washing  with  water) 
is  dissoWed  in  nitric  add  or  a  mixture  of  nitric  and  sulphuric  adds,  azid  subjected  to 
further  treatment  for  the  separation  of  bismuth,  copper  Kod  cobalt^  as  described  under 
Cobalt.    (W5hler,  Pog^.  Ann.  tL  227.) 

6.  Thomson  (Ann.  Phii  xIt.  144)  digests  pounded  speiss  in  dilute  snlphnrie  aeidt 
finqnently  adding  pitxio  add  as  long  as  any  action  is  thereby  produced ;  tnen  decants 
the  green  solution  from  the  anenious  add  which  separates ;  and  after  eraponation  sad 
eocding,  adds  to  the  solution  dther  sulphate  of  potasdum,  or  a  quantity  of  ceibonnte 
equal  to  half  the  weight  of  the  speiss.  The  liquid,  after  concentration  and  vepose^ 
d^podts  crystals  of  niccolo-potassic  sulphate,  which  may  be  further  purified  by  • 
■econd  crystallisation. 

'  6.  Cloes  (Jahresb.  1867,  p.  619)  dissdves  finely  pulverised  and  perfectly  roasted 
cooper-nickel  in  strong  hydrochloiic  add ;  mixes  the  solution  with  excess  of  add  enl- 
pmte  of  sodium ;  and  boib  till  the  anenic  add  is  completely  reduced  to  arsenions  add, 
and  the  excess  of  sulphurous  add  is  driven  off;  then  passM  sulphydrio  add  gas  throng^ 
the  lukewarm  liquid  to  predpitate  arsenic,  copper,  antimony,  lead  and  bismuth  ;  flltera 
the  saturated  liquid  after  twelve  hoars'  stancung ;  evaporates  the  filtrate ;  treats  the 
reddue  with  water ;  predpitates  iron  and  cobalt  from  the  filtrate  by  carbonate  of 
barium  or  caldum,  after  treating  it  with  chlorine ;  and  removes  the  dissolved  baryta  or 
time  with  sulphuric  add.  The  filtered  liquid  then  yidds  with  carbonate  of  sodium  a 
predpitate  of  pure  carbonate  of  nickd,  which  may  be  ignited  and  reduced.  The  solutxoa 
of  speiss  in  mtro-moiiatic  add  may  be  treated  in  the  same  manner,  after  the  mtrio 
add  has  been  expelled  by  boiline  with  excess  of  hydrochloric  add. 

7.  The  followmg  method  is  adopted  in  a  manu&ctoiy  at  Birmingham  for  sepaittting 
nickd  and  cobalt  from  the  Hungarian  speiss,  containing  6  per  cent  of  nickd  and  3  per 
cent  of  cobalt.  The  ore  is  first  fused  with  chalk  and  fluorspar,  the  slag  thrown  away, 
and  the  fused  product  is  ground  to  powder,  and  roasted  for  12  hours  in  a  reverberator/ 
fhmace,  till  no  more  ftimes  of  arsenious  add  are  given  oft  The  roasted  product  then 
dissolves  almost  completdy  in  hydrochloric  add.  The  solution  is  diluted  with  water, 
suxed  with  chloride  of  lime  to  convert  the  iron  into  SMouioxide,  and  with  milk  of 
lime  to  predpitate  that  oxide  together  with  the  arsenic  The  predpitate  (which  is  of 
no  further  use)  is  then  washed,  and  sulphuretted  hydrogen  passed  through  the  clear 
liquid  till  a  filtered  sample  gives  a  black  precipitate  on  the  addition  of  ammoniftb  The 
predpitated  sulphides  (which  are  likewise  of  no  ftirther  use)  having  been  washed  ^th 
water,  the  solution  is  next  treated  with  chloride  of  lime  to  predpitate  the  cobalt^  and 
then  with  milk  of  Ume  to  throw  down  the  nickel.  The  cobalt-predpitate  is  converted 
either  into  sesquioxide  by  gentle  ignition,  or  into  protoxide  by  strong  ignition,  and 
sent  into  the  maAet  in  one  or  other  of  these  forms :  it  is  said  to  be  very  pure.  The 
predpitated  nickd  is  reduced  by  charcoal,  and  sold  to  the  manufiacturers  of  Oennan 
silver.     (Louyet,  J.  Pharm.  [3]  xv.  204.) 

8.  At  Klefro  in  Sweden,  a  magnetic  pvrites  containing  copper  and  nickel  is  worked 
for  the  extraction  of  the  latter  metal  The  ore  after  being  roasted  in  heaps  is  ftased  in 
a  shaft-furnace,  with  addition  of  quarts.  The  greater  part  of  the  iron  then  passes  into 
the  sla^  as  siHcate,  in  the  treatment  of  copper-ores  (ii  24),  and  a  matt  is  obtained 
OODtaimngabout  6  per  cent  nickel,  together  with  copper,  iron,  and  sometimes  a  HtUe 
sulphur.  This  matt  is  reduced  to  coarse  powder  and  roasted  in  a  reverberatory  furnace, 
then  fused  again  in  a  shaft-furnace.  After  a  certain  number  of  alternate  fusions  and 
caldnations  thus  conducted,  matte  are  obtained  very  rich  in  nickel,  the  final  product 
being  an  alloy  formed  of  70 — 80  per  cent  nickel,  18—22  copper,  and  1'6  to  2'fi  iron. 
This  alloy  is  broken  up  into  small  pieces  and  sent  into  the  market  as  "  aystalliaed 
nickel"    (Pelouse  et  Fr^m^,  Ihtiii,  3me.  ed.  iii.  630.) 

For  other  modes  of  preparation  see  the  work  just  dted;  also  Gmelin*a  Handbook^ 
T.  3$6-860. 

In  all  processes  for  obtaining  a  pure  salt  of  nickel,  the  most  difficult  point  is  the 
s^taration  of  the  cobalt    The  methods  of  separating  these  two  metals  have  been 


NICKEL  :  ALLOT&-ANTIMONIDE  OF.  86 

already  dflflcribed  under  GoBAiiT  (L  1046);  the  beet  and  easiest  of  exeentionuperhapa 
that  of  A.  Stromeyer  founded  on  the  {precipitation  of  cobalt  by  nitrite  of  potaasinnu 
Good  results  are  also  obtained  by  Liebig's  method  with  cyanide  of  potassium  and  mer- 
curic oxide  ^see  fiirther  p.  39),  and  by  that  of  H.  Bose  with  chlorine  and  carbonate  of 
barium,  as  in  the  sixth  mode  of  preparation  above  described,  which  yields  a  per- 
fectly pure  salt  of  nickel. 

Reduction. — A  pure  solution  of  nickel  having  been  obtained  by  one  of  the  processes 
above  deecribed«  it  is  precipitated  by  a  caustic  alkali  or  alkaline  carbonate ;  the  bulky 
precipitate  of  hydrate  or  carbonate  of  nickel  is  carefully  washed ;  then  spread  out  on 
filters  to  dry,  and  the  desiccation  is  finished  by  heat.  The  dried  precipitate  is  then 
introduced,  either  alone  or  made  up  into  a  stifif  paste  with  oil,  into  a  crucible  lined  with 
charcoal,  and  exposed  to  the  heat  of  apowerfiil  air-  or  blast-fhmace,  whereby  the  metal  is 
obtained  in  the  form  of  a  fused  mass.  On  the  laxge  scale  the  reduction  is  effected  by  a 
cementation  process.  A  number  of  cylinders  of  reitoctory  danr  are  set  vertically  in  a 
fnmaee  so  that  the  flame  may  play  round  them  on  all  sides,  ^ey  are  open  at  top  aud 
terminate  below  in  truncated  cones,  the  bases  of  whidi  are  below  the  flre-bars, 
and  are  provided  with  apertures  for  remoring  the  charge.  The  dried  oxide  of  nickel, 
in  lumps  or  small  cubes  measuring  about  0*02  mm.  in  the  side,  is  mixed  with  pulverised 
charcoal  and  thrown  in  at  the  top  of  the  cylinder,  and  the  fire  is  strongly  urged.  The 
oxide  of  nickel  is  then  decomposed  by  the  heated  carbonic  oxide  in  the  furnace,  the 
reduced  metal  retaining  the  form  of  the  Inmps  or  cubes  of  oxide  introduced.  The 
ndnced  metal  is  discharged  from  time  to  time  through  the  orifices  in  the  bottoms  of 
the  cylinders,  a  irv^  chuge  being  at  the  same  time  introduced  Mr  the  top,  so  that  the 
process  is  to  a  certain  extent  continuous  To  obtain  the  metal  in  ingote,  the  lumps 
formed  as  above  are  ftised  at  the  strongest  heat  of  a  ibrge-fire. 

Metallic  nickel  may  also  be  obtained  by  i^ting  the  oxide  in  hydrogen  gas^  or  by 
heating  oxalate  of  nickel  or  of  nickel-ammomum  under  a  layer  of  pounded  ghiss  not 
oont^ing  any  heavy  metaL     These  processes  yield  it  in  the  pulverulent  form. 

Nickel  may  be  obtained  in  brilliant  white  laminn  by  the  electrolysis  of  an  ammo- 
niacal  solution  of  sulphate  of  nickel  and  ammonium.  (A.  C.  and  £.  Becquerel, 
Compt  rend.  Iv.  18.) 

The  nickel  of  commerce  is  seldom  pure.  Lassaigne  found  the  composition  of  three 
iamplee  from  different  sources  to  be  as  follows : 

QermMi      . 

»»  • 

English 

Ll  Thompson  (London  Journal  of  Arts,  Feb.  1863,  p.  66)  found  in  various  samples 
of  commercial  nickel  from  76  to  86  per  cent,  of  the  pure  metaL  He  obtained  a  pnr«r 
product  containing  88  per  cent,  nickel  by  roasting  nickel^lance  (arsenio-sulphide  of 
nickel)  with  half  its  weight  of  quicklime  in  a  cupola-fumace  urged  by  a  blast 

iVopertiw.— Pure  nickel  in  the  compact  state  is  silver-white,  ductile,  malleable,  not 
much  more  ftasible  than  iron,  which,  according  to  Deville,  it  even  surpasses  in  tenacity. 
Nickel  containing  small  quantitiee  of  carbon  is  mwe  fusible  than  the  pure  metaL  The 
qpecific  gravity  of  nickel  is  8*279,  increasiiig  to  8'666  by  fbiging.  Nickel  is  magnetic 
at  ordinary  temperatnres,  but  loses  this  power  at  260°,  recovering  it  however  on 
cooling.  Nickel  previously  heated  bums  in  oxyaen  ga»  like  iron,  and  is  converted  into 
oxide.  The  pulverulent  metal  obtained  by  reaction  in  hydrogen  at  a  low  red  heat, 
takes  fire  spontaneously  in  contact  with  the  air.  Nickel  dissolves  in  hydroehlorio  acid 
and  in  dilute  nUphuric  acid  with  evolution  of  hydrogen,  easily  in  nitric  and  in  nitro- 
muriaiie  acid. 

jriCUSb,  AUbOTS  OV.  Nickel  unites  with  other  metals,  forming  for  the 
most  part  white  malleable  alloys  (see  the  several  metals).  The  most  important  is  the 
alloy  of  nickel,  copper  and  zinc,  known  as  German  8ilver(eee  Copphb,  Allots  op,  li.  61). 
Meteoric  iron  is  an  alloy  of  ironand  nickel  (see  Metbobitxs,  iii.  377  \  An  alloy  of  nickel 
and  aluminium^  Al'Ni,  is  obtained  in  large  tin-white  laminse,  of  sp.  gr.  3'647,  by  melt' 
ing  8  pts.  aluminium  with  3  pts.  sublimed  chloride  of  nickel  ana  20  pts.  chloride  of 
potassium  and  sodium,  and  treating  the  resulting  regulus  with  dilute  hydrochloric  acid 
miehel,  Ann.  Ch.  Pharm.  cxt.  102).  The  alloys  of  nickel  with  arsenic  and  antimony 
occur  as  natural  minerals. 

WZOXBZi,  AVTZBKOVZBa  OV.  Aniimomal  Nickel,  BrtUkauptiU.  Ni^b<.— 
This  mineral  was  formerly  found  in  the  Andn^asberg  mountains,  but  the  vein  has  long 
been  exhausted ;  it  occurred  in  thin  hexagonal  plates,  also  massive  and  disseminated, 
with  metallic  lustre^  light  copper-red  colour  on  the  fresh  fracture ;  sp.  gr.  7*541 ; 
hiudness  6*5. 
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I  A^TiMovio-amvxiDa  or.   Sm  NicKBi>ozjjfoi  (pu  4S). 

mtOMM^     AMmmmA.vm     or.        Annaber^,    Niekd-bh(nn^ 
(Ki'^'Afl*0*.8HH). — This  oomponnd  oocnzs  natiTe  in  aoft,  apple-green, 
monooliiuc  crystali,  aUo  maaslTe  and  diBseminated.    Hardnesf  »  2*5  to  8'0. 
>^3-078 — 3-131.     The  following  analjsee  are— a  hy  Berthier  (Ann.  Ch. 
[2]  ziii  62;  b.  byStromeyer  (Schv.  J.  xzr.  220);  c.  bv  Kersten  (Fog^  Ann. 
Z.261): 

Ai*0»       KIO       CoO       H*0 
«.  JUemont         86*8      86-2      26      26-6  «  101 
6.  BieeheUdoif    86-97    37*86     .   .     24-32    Fe*0*  1-18,  SO*  023  »  100 
c,  Sohmeebery       38*30     36-20     1-63    SS-Sl     FeO  trace  «-     99-94 

The  formnla  Tequiree  38-41  Aa*0^,  37-52  NiO  and  240  HK).  The  mineral  occozs  on 
white  nickel,  at  Allemont  in  Danphiny^and  is  mtpposedto  nsnlt  from  a  deoompoaitioB 
of  this  ore;  it  is  found  alao  at  Kunsdoif  near  Saauetd,  at  Annabel^  and  in  otlierininaa 
of  nickel  oref .  It  haa  oceaaionally  been  obserred  associated  with  oopper-niekel,  ia 
the  cobalt  mine  at  Chatham,  Ckmnecticut  (Dana,  ii.  418).  Besprcting  tb«  aitificial 
arsenate  of  nickel,  see  i.  818. 


I  or*  A  Texy  small  gnantity  of  axsenie  is  snAdent  to 
render  nickel  iiisible  before  the  blowppe  under  borax.    (Berselius.) 

a.  Ni'As*.  A  britde  non-magnetic  alloT  haring  this  composition,  is  obtsiaed  by 
heating  100  pts.  of  finely  divided  nickel  in  a  close  vessel  with  excess  (200  pts.)  i 
arsenic,  or  by  heating  arsenate  of  nickel  to  whiteness  in  a  charooal-lined  emeible. 
Iju  Qmelin  {Bandbook,  r.  388)  describes,  on  the  anthcmty  of  Flattner,  an  arseirida 
of  nickel  called  Plaeodm,  having  nearly  the  same  .composition,  riz.  67*05  per  cant. 
nickel,  39*71  arsenic,  0*92  cobalt,  0*86  copper,  a  trace  of  iron,  and  0*02  snlpbnr. 

J3.  Ni'As*.  Speiu  is  sometimes  found  in  crystals  of  the  dimetric  system  haTing 
this  composition.  A  specimen  from  a  disused  smalt-furnace  was  found  by  Wdhler 
(^(iffi-  ^°<^-  ^x^*  802}  to  contain  6270  per  cent,  nickel,  44*06  arsenic,  1*66  sulphur, 
and  1*60  manganese,  iron,  and  copper,  the  formula  Ni'As*  requiring  54*13  nickel  and 
46'87  arsenic  This  crystallised  speiss,  which  is  sometimes  found  in  the  speias  run 
out  from  the  crudbles,  appears  to  be  produced  by  long  continued  fusion  of  copper-nickel 
contained  in  cobalt  ores. 

y.  Ki'As*.  This  is  the  composition  of  Copper'itiekd,  the  princi[)al  ore  of  the 
metal,  which  ocenrs  in  hexagonal  prisms,  oF .  osF,  isomorphous  with  antimonial 
nickel,  having  the  length  of  the  principal  axis  «  0*81944,  more  frequentlv  maMvre^ 
with  nearly  impalpable  stmcture ;  also  reniform  with  columnar  structure ;  also  reticu- 
lated and  arboreecent.  Hardnees  B  6*6.  Sp.gr.  »7'33 — 7'671.  Opaoue,  with  metaUio 
lustre  and  copper-red  colour,  with  a  grey  to  blackish  tarnish.  Streak  pale  brownish- 
black.  Fracture  uneven.  Brittle.  Before  the  blowpipe  on  charcoal,  it  emits  arsenical 
ftimes,  and  melts  to  a  white  globule,  which  darkens  on  exposure  to  the  air.  In  nitrio 
add  it  becomes  covered  with  a  green  coating  and  disnolves  in  nitro-muriatic  acid. 

Anaiy$e». — a.  From  Biechelsdorf  (Stromeyer,  Gott.  geL  Ans.  1817,  p.  204).— 
h.  From  KrKgeroe in  Norway :  sp. gr.  7'662  (Scheerer,  Fora;.  Ann.  Ixv. 292). — c. From 
Ayer:  sp.  gr.  7'39  (Ebelmen,  Ann.  Min.  [4]  xi.  66)^—0.  Westphalia  (Schnabel, 
Rammewierrf$  Mineralchemie,p.  20). — e.  Allemont  in  Dauphiny  (Berthier,  Ann.  Ch. 
Fhys.  [2]  xiii.  62).—/.  From  Balen  in  the  Pyrenees  (Berthier,  be  eit.)'. 
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Copper-nickel  is  fonnd  accompanying  cobalt,  silver  and  copper,  in  theSaxon  minea  of 
Annaoerg,  Schneebeiv,  &c ;  also  in  ^urin^a,  Hesse  and  Styria,  and  at  the  other 
localities  above-mentioned ;  occasionally  also  in  Cornwall,  and  at  Leadhills  in  Scotland. 
At  Chatham,  Connecticut,  it  is  foimd  in  gneiss,  associated  with  arsenide  of  tx)ba1t. 

B.  KiAs*.  This  compound  occurs  in  two  fbrms:— 1.  As  Cloanthite  or  White  Nickel^ 
in  monometric  forms,  vis.  cubes,  octahedrons,  trapesohedrons,  202,  and  the  com- 
binations shown  in  figures  174,  175,  176,  202,  205,  &c.  Hi.  pp.  123,  124,  130),  iso- 
morphous with  smaltis,  CoAs*  (i.  1040).— 2.  As  RammeUherffUe,  in  trimetric  prisma 
havinff  the  angle  odP  :  o»F  ea  123*^ — 124°.  Also  massive  and  in  reticulated  and 
imitative  shapes.  Hardness  •■  5*25  to  6.  Specific  gravity  i-  6*466—7*2.  Lustre 
metallic.     Colour  tin-white,  incltoiDg  when  massive  to  steel-grey.     Stn^k  greyish 
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bIftdL    Opaque.    Fmctore  granular  and  aneren.    BritUa;  Kammwlnhmgitg^  howgyer, 
is  sli^Uy  duetila.    Beharea  before  the  blowpipe  like  oopper-niekeL 

AtuJt/Ma. — a.  From  Schneeberg  (Hof m a nn,  Fogg.  Ann.  xzr.  491,  4iM).— &  Riecheli- 
dorf  (Booth,  ibid,  xxxii.  39fi). — c.  Joachimsthal  in  Bohemia:  tipecifie  graTitj  6*89 
(Mariao,  RammeUber^a  Mineralchemdt,  -p.  21). — d,  KsmaAort  near  Saalfeld:  epMiAo 
gmri^  6*736  (Hammelaberg,  iind.). — «.  The  AxiniTieithalintheyBlais(Berthier, 
Ann.  Hin.  [3]  zi  604).—/.  Allemont  (Rammelsber^  loe.  eit,). — jp.  Chatham,  Coo- 
necticat;  CkatkamiU  ;  maadve  (Shepard,  SUL  Am.  J.  zt-nL  861). 
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Cloanthite  oecnit  with  nlTer  and  copper  in  the  same  loealitiee  aa  nnaldn  (ii.  1040/; 
the  Connecticut  mineral  ((^aikamiU)  occurs  in  mica-sUtei  associated  generollj  wiui 
mispickel  and  sometimeB  with  copper  niokeL  Bammelsbetgite  is  found  at  Schneebog 
and  at  Biecheladoil 

Cloanthite  and  smaltin  maj  be  regarded  aa  belonging  to  the  same  mineral  swedes, 
indeed  the  nickel  and  cobalt  are  found  replacing  one  another  in  all  jptoportions  without 
any  alteration  in  the  OTstaUine  form  of  the  mineral  (see  Dana,  ii.  67).  There  are 
also  minetBls,  stiU  occurring  in  the  same  forms,  in  which  the  number  of  atoms  (^msenio 
is  to  that  of  the  positiTe  metolF  (nickel,  cobalt,  iron)  as  4  :  8  and  as  3  :  2,  the  percen- 
tage of  arsenic  in  the  former  being  about  76,  and  in  t<he  latter  78  or  70.  These  mono- 
metric  arsenides  of  nickel  and  cobalt  may  therefore  be  included  in  the  general  formula 
R*A8*,  where  B  stands  for  nickel,  cobalt,  and  iron  (re&arded  as  monatomic  metals)  ze- 
placing  one  another  isomoiphously.    {SammeUberff'»  MineralehemUt  p.  26.) 

mCKB&v  AanwzOBV^PHXlia  of*    See  N1CKKL-01.AHCB  (p.  43). 

VZCKSZh  8»OMZDa  or.  Ni'^r'.— The  anhydrous  bromide  obtaiiwd  by 
passing  bromine- vapour  over  red-hot  nickel-filings,  forms  shining  yellow  scales  soluble 
in  water,  alcohol  and  ether ;  the  aqueous  solution  yields  by  eraporation  green  crystals 
of  the  hydrated  bromide  Ni'^r*.3H»0. 

Bromide  of  nickel  unites  with  ammonia,  either  in  the  dry  or  in  the  wet  way,  forming 
the  compound  NiHBr'.SNH*.  It  forms  light  blue  crystals,  soluble  in  a  small  quantity 
of  water,  but  decomposed  on  diluting  the  solution. 

VXOMMT^  OAJtBOVATB  OV.  Occurs  natiTe  aa  Emerald-nickel  (see  ^abso- 
VATBS,  i.  789). 

MXOMMJ^  OWTiOmrOM  or.  Ni"Cl^— Obtained  by  heating  nickel-filings  to 
low  redness  in  a  stream  of  chlorine,  or  by  gently  heating  the  hydrated  chloride. 
It  is  volatile  and  sublimes  at  an  incipient  red  heat^  in  golden-yellow  scales  like  moaaio 
gold.  It  is  decomposed  by  hydrogen  at  a  red  heat,  yielding  a  shining  coherent  mass 
of  metallic  nickel. 

Anhydrous  chloride  of  nidcel  dissolves  in  water  after  prolonged  boiling,  yielding  a 
solution  of  a  fine  green  coloor,  which  may  be  likewise  formed  by  dissolving  the  oxide 
or  carbonate  of  nickel  in  hydrochloric  acid.  This  solution,  when  evaporated,  deposits 
the  hydrated  chloride,  Nt''Cl*.9H'0,  in  green  crystals,  which  when  exposed  to  the  air, 
deliquesce  or  effloresce  slightly,  according  to  the  quantity  of  moisture  present.  Chloride 
of  nickel  dissolves  slightly  also  in  alcohol. 

Anhydrous  chloride  of  nickel  absorbs  ammonia  gas,  forming  the  ammomo-ckloridet 
KiCl'.fiNH',  analogous  to  the  ommonio-bromide  above  described  (H.  Hose).  The  same 
compound  is  obtained  in  blue  octahedrons  by  dissolving  chloride  of  nickel  in  warm 
caustic  ammonia  in  a  closed  vessel.     (Erdmann.) 

Chloride  of  Nickel  and  Amnumium,  NH*Cl.Ni''Cl'.6HK),  is  deposited  on  mixing 
1  pt.  of  hydrochloric  acid  saturated  with  ammonia,  and  2  pts.  of  the  same  acid  satumtsd 
with  carbonate  of  nickel,  in  deliquescent  crystals  isomorphoua  with  the  oorreaponding 
magneeium-solt.    (H  an  ta.) 

WCXOMMMh  BBTBCTZOW  JhMJt  aSTZSKATIOir  or.  I.  Blowpipe  Re- 
actione. — Ail  nickel-salts  heated  with  carbonate  cf  eodwm  on  charcoal  in  the  inner 
flame  are  easily  reduced  to  a  grey  metallic  powder,  which  is  attracted  by  the  magnet. 
With  borax  they  give,  in  the  outer  flame,  a  dear  bead  which  is  hyacinth-red  while  hot^ 
and  pale  or  dark  yellow  (according  to  the  quantity  of  nickel  present)  on  cooling ;  the 
addition  of  nitrate  or  any  other  salt  of  potassium  gives  a  blue  or  dark  purple  o(u<mx  te 
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the  bead.  In  the  inntr  flame  the  bead  beoomee  piej  and  opaque,  owing  to  the  xedii^ 
tiou  of  the  metaL  With  miorocoamio  salt  they  give  in  both  flinnee  a  dear  bead  irtiidi 
ifl  dark  yellov  vhile  hot>  and  almost  coloorleaa  on  cooling.  The  preeenoe  of  eobalt» 
even  in  small  qnantity,  maaka  these  reactiona  to  a  great  extent,  by  the  deep  blue  colonr 
whieh  it  pzodncea. 

2.  Seaotions  in  Solution. — Nickel  forms  bat  one  class  of  salts,  and  these  are 
analogous  in  oompoeition  to  the  chloride  above  described ;  thej  are  green  in  solution 
or  when  they  contain  water  of  crystallisation ;  yellow  when  anhydrooa.  Their  nlntioiui 
redden  litmns. — Sutpkydrie  acid  dora  not  precipitate  nickel-aalts  &om  acid  solntiona, 
and  only  Tezy  pcurtially  from  a  neutral  solution  of  a  salt  of  a  mineral  acid,  such  as  the 
solphate  or  chloride ;  bat  acet&te  of  nickel,  or  an^  nickel-salt  mixed  with  acetate  of 
Bodinm.  is  completely  precipitated  by  snlphydric  aad  on  heating  the  solution,  nnlees  a 
large  excess  of  acetic  add  is  present  The  precipitated  sulphide  is  black,  difficnltlT 
soluble  in  dilate  hydrochloric  or  acetic  acid,  easily  in  nitnc  or  nitro-muriatie  acid. 
Sulphide  of  ammonium  pzrapitates  sulphide  of  nidcel,  ali^htly  soluble  in  the  reagent, 
forming  a  dark-brown  solution,  whence  the  sulphide  is  precipitated  b^  boiling.  (Hence, 
a  brown  oobur  in  the  filtrate  from  the  sulphide  of  ammonium  precipitate  la  a  sign  of 
the  |)robable  presence  of  mekeLy^^Hydrocyamo  acid  predpitates  all  the  nick^  as 
greenish-white  CTanide,  from  acetate  of  nickd,  or  from  anjr  nickel-salt  mixed  with  snlfi- 
dent  acetate  of  sodium. — (^amde  of  potastium  predpitates  the  (^anide  from  all 
nickel-Baits ;  excess  of  the  reagent  dissuves  the  cyanide  of  nickel,  forming  a  soluble 
doable  mnide  of  nickel  and  potassium,  whidi  is  decomposed  by  dilute  ralphoric  or 
hydrochh>rie  add,  hTdroqranic  add  being  eTolved,  and  cyanide  of  nickel  predjntated, 
which  requires  boiling  with  excess  of  add  for  its  conversion  into  a  soluble  nickel- 
salt  Ferroeyanide  oj  potassium  ^ves  a  greenish- white'  predpitate ;  ferrieyanvie  a 
yellowish-green  {>redpitate,  both  insoluble  in  hydrochloric  adcL — PhotphaU  or  arse- 
note  of  tmxufm  gives  a  greenish-white  predpitate  of  phosphate  or  arsenate  of  nickel. 
OsmUc  aeid  gradually  predpitates  all  the  ni<^d  as  greenish-white  oxalate,  soluble  in 
ammonia;  when  the  solution  is  exposed  to  the  air,  the  oxalate  of  nickel  slowly 
separates  out — Mkaline  earbortata  predpitate  an  apple-green  basic  carbonate,  soluble 
with  greenish-blue  colour  in  excess  of  carbonate  of  ammonium. — Potash  predpitates 
the  apple-green  hydrate,  insoluble  in  excess,  soluble  in  ammoniacal  salts. — Ammonia 
does  not  predpitate  nickel-salts  when  free  add  or  chloride  of  ammonium  is  present ; 
from  neutral  solutions  it  partially  predpitates  the  hydrate,  which  is  soluble  in  excess^ 
forming  a  blue  solution,  whence  the  hydrate  is  predpitated  on  the  addition  of  soffi- 
dent  potash.  If  but  little  nickel  be  present,  the  ammoniacal  solution  becomes  distinctly 
blue  only  after  long  exposure  to  tne  air. — Mkaline  hypocMoritrt  mixed  with  causHo 
alhali  (a  solution  of  bleaching  powder  or  chloride  of  soda  for  example)  farm  a  black 
predpitate  of  hydrated  peroxide  of  nickel. 

3.  Quantitative  Estimation. — Kickel  is  best  predpitated  from  its  solutions  by 
eaustie  wtash,  which  throws  down  an  apple-green  precipitate  of  the  h^drated  protoxid«v 
and  if  tKe  liquid  be  heated,  leaves  not  a  trace  of  nickel  in  the  solution.  The  |ffecipi- 
tate  must  be  washed  with  hot  water,  dried,  ignited,  and  weighed ;  it  then  consists  of 
pure  protoxide  of  nickel,  containing  78'57  per  cent  of  the  metal. 

The  oxide  may  also  be  reduced  by  heating  it  to  redness  in  a  stream  of  hydrpgeiip 
and  the  reduced  metal  weighed  after  cooling  in  the  stream  of  gas. 

In  separating  nickel  from  other  metals,  it  is  often  necessary  to  predpitate  it  by  suU 
phide  of  ammonium ;  this  predpitation  is  attended  with  dimculties,  because  the  sul- 
phide of  nickel  is  somewhat  soluble  in  the  alkaline  sulphide.  To  make  the  precipita- 
tion as  complete  as  possible,  Bose  directs  that  the  solution  be  diluted  with  a  censiderable 
quantity  of  water,  and  then  treated  with  sulphide  of  ammonium,  as  nearly  colourless 
as  it  can  be  obtained,  avoiding  a  large  excess  of  the  precipitant  and  likewise  an  excess 
of  ammonia ;  the  glass  is  then  to  be  covered  up  with  filtering  paper,  and  left  in  awarm 
place.  Under  these  circumstances,  the  excess  of  sulphide  of  ammonium  is  decomposed 
by  the  oxygen  and  carbonic  add  of  the  air,  without  risk  of  the  sulphide  of  nickel  being 
oxidised.  Am  soon  as  the  supernatant  liquid  has  lost  its  brown  colour,  the  precipitate 
is  collected  on  a  filter  and  washed  as  quickly  as  possible  with  water  containing  a  little 
sulphide  of  ammonium.  It  must  then  be  dissolved  in  nitromuriatic  add,  and  the 
nidcel  predpitated  by  potash  as  above. 

4.  Separation  from  other  Metals. — ^The  methods  of  separating  nickel  from 
other  metals  are  fiar  the  most  part  the  same  as  those  already  described  for  separating 
cobalt  from  the  same  metals  (i.  1045),  excepting  of  course  the  predpitation  with  nitrite  of 

Ktassium,  and  the  other  methods  which  serve  for  the  separation  of  cobalt  from  nickel  i  tsell 
omeopperand  the  other  metaUofthefii8tgn>up,iti88eparatedby<WpAj/i2ncaou2; 
from  the  metals  of  the  alkalis  and  alkaline  earths  and  from  magnesium, 
by  predpitation  with  sulphide  of  ammonium^  with  the  precautions  above  indicated,  and 
iu  the  ease  of  magnesia,  with  addition  of  sal-ammoniac  to  retain  that  base  in  solutioik 
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tndcel  may  Bometimea  b«  separated  from  thealkali-metaU  fay  eraporating  the  vholft 
to  drycefle  and  igzuting  the  mixtare  is  a  current  of  hydrogen,  irhei«by  the  nickel  is 
redac«>d  to  the  metallic  state  and  may  be  separated  from  the  alkaline  salts  by  dissolving 
out  the  latter  with  vater.  This  mode  of  separation  is  espedally  applicable  when  the 
metals  are  in  the  state  of  chloride. 

From  magnesium,  nickel  maybe  separated  by  cyanide  qf  potassiwn.  The  two 
metals  are  firat  precipitated  by  an  alkaline  carbonate^  and  f^anide  of  potassium  is  then 
added  in  quantity  sufficient  to  redissolre  the  magnesium,  a  freah  quantity  of  alkaline 
carbonate  is  then  added,  and  the  whole  is  eraporated  to  dirnees.  On  treating  the  rc^ 
stdue  with  water,  the  magnesia  remains  undissoked,  while  the  nickel  dissolves  as  double 
cyanide,  and  may  be  precipitated  by  sulphide  of  ammonium  as  above. 

When  the  magnesium  and  nickel  can  be  converted  into  neutral  acetates,  diesepara^ 
tioR  is  easily  effected  by  passing  aulphydrie  aeidgaa  through  the  dilute  solution.  The 
nickel  is  then  completely  precipitated  aa  sulphide,  whiM  the  magnesium  remains 
disftolred. 

Lastly,  the  separation  of  nickel  and  magnesium  maybe  e£Fected  by  tnating  the  solu- 
tion wim  a  mixture  of  kypockloriU  and  hydrate  of  potassium  or  sodiumf  whereby  per- 
oxide of  nickel  is  precipitated,  mixed  or  combined  with  hydrate  of  magnesium ;  and 
the  precipitate  after  thorough  washing,  is  digested  with  an  excess  of  soTutiott  of  ffur- 
curie  ehhride.  A  double  uiloride  of  magnesium  and  mercury  is  therebv  formed,  and 
the  magnesia  remains  dissolved,  an  equivalent  qnanti^  of  oxychloriae  of  meicuiy 
being  at  the  same  time  precipitated.  The  solution  is  evaporated  to  dryness,  the  residue 
calcined  and  treated  with  pure  nitric  acid,  the  resulting  solution  eTi4X)rated  to  dryness, 
and  the  residue  of  nitrate  of  magnesium  caldned  and  weighed  as  ma^esU.  The 
peroxide  of  nickel  is  also  ignited  to  drive  off  the  mercury  wil£  which  it  is  mixed,  and 
finally  reduced  to  the  meta&ic  state  by  ignition  in  a  current  of  hydrogen.  (H.  Boae, 
TraiU  de  Ckimie  Asiaiyti^,  1861,  ii.  218.) 

From  barium,  strontium,  and  calcium,  nickel  may  be  separated  by  eyamde  of 
potassium  in  the  same  manner  as  from  msgneeium. 

From  aluminium  nickel  may  be  separated  by  the  same  pgoeeescs  as  cobalt 
(1 1045),  also  by  eyamde  of  potassium  in  the  manner  just  described  for  magnesium ;  or 
by  om'ionate  ofbariumt  which  precipitates  the  aluminium  and  not  the  nickeL 

From  iron  (in  the  ferric  state)  nickel  may  be  separated  by  svednate  of  ammtmhtm 
or  by  acetate  of  sodium,  or  by  digesting  the  precipitated  sulphides  in  dilute  kydrockUnia 
ofui  as  described  for  cobalt  (l  1046);  from  manganese  by  the  last  mention^  method; 
also  by  pentasvlpkide  of  calcium,  or  by  cyanide  ofpotasstum,  or  by  igniting  the  mixed 
chlorides  in  an  atmosphere  of  AydrogeUj  exactly  aa  described  for  cobalt ;  from  line  also 
by  this  last  method,  or  by  converting  the  two  metals  into  acetates,  adding  a  large  excess 
of  acid,  and  precipitating  the  sine  with  sulphydrie  acid  as  for  cobalt.  From  uranium, 
nickel  is  separated  by  precipitating  the  former  metal  in  the  state  of  nranic  oxide  with 
carbonate  of  bariuTo, 

The  methods  of  separating  nickel  from  cobalt  have  been  already  desczibed  (1 1046). 
Liebig's  method  may  be  advantageously  modified  as  follows : — Instead  of  treating  the 
solution  of  the  mixed  cyanides  with  mercuric  oxide,  a  solution  of  hypoehlorite  of  sodium 
IB  added  in  excess  to  the  boiling  alkaline  liquid,  in  quantity  sufficient  to  destroy  the 
fr%e  cyanide  of  potassium.  The  nickel  is  thereby  precipitated  as  peroxide  in  thn  form 
of  an  intensely  black  powder,  which  is  easy  to  wash,  and  may  then  be  converted  hj 
ignition  into  Uie  protoxide,  in  which  state  it  may  be  weighed.  Traces  of  nickri  whica 
escape  discovery  by  other  methods  may  thus  often  be  detected  in  cobalt.  Core  must 
be  taken  to  ascertain  the  absence  of  manganese,  as  it  would  go  down  with  the  nick^ 
accompanied  also  by  traces  of  iron  if  the  latter  metal  were  present.  (MiUef's  MemettU 
of  Chemistry,  3rd  ed.  pt.ii.  p.  668.) 

Analysis  of  Nickel^yres, — ^Most  of  these  oms  contain  large  ouantitieB  of  arsenic^  the 
separation  of  which  by  precipitation  with  sulphydrie  acid  is  along  and  tedious  process. 
A  better  method  is  to  fuse  the  finely  divided  compound  with  six  times  its  weight  of  a 
mixture  of  equal  portions  of  m'tre  and  carbonate  of  sodium,  extract  the  alkaUne  arse- 
nate thus  formed  with  water,  and  dissolve  the  remaining  oxides  in  hydrochloric  add. 
Or  the  compound  may  be  fused  with  three  times  its  wei^t  of  sulphur  and  carbonate 
of  potassium,  the  alkaline  sulpharscnate  extracted  with  water,  kbA  the  residual 
sulphides  dissolved  in  hydrochloric  add  with  gradual  addition  of  nitric  add.  The  add 
solution,  in  either  case,  is  then  nearly  neutralised  with  carbonate  of  sodimn,  acetate  of 
sodium  is  added,  and  the  whole  is  heated  to  boiling,  whereby  all  the  iron  is  predpitated. 
The  filtrate  is  acidulated  with  hydrochloric  add  and  saturated  with  sulphydrie  add  (to 
remove  copper,  bismuth,  &c.)  and  filtered ;  the  filtrate  is  heated  to  expel  sulphydrie 
add ;  and  the  cobalt  and  nickel  are  predpitated  by  carbonate  of  sodium,  and  separated 
by  one  of  the  methods  above  referred  to.  Or  the  ore  is  dissolved  in  strong  hydrochloric 
add,  with  gradual  addition  of  nitric  add ;  the  solution  is  heated  to  boiling  and  nearly 
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DCfntnliiied  with  carbonate  of  sodinm,  with  addittnn  of  awtate  of  aodiiiin,  and  (vbI 


the  precipitAte  hiis  a  reddish-brovn  colour)  of  ferric  chlf^ride  also ;  the  lionidv 
boiling  for  some  time,  is  filtered  from  the  bfuiic  ferrie  anwimte  thns  pffodnoea  ;  asw  ■»«         ■ 
flllratfl,  which  in  now  free  from  anenic  and  iron,  is  treated  as  before.     {Com^tffiotfs         '- 
Manual  of  Chemical  Analym^  p-  H3.)  ^ 

6.  Atomic  ITtfiyA/o/itTtCifcet.— Rothotf  (PofQ^.  Ann.Tiii.  184),b7oonTerttasa  I 
wet^^M  quantitT  of  nickel-oxide  into  chloride,  and  determining  the  amount  of  chloniw  f 
citDtained  thfr^in  by  precipitation  with  nitrate  of  silver,  firand  the  atomie  weight  of  I 
nickel  to  be  d9.  Erdmann  and  Marchand  (Ann.  Ch.  Fharm.  Ixzxii.  70)«  «y  th*  ! 
analysis  of  the  protoxide,  foand  Ni  a  69*64 — 6978.  Schneider  (Ann.  Ch.  Pham.  i 
eir.  220),  from  the  analysis  of  oxalate  of  nickel,  found,  as  a  mean  of  four  expcrinaentis.  j 

Ki-^29.    Dumas  (Ann.  Ch.  JPhann.  cxiii.  24),  by  the  same  method  as  RothaiT,  fonnd  { 

Ni  «  59  ;  and  lastly,  W.  J.  Russell  (Chem.  Soc.  J.  xri.  68),  by  reduriog  pore  prot- 
oxide of  nickel  in  an  atmosphere  of  hydrogen,  finds,  as  a  mean  of  sereral  experiments^ 
Nio'dSri. 

mcxaXs  XXBKA&B,  Katire  hydrocarbonate  of  nickel,  Ni''C0*.2Ni*HH)*.  j 
(See  Cakbonatss,  i.  789.)  \ 

MtCMMl^  r&vomna  OV.  NiT*.— Obtained  by  dissolring  oxide  of  nickel  hi 
hydrufluoric  acid,  and  separates  from  the  acid  solution  in  irregular  green  cryatala. 
It  unites  with  the  fluorides  of  the  alkali-metals,  fomiiug  Ten  soluble  double  fluoridea 
which  are  deposited  in  granular  crystals  on  evaporation.  Fluoride  of  nickef  and  alu- 
minium separates  by  sTaporation  from  a  mixed  solution  of  the  component  fluoridea,  in 
green  needles  which  dissolre  in  water  slowly,  but  completely. 

Silicojlut/ride  of  nickel  cxystallises  in  green  hexugonal  pHsnu. 

Snoxa^  lOSZIiaS  Or«  Ni'T*. — When  pulTemlcnt  nickel  is  heated  in  iodine 
vapour,  a  mixture  of  iodide  of  nickel  with  metallic  nickel  and  the  oxide  is  formed, 
from  which  the  pure  iodide  may  be  obtained  bv  substitution,  also  by  heating  the 
hydrated  iodide.  It  forms  iion-blaek  metallic  shining  scales  which  become  moist  oo 
eontact  with  the  air,  fonn  a  led-brown  solution  with  a  small  quantity  uf  water,  and 
a  green  solution  with  a  lazger  quantity.  This  solution  may  ali»o  be  prepared  b^ 
dissolring  hydrate  of  nickel  in  hydriodic  acid,  or  by  treating  finely  dirideu  nickel  with 
water  and  excess  of  iodine.  When  eraporated,  it  deposits  the  hydrated  iodide^ 
Ni''IMH^O,  in  deli^uesosnt  erystsJs,  which  when  heated  in  contact  with  the  air,  giva 
off  a  little  iodine,  yield  a  sublimate  of  the  anhydrous  iodide,  and  leave  a  residue  of 
nickel-oxide.  The  aqoeoos  solution  dissolveB  a  considerable  quantity  of  iodine,  whieh 
colours  it  brown-red. 

An  oxyiodids  <f  nkkd  is  formed  by  digesting  the  solution  of  the  iodide  with 
hydrate  of  nickel,  or  by  eTaporating  the  same  solution  quickly  to  dryness  in  contact 
with  the  air,  anid  dissolTing  out  the  undeoomposed  iodide  from  the  residue  with 
water. 

Anhydrous  iodide  of  nickel  absorbs  ammonia  goM  when  heated  in  it,  forming  tha 
yellowish-white  compound  Ni1*.4NH'.  By  dissolving  the  iodide  in  hot  aqueoaa 
ammonia,  blue  oetahsdrons  are  obtained  consisting  of  Ni^I'.dNH',  sparingly  solubLa 
in  water  and  in  aqueous  ammonia.  The  ammoniacal  solution  mixed  with  alcohol 
yields  a  green  preci^tate  containing  ammonia. 

MXOMMXat  WITBSDa  OV.  Formed,  according  to  Schfotter,  by  beating  pro- 
toxide of  nickel  to  206*^  in  ammonia-gas. 

Wi01tM%,  OXIBBS  OV>  Nickel  forms  two  oxides,  a  protoxide  and  a 
sesqniozide;  the  former  only  is  a  salifiable  base. 

Protoxide^  Ni^O. — ^This  oxide  is  obtained  in  the  anhydrous  state  by  calcining  tha 
nitrate,  hydrate  or  carbonate  of  nickel,  or  by  heating  metallic  nickel  with  nitre.  Jt 
may  be  freed  flrom  traces  of  peroxide  which  it  sometimes  contains,  by  heating 
it  to  about  too**  in  hydrogen-gas  (Erdmann).  Russell  (Chcm.  Soc.  J.  xvi.  68) 
prepares  it  by  calcining  oxalate  of  nickel,  dissolving  the  residue  in  nitric  acid, 
evaporating,  and  exposing  the  residue  to  strong  and  continued  ignition  over  a  gas 
furnace.  It  is  a  dense  green  or  greyish-green,  non-magnetic  powder,  which  does  not 
absorb  oxygen  from  the  air,  eiuer  at  common  or  at  higher  temperatures.  It  la 
reduced  to  the  metallic  state  by  hydrogen  at  a  red  heat^  and  by  c^harcual  at  a  white 
heat. 

Anhydrotis  oxide  of  nickel  has  been  found  crystallised  on  the  surface  of  black  copper 
(ii.  30)  reduced  from  nickelifinrous  copper  ores,  in  microscopic  regular  octahedrons, 
opaque  with  metallic  lustre,  non-magnetic,  and  having  a  specific  grivity  of  6-605, 
insoluble  in  nitric,  hydrochloric,  and  even  nitro-hydrochloric  acid,  and  dissolving  with 
difficulty  in  boiling  sulphuric  acid  (Qenth).  Similar  cryRtals  of  anhydrous  nickel- 
oxide  have  been  found  by  Bergem  ann  6X.pr,  Chcm.  Ixxv.  263),  together  with  natira 
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bismuth,  in  caritiefl  of  a  mineral  chiefljr  coniisting  of  anen&te  of  nickel,  said  to  be  ftom 
Johann-Qeorgenstadt.  Debray  (Compt  rend.  lii.  985)  has  obtained  protoxide  of 
nickel  in  the  crystalline  form  by  strongly  igniting  a  mixture  of  sulphate  of  nielcel  and 
sulphate  of  potassium. 

The  hydraied  ^toxide  or  hydraU  of  nickel,  Ni'^K)*  or  NiO.H*0,  is  obtained  as  an 
apple-green  precipitate,  by  treating  the  solution  of  a  nickel-salt  with  excess  of  caustic 
potash  or  soda,  and  ia  deposited  as  a  green  crystalline  powder  from  a  solution 
of  the  carbonate  in  excess  of  ammonia  on  standing  or  eraporation  (Pelouze  and 
Fr^my).  When  heated  it  gives  off  its  water,  and  leaves  the  anhydrous  protoxide. 
It  dissolves  easily  in  aeida,  forming  the  nickel  salts ;  also  in  ammo  f»ta,  formii^  a  TioleU 
solution,  &om  which  it  is  precipitated  by  the  fixed  alkalis  or  alkaline  earths,  the  pre- 
cipitate consisting  of  a  compound  of  oxide  of  nickel  with  the  precipitating  oxide. 

A  crystalline  hydrate  of  nickel  containing  Ni'^'O'.H'O  has  been  found  as  an 
incmstation  on  chrome-iron  at  Texas  in  Pennsylvania.  It  is  transparent,  has  an 
emerald-green  colour,  and  a  density  of  3-05.     (Si  lliman,  Sill.  Am.  J.  [2]  iii.  40.) 

Protoxide  of  nickel  unites  with  other  metal  lie  oxides,  playing  the  part  of  an  acid 
vith  strong  bases,  such  as  potash  {vid.  tup.)  and  that  of  a  base  with  alumina,  ferrio 
oxide,  &0.  When  ammonia  is  added  to  a  solution  containing  nickel  together  with 
metals  whose  oxides  are  insoluble  in  ammonia,  the  precipitated  oxide  almost  alwaya 
carries  down  with  it  a  certain  quantity  of  nickel -oxide :  hence  this  method  of  separat- 
ing nickel  &om  other  metals  does  not  give  exact  results  in  quantitative  analysis.  The 
same  indeed  is  true  more  or  less  with  regard  to  the  sepan^on  of  all  metals  by  the 
relative  solubilities  of  their  oxidee  in  eanstio  alkalis,  t^.  of  aluminium  and  iron  by 
potash. 

Setquioxide  or  Peroxide  of  Kickel,  KiK)'. — This  oxide  is  produced  by 
calcining  the  nitrate  at  a  moderate  heat.  It  is  a  black  powder  of  specific  gravity 
4'84  (Herapath)  which  is  resolved  by  ignition  into  oxygen  and  the  protoxide,  %na 
behaves  with  acids  like  a  peroxide,  dissolving  in  thsm  wiUi  evolution  of  oxygen,  land 
forming  solutions  of  nickel-salts. 

A  hydraied  eaquioxide,  Ni*0'.3H*0  or  Ki'HK)*,  is  obtained  by  treating  the  hy- 
drated  protoxide  or  the  carbonate  with  chlorine- water  or  the  solution  of  an  alkaline 
hypochlorite,  or  by  precipitatittg  a  nickel-salt  with  a  mixture  of  caustic  alkali  and 
alkaline  hypochlorite.  It  is  dark  brown  while  suspended  in  water,  but  forms  a  black 
shining  mass  when  dry.  When  heated  it  readily  gives  off  water  and  oxygen.  With 
acide  it  behaves  like  the  anhydrous  sesquioxide,  but  dissolves  with  greater  facility. 
With  aaueous  oxalic  acid^  it  forms  oxalate  of  nickel,  with  evolutioc  of  carbonic 
anhydriae.  It  dissolves  in  ammouia,  with  evolution  of  nitrc^n,  the  solution  contain- 
ing protoxide  of  nickel. 

Another  hydrated  peroxide  of  nickel  of  dingy  light-green  colour,  but  unknown 
composition,  is  obtained  by  treating  the  hydrated  protoxide  with  peroxide  of  hydrogen. 
(ThAnard.) 

VXCXa&»  OZTCnnbOKZDa  or.  Formed  by  digesting  the  hydrated  prot- 
oxide in  aqueous  chloride  of  xiickeL  It  is  sparingly  W)luble  in  crater,  and  tuma 
reddened  litmns-paper  blue. 

mCJCa&,  OXTOBV-BA&T8  or.  Nickel  forms  but  one  class  of  salts,  cor- 
responding in  composition  to  the  protoxide,  dichloride,  &c.,  e.a.  the  nitrate  or 
Ni'TfH)*,  the  sulphate  Ni"SO*,  the  acetete  C*H«Ni"0<,  &c  Most  of  them  are 
soluble  in  water  and  are  produced  by  dissolving  either  of  the  oxides  or  the  corre- 
sponding hydrates  iii  acids,  the  sesquioxide  being  first  reduced  to  protoxide;  in 
many  cases  also,  with  evolution  of  hydrogen,  by  acting  on  the  metal  with  dilute  acids, 
the  pulverulent  metal  dissolving  easily,  the  compact  metal  often  very  slowly.  Those 
nickel-salts  which  are  insoluble  in  water,  and  are  obtained  by  precipitation,  e.g. 
the  carbonate,  borate,  and  phosphate,  dissolve  readily  in  nitric,  hydrochloric,  and  sul- 
phuric acid,  &c 

Nickel-salts  are  for  the  most  part  emerald  or  apple-green  in  the  hydrated  state, 
yellow  when  anhydrous,  so  that  characters  traced  on  paper  with  a  nickel  solution  turn 
yellow  when  heated.  Soluble  nickel-salts  redden  litmus  slightly,  have  an  astringent 
metallic  taste,  and  exert  an  emetic  action.  Those  which  contain  volatile  acids  are  de- 
composed by  ignition,  the  inorganic  salts  generally  leaving  a  residue  of  protoxide,  the 
organic  salts,  metallic-nickel.     (For  their  behaviour  with  reagents,  see  p.  38.) 

vxcxa&,  ozTzoszBa  or.    See  p.  40. 

jncxa&,  rHOaVHZSBB  or.  The  tritopkoaphide,  Ni'P*,  is  obtained  by 
heating  chloride  or  sulphide  of  nickel  in  a  cnrrent  of  phosphoretted  hydrogen  gas.  It 
is  bladk,  insoluble  in  hydrochloric  acid,  but  easily  decomposed  and  dissolved  by  nitrie 
add.    (H.  Rose,  Pogg.  Ann.  zxir.  322.) 
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phosphide  contiining  only  a  nnall  qnantitj  of  phosphfoiu  it  oht&ined  ^— 1.  ^f 
ng phosphonu-Tftpour orernd-hot  niclul  (DaTyVorby  throwing pigea» of  juhdi 
M  on  it  (Pel letter). — 2.  By  fnaing  nickel  widb  glacial  pbosphorie  acia  and 
coal  powder  (Pelletier),  or  6  to  8  pta.  nickel-filinga  or  nickel-oude,  with  10  pta. 
vaiih,  6  pts.  pounded  quarts,  and  1  pt.  charcoal  in  a  chuooal-lined  cmcibl«  (Bar* 
er).    It  18  silver-white,  brittle,  much  more  fusible  than  nickel,  not  magnetie. 
nCMMM^  ■BXavZBB  or.    Ni*^.— Obtained  by  igniting  mPtalHc  nickal  in 
jniiun-TApour,  as  a  silver-white,  non-magnctii'. brittle,  cryotiilLinomaM  (apparentl/ 
numetric)t  h.aring  a  doU  inetnllic  lastro,  and  specific  gmrity  m,  8'462.     it  is  no* 
acked  by  hydrochloric  acid,  slowly  dissulTed  by  nitric  acid,  compli-tely  by  nttro- 
iriatic  acid.     When  fused  with  borax,  it  yields  a  golden-yoUuw  metallic  maas  with 
riatod  surface.     (O.  Little,  Ann.  Ch.  Fbarm.  cxii.  211.) 

WZCXSA,  srLTCACT  Ol*.    See  PucxuTK  and  Siucatbs. 

VZCXB&,  STr&VHATB  OV.    This  salt  ocean  as  a  hydrate  in  capillarf  inter- 

dicing  crystals  at  Wallace  mine.  Lake  Huron,  on  a  sniphitle  of  nickel  and  iron,  moatlw 

IS  an  efflorescence.   Kobell's  pyromeitHf  occurring  as  an  earthy  pale  yelluw  eruat,  with  ) 

aatire  bismuth  and  arsenical  nickel,  at  the  Frederich's  miue  near  Bayreut,  appean  ta  t 

bo  the  same  species.     (See  Suipbatss.) 

VZCmJUEi.  BtlxrXZBa  or.    Kickel  forms  with  sulphur  the  three  foUowing 

compounds : 

a.  ffemiaulpAide,  1X\*S,  deduced  by  igniting  sulphate  of  nickel  in  a  current  of 
hydrogen.  Pale  ycUow,  metallic -shiniog,  brittle,  magnetic  mass,  which  ma/  be 
melted  in  gloss  vessels. 

fi,  Protosttlphide,  or  Ni^S.  This  compound  occurs  native  as  CapUlary  I^^rUm 
{BaatMt^Y  in  rhombohedral  CTystals  havinp  the  length  of  the  principal  madm 
.  0*8296,  the  angle  B :  R  -»  144°  8',  and  perfectly  clcavafale  parallel  to  the  rfaom- 
bohedral  facee;  more  frequently  in  delicate  capUlazy  cnvtuliMtionB.  Hardneaa 
»  3 — 3*5,  8p<«ific  gravity  5*26 — 6-65  (the  mineral  from  Joachimsthal  4*001  according 
toKenngott).  It  is  brittle,  has  a  brass-yellow  colour  and  metric  lustre,  and  i« 
bright  in  the  streak.  It  usually  occurs  in  capillary  crystals  in  the  cavities  and  among 
the  crystals  of  other  minerals,  as  at  Joachimsthal  in  Bohemia;  at  Johanngeorgensfadth 
Ptdbram,  Biechelsdor^  Andreasberg;  in  CorawaU,  Ace. ;  also  in  Lancaster  County 
Fennsylrama. 

3Protosulphide  of  nickel  is  formed,  with  emission  of  light,  when  sulphur  is  fbsed  in 
contact  witn  finely  divided  nickel ;  it  is  also  produced  by  the  action  of  sulphur,  (^  m 
mixture  of  sulphur  and  potash  on  the  oxides  of  nickel  at  a  red  heat ;  and  by  ignitiug 
the  protoxide  in  sulphydric  acid  gas;  lastly,  according  to  Bcrthier,  by  reducing  snC 
phate  of  nickel  with  chareosl-powder ;  in  this  case,  however,  a  small  qnantity  of  tha 
nemisulphide  is  formed  at  the  same  time.  When  prepared  by  either  of  these  methods 
it  reeemoles  the  native  sulphide  in  colour  and  lustre.  It  is  less  fdsible  than  the  hemt- 
sulphide ;  is  decomposed  py  ignition  in  the  air,  but  not  in  does  vessels.  It  is  but 
slowly  decomposed  when  heated  in  chlorine  gas,  and  not  at  all  by  hydrogen  at  a  red 
heat.    It  dissolves  alowly  in  hot  nitric  or  nitromuriatic  add. 

A  kydrated  proUmiij^iide  of  niektl  is  obtained  by  the  action  of  sulphydric  acid  on 
neutral  solutions  of  nickel-salts  containing  weak  acids,  the  acetate  for  example,  or  Vt 
precipitating  any  neutral  niekel-iolntion  with  sulphide  of  ammonium  or  potaMiium.  1% 
has  a  dark  brown  colour,  nearly  blade.  It  oxidises  on  exposure  to  the  air,  and  is 
converted  into  soluble  sulphate.  When  heated  out  of  contact  with  air,  it  gives 
off  water  and  melts  to  a  mass  of  the  anhydrous  sulphide.  When  recently  precipitated 
and  still  moist,  it  dissolves  sparin^y  in  sulphurous  acid,  also  in  ammonia  and  sul- 
phide of  ammonium,  potassium,  &c,  forminga  brown  solution  which,  on  exposure  to  tha 
air.  becoms  colourless  and  d^maits  sulphido  of  nickeL  The  precipitatod  sulphide  is 
nearly  in»oluble  in  acetic  or  ulute  hyvochlorie  acid,  although  a  very  small  quantity 
of  free  hydrochloric^  sulphuric,  or  even  acetic  acid,  suffices  to  prevent  its  formation  in 
solutions  of  nickel-salts  hj  the  action  of  sulphydric  acid.  Hitiic  and  nttromuriatic 
acidrt  dissolve  it  more  readilv. 

Dinulphidtt  NiS".  Obtained  by  heating  a  mixture  of  carbonate  of  nickel. 
c.irbocate  of  potassium,  and  sulphur  to  dull  rednoss.  The  mass  when  wa.Hhed  leaves 
thu  disulphide  in  the  form  of  a  steci-gr^  powdur,  which  is  decorapijscd  by  chlorine, 
with  furmation  of  chloride  of  nickel  and  chloride  of  sulphur. 

Senarmont,  by  decomposing  chloride  of  nickel  with  chloride  of  potassium  at  Ifio*, 
obtained  a  yellowish  sulphide  of  nickel  having  the  composition  Ni*S*  or  NiS.Ni^*. 

MXCMMJU  AV3»  ZBOV»  BV&rRZSa  Or.  (tNi.^ForS.— Occurs  near 
Lilleliammcr  in  southern  Norway,  in  monomctric  cnstals  with  octahedral  cleavage 
or  in  granular  masses,    ^rdnoss  =  3*5—4.   Specific  gravity  *■  4*6.    It  is  not  mag- 
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aetie»  hai  a  brome-yellow  oolour,  and  light  broDse-browii  streak.    Gontaini  32-28 
per  cent  nickel,  40*86  iron  and  36*86  sn^hur.    It  oeenrB  with  copper  pyrites  ia 
Hornblende  rockS)  and  is  vorked  for  the  extraction  of  nickel     An  impure  juit^, 
■lightly  mixed  with  magnetic  iron  ore,  is  found  at  Invenuy  in  Argyleshize. 
VIOXax-BXiOOX.    See  Niolbl,  Absutatb  op  (p.  36). 

VXCKa&-BOVSVOWXTB.  Bonmonite  or  sulphantimonite  of  lead  and  copper 
(L  661)  from  Wol&Wg,  in  which  lead  is  partly  replaced  by  nickel  and  cobalt,  con- 
tains 19*87  per  cent,  sidphur,  24*28  antimony,  3*22  arsenic,  36*62  lead,  9*06  copper, 
6*47  nickel  and  cobalt,  and  0*84  iron  (»  98*26).  (Bammelsberg,  Fogg.  Ann. 
Ixxrii.  253.) 

VZCKS&-0&AJr0S»  A  mineral  species  analogons  to  cobalt-glance  (i.  1057)  in 
form  and  composition,  and  expressible  chemically  by  the  formula  NiS'.Ni(As ;  Sb)*, 
the  arsenic  and  antimony  being  sometimes  present  tc^ther,  sometimes  singly, 
thns  forming  the  three  Tarieties,  antimonial,  artenical  and  anHmomo-arseniaal  niei-d' 
gianee. 

The  crystals  of  this  species  belong  to  the  monometric  system,  being  for  arsenical 
nickel-gluice,  cubes,  octahedrons,  and  the  intermediate  forms  shown  in  figures  174, 176, 
176  (CBTSTAXJioaBAPHTX  and  combinations  of  the  penta^nal  dodecahedion  with  the 
cube  {fig.  211)  and  octahedron.  For  the  varieties  containing  antimony  the  prevailing 
form  ifl  the  octahedron  modified  by  &ceB  of  the  cube.  Cleavage  cubic  in  all  varieties. 
The  mineral  likewise  ooeun  masave,  with  granolar  structure;  the  purely  arsenical 
variety  also  lamellar*  Hardness  «  6—6*6.  Sp.  gr.  ^  6*6—6*9  (of  the  antimonial 
varieties,  6*2 — 6*6).  lAstre  metallic  Colour  silver-vhite  to  steel-grey.  Streak 
greyish-black.    Frartore  uneren.    Brittle. 

Jno/yMs .-  1.  AnUntoniai. — a.  From  the  Landskrone  mine  in  Siegen,  Westphalia ; 
mean  of  two  analyses  (H.  Boss,  Foffi.  Ann.  xv.  688). — 2.  AnHmoniiO-arHnieal, — 

b.  Albertine  mine  near  Harsgerode  in  we  Harts  (Rammelsberg,«d(i.  Ixviii.  511). — 

c.  Sayn-Altenkirehen  (Ullmann,  SaynmeUber^B  AfineralehemiSf  p.  69).— d.  Freos- 
buig(Klaproth,  BeUrdoe^  vi.  329).-*3.  ArKnkaL  «.  Haneisen  near  Lobenstein  in 
ThuHngia:  sp.  gr.  5*964  (Bammelsberg,  loe.  eiL),~~f.  Jungfer  mine  near  Miisen; 
crvfitallised  (Schnabel,  Barnm,  MinemicK  p.  62). — ^.  Pfingstwiese near Kms :  crys* 
tnllised,  with  &oeB  of  the  pentagonal  dodecahedron  (Bergemann,  J.  pr.  Chem. 
Ixxv.  244)« — A  Albertine  mine  near  Harsgerode  (RammelsEerg,  toe,  9U,). — i.  Mer> 
eury  mine  near  Ems:  massive  (SchnabeX  loe,  m^.). 
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.      . 

. 

.     . 

.     - 
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.     . 

2*76 

98*08   102*13     10*00     1000    1000     1000    10014    1000     101*96 

There  are  also  varieties  of  nickel-^ance  differing  somewhat  in  composition'  from 
the  above,  so  &r  at  least  as  the  amuyfies  can  be  trnsted,  vis.  1.  Arjunoite,  occarring 
in  sm^  steel-grey  octahedrons  (hardness  ^  4)  at  Lichtenb^rg  in  the  Fichtelgebirge 
(v.  Kob ell,  J.  pr. Chem. xxxiii. 403) ; — 2.  Gtradorfite from Schladming in  Styria, whfve 
it  occurs  both  crystallised  (Pless.  Ann.  Ch.  Fharm.  IL  250)  and  massive  (Lowe,  Fogg, 
Ann.  Iv.  603) ; — 3.  Nickel-glance  from  Frakendorf  in  Hungary  (Lowe). 


Amoibitfc 

GeridorflIt& 

NlckrUslance 
from  PrakrodMC 

CTfstamsed, 

WOMTW. 

Sulphur 

.     13-87 

1611             16-36 

14-22            1626 

Arsenic 

.    46-34 

39-88             3904 

42*52            4610 

Nickel 

.    37*34 

27^0            19-59 

38-42            28-76 

Cobalt 

.    trace 

0-83            1412 

Iron              • 

.      2-60 

14-97            1113 

209              890 

Silica 

•        •     <    . 

.     .               .     . 

1-87 

99-06 

9969           10023 

9912           100-00 

Bammelsberg  suggests  that  sulphide  of  nickel,  Ni''S,  may  be  monometric,  like  many 
sulphides  of  the  form  M''S,  and  in  that  case,  since  the  arsenide,  NiAs't  is  likewisa 
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moDometric,  these  nickel-glances  may  be  regarded  aa  iaomorphoiu  mixtotes  hsTing  the 
oompositioo  *nNi"S.«NiAB*  or  Ni(S ;  Ab*), 

VXOKBZf&mjBlTB.  SUffeniU.  lAaamU  (cobaltoeo-cobaltic  sulphide,  I. 
1050)  in  which  a  considerable  proportion  of  the  cobalt  is  replaced  hy  nickel  a.  From 
Siegen  in  Prossiai  where  it  occura  in  octahedrons  (Schnabel,  Bapwndsbery'i  Mineral* 
ehmHie^  p.  110).--6.  From  the  same  locality  (Ebbinghans,  loo.  cit.). — e.  Finksbiu]g 
OarroU  Cotmt^,  Maryland:  pale  steel-grey,  with  a  yellowish  tinge;  distinct  onbie 
deaTagei  intnvrown  with  copper  pyrites  (Genth,  SilL  Am.  J- f2]  xzziii.  415).— 
d.  La  Matte,  Sussonri :  seldom  crystalline,  tometimea  howerer  ezhibiCing  the  forms  O 
and  0.  ooOoo;  cleavage  very  izidistinct;  cdoor,  between  ateel-grey  and  tin-whit« 
(Qttnih,kc,cU,)x 


s. 

KI. 

Co. 

Fe. 

Co. 

Fb. 

Gaagoe. 

a. 

41-98 

83-64 

22-09 

2-29 

•    . 

.     • 

.    .     -     100 
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42-30 
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4-69 

•     . 
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39-70 

29-56 

26-69 

1-96 

2-23 

•     ■ 

0-46     »       99-59 

d. 

41'M 

30-53 

21-34 

8-37 

•    • 

0-39 

1-07     -       98-24 

CapQiary  J^friUs.    Native  solphide  of  nickel  (p.  42). 

VIOKBXp-vnsXOXto    Snlphate  of  nickel  (aee  p.  42,  also  SuifHAns). 

VlCOTXAVZn.  Tbbaeoo-campkor.  G"H*'NH>*.— -A  white  oystaUine  sttbstanea 
obtained  br  distilling  tobacco-leavea  with  water.  It  is  solnble  in  water,  alcohol,  and 
etiier;  mJts  when  oeated  and  then  g^oallT  evaporates.  (Hermbstadt^  Sehw. 
J.  zzxt  442;  Barral,  Gompt  tend.  xxi.  1376.) 

WXOOTZO  AOZB.  C*H*0*.  A  crratallisable  dibasic  acid  fonnd  in  tobaeoo-juico 
by  Barral  (CompL  rend.  xxi.  1874).  According  to  other  chemists,  however,  the  oolj 
adds  contained  in  tobacco-juice  are  malic  and  citric  adds, 

VZOOTnra.  C»H'*K*.  (0m.  ziv.  219;  Gerh.  iv.  184.)— Vanqnelin  in  1809 
ascertained  that  the  acrid  principle  of  tobacco  was  volatile,  and  capable  of  separatioQ 
from  its  compounds  by  means  of  aflxedalkalL  Posselt  and  Keimann  in  1828 
■noceeded  in  obtaining  it  in  a  state  of  oompai^ve  parity  from  the  leaves  otlftooHana 
Tabacumf  MacropkyWi  ru$tiea  and  M,  gUtHno$a,  For  a  lomr  time  nicotine  was 
■apposed  to  have  the  fbrmola  (?*^N  ts  OH'N,  which  was  snbseqaently  altered  to 
{P^tPN  ■-  G^H'N,  in  accordance  with  the  more  aocorate  analyses  of  Melsens  and 
SchlflBBittg;  but  Barral,  by  a  determination  of  its  vapour-denaity,  showed  it  to 
possess  in  the  free  state  a  condensation  twice  as  great  as  this,  its  formula  becoming 
therefore  C"-ff*'J^»  4  volumes  ofvapour,  or  in  accordance  with  modem  ideas  C**H"N*-= 
2  volumes.  It  is  considered  however  by  some  chemists  that  in  forming  certain  com- 
pounds, nicotine  breaks  ap,  as  it  were,  into  two  groups,  having  the  composition 
G*H^N,  each  equal  to  H".  The  experiments  of  Keknl6  and  t.  Planta,  who  treated 
nicotine  with  the  iodidea  of  the  alcohol-radides,  indicate  unmistakably  the  fact  that  in 
nicotine  the  group  C*H*  is  equivalent  to  H*.  The  molecule  of  nicotine  is  therefore 
derived  from  two  molecule  g(  ammonia  in  which  the  hydrogen  is  replaced  by  C*H*« 
thus: — 

C»H"N'  -  }5(g|?j  derired  from  j  ^°', 

This  explains  why,  in  treating  nicotine  with  oxalic  acid  and  with  chloride  of  benzoyl,  no 
substances  are  obtained  analogous  to  oxanilide  or  benzauilide  (Gerh.  iv.  185).  On 
the  other,  hand,  most  chemists  of  the  present  dav  will  prefer  to  regard  nicotine 
as  a  diamine.  There  ia  indeed  no  sufocient  evidence  to  show  that  any  splitting 
up  of  nicotine  takes  place  under  the  Influence  of  the  iodides  of  the  alcohol-radicles. 
We  shall  therefore  assume  in  tiiis  artide  t^at  the  compounds  assumed  by  Oerhardt  to 
contain  one  atom  of  methyl,  ethyl,  &c.,  contain  twice  that  number,  and  that  the  vapour- 
density  correctly  representa  the  molecule  of  nicotine  which  enters  into  all  its  known 
oombinatioos. 

Preparation. — 1.  Tobacco-juice  is  treated  with  excess  of  solution  of  hydrate  of  potas- 
dam ;  the  mixture  ia  then  shaken  up  with  bentene  or  ether  in  stoppered  bottles ;  the 
ether  is  decanted  and  distilled  at  a  gentle  heat  sufficient  to  vulatilise  the  ether ; 
and  the  heat  is  afterwards  raised  to  a  suffident  temperature  to  drive  over  the  nicotine. 
— 2.  A  mixture  of  lime  and  powdered  tobacco  is  placed  in  a  cylinder  and  a  current  of 
steam  from  a  boiler  is  sent  m,  the  other  end  of  the  cylinder  being  connected  with 
a.  condensing  worm.  The  liquid  which  comes  over  contains  nicotine,  ammonia,  and 
^pme  other  bases  not  yet  examined.  The  liquid  Is  neutralised  with  sulphuric  acid 
and  the  solution  ooncentnted  by  evaporatioo.    When  suffidently  concentrated  it  ia 
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tiwited  with  unmonu  to  libente  the  nicotioe,  and  ether  Is  thm  added:  the  ethereal  m>- 
Ivtion  on  ersporation  yields  the  nicotine  almoet  pure.  It  maj  be  ftuther  |nirifled 
b^  rectification  (Debiie,  Compt.  rend.i  874). — 3.  Tobacco  in  very  small  peces  is 
digested  with  dilute  sulpbaric  add  for  three  davs  and  then  pressed.  The  residue  ia 
repeatedly  treated  in  this  manner  until  it  has  loet  its  acrid  taste ;  and  the  liquid  so 
obtained  is  evaporated  to  half  and  then  distilled  with  lime.  The  distillate,  whidi 
contains  the  nicotine,  must  be  shaken  up  with  ether,  and  the  latter,  after  decantation, 
distilled.  The  ether  readily  distils  away,  leaving  the  nicotine  in  an  impure  state. 
It  is  to  be  kept  warm  for  a  considerable  time  and  then  heated  to  140°,  at  which 
temperatnre  it  will  give  off  ammonia  and  other  lees  volatile  impurities.  Lime  is  to  be 
added  to  the  residue,  and  the  mixture  distilled  in  an  oil-belh  at  190°,  in  a  cnzreni 
of  hvdrogen.  The  product  of  this  operation  redistilled  in  a  eoirent  of  bTdrogen 
yielas  the  nicotine  pure  and  colourless  (Barral). — 4.  Tobacco  is  treated  with  water, 
and  the  solution  concentrated ;  the  extract  is  disBoWed  in  alcohol,  which  after  decan- 
tation  ia  likewise  conceotrated ;  and  this  last  extract  is  trrated  with  hydrate  of 
potassium,  then  agitated  with  ether,  to  dissolve  the  nicotine  and  also  some  foreign 
substances,  which  are  oot  rid  of  by  precipitating  the  alkaloid  in  the  state  of  oxalate. 
This  precipitate  is  wssned  by  agitating  it  with  ^er,  then  treated  with  potash,  again 
dissolved  in  ether,  and  submitted  to  distillation.  The  residue  of  the  Hist.illation 
ia  coloured  but  limpid,  and  contains,  besides  nicotine,  water,  ether,  and  ammonia; 
a  temperature  of  140°,  maintained  for  12  hours,  and  assisted  by  a  current  of  diy 
hydrogen,  suffices  to  expel  these  three  bodies,  so  that  the  nicotine  passes  over  pure  and 
coIourlBSs,  when  the  temperature  is  subsequently  raised  to  180°. — Two  lbs.  of  good 
tobacco,  grown  in  the  department  of  Lot,  are  capable  of  yielding  by  this  proceas  from 
60  to  60  grammes  of  nicotine.     (SchloBsing.) 

The  amount  of  nicotine  in  leaf  or  manufactured  tobacco  may  be  accurately  as<»rtained 
by  a  simple  and  easy  process.  Ten  grammes  of  tobacco  are  exhausted  with  ammoniacal 
ether  in  a  oontinuous  distillatory  appuatos,  the  ammoniacal  gas  is  expelled  from  the 
nicotine  solution  by  boiling ;  the  liqmd  is  then  decanted,  and,  after  evaporation  of  the 
ether,  neutralised  by  a  solution  of  sulphuric  acid  of  known  strength.  (Sehlcosing, 
Compt  rend.  Dec  1846,  Chem,  Gas.  1847,  43.] 

Extraction  of  niooUne  from  the  contmtt  of  the  ttonuxeh,  or  from  the  iu&stanee  of 
^tnimal  tissues  in  cases  of  poisoning, — 1.  For  this  purpose  it  is  only  necessary  to  add 
exoese  of  hydrate  of  potassium  and  repeatedly  extract  with  ether  or  pore  benzene.  On 
•evaporation  in  a  retort  at  a  gentle  heat,  the  nicotine  will  remain  in  an  impure  state. 
Jt  may  tlwn  be  converted  into  a  sulphate,  the  solution  filtered,  and  the  nicotine  re- 
obtained  by  a  rf>petition  of  the  first  process  by  means  of  hydrate  of  potassium  and  eib«r. 
— 2.  Or  the  contents  of  the  stomach  may  be  repeatedly  exhausted  bv  a  dilute  acid,  and 
the  filtered  and  evaporated  solution  may  be  made  to  give  up  ite  nicotine  in  the 
manner  previously  indicated.  (See  also  Ai.Kixoiiifl^  Dbtbctiox  of,  nr  Chsxico-lboal 
nmsnoATioNs,  vol.  i.  p.  125.) 

The  following  table  contains  the  percentage  of  nicotine  in  various  kinds  of  tobaooo 
AOCOiding  to  the  experimente  of  SchLoesing : — 


NuiiMoftbe 

NfcoUce  in  100  parti 

KunM  of  the 

Nicotine  In  100  pt«. 

tobacco. 

of  th«  dried  totwoeo. 

lOtMCOO. 

or  the  dried  tolMcce. 

Lot          .         . 

.     706 

Alsace     . 

.     3-21 

Lot^t-Garonne 

.     7-34 

Virginia  • 

.     6-87 

Nord     . 

6-58 

Kentucky 
Maryland 

.     6-09 

rie-et^Vilaine 

.     6-29 

.     2-29 

Fas-de-Cahu9 

,     4-94 

Savannah 

.     2-00 

Properties. — Colourless  transparent  (nl,  which  does  not  freeze  at  — 10°,  it  gives  off 
excessively  irriteting  vapours  when  heated,  and  boils  at  260°  (Barral).  Its  specifie 
gravity  at  various  temperatures  is  as  follows : 

Temp.     .        .        4<*  Ifi®  80»  60«  lOl'S" 

Sp.gr.     .        .      1-033  1-027  1*018  10006  0-9424 

Nicotine  has  a  bnming  taste  even  when  very  much  diluted,  and  causes  choking.  When 
it  is  placed  on  the  tongue  of  a  dog  in  a  fatal  doee,  the  epithelium  separates  after  death 
with  fiKilit7(0rfila).  It  dilates  the  pupil  when  taken  internally  (Orfila).  6  milli- 
grammes BtoElced  to  kill  a  middle-sized  dog  in  3  minutes.  When  ^th  of  a  grain  was  dropped 
into  the  eye  of  a  cat,  contraction  of  the  pupil  took  place  follAwed  by  narcotic  symptoma 
which  passed  off  in  an  hour.  Nicotine  has  a  strong  alkaline  reaction ;  it  strongly  defiecte 
the  plane  of  polarisation  to  the  left.  At  100°  it  dissolves  10-68  per  cent  of  sulphur. 
It  is  very  soluble  in  toater^  alcohol^  eiher^  and  fat  oiis.  Dissolves  in  any  quantity  in 
turpentine  and  hydrocarbons  having  similar  solvent  powers.  Vapour-density  (after 
allowing  for  a  residue  of  3  per  cent,  in  the  balloon)  6*607  ;  calc  6-616. 
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DeeompoHHons. — I.  Nicotine  reetified  erer  so  carpfully  in  a  cnmnt  of  hydrogen 
becotneA  ra^dljr  yellow  and  finall}^  brown  when  exposed  to  light  or  air. — 2.  It  always 
leaves  a  resmons  residne  when  dutilled. — 3.  Bnrns  with  a  bri^t  smo^  flame  in  a  lamp 
with  a  wick. — 4.  EvolTes  inflammable  Taponre  when  heated  to  its  boiling  point. 
—^  Boiling  aulphurio  acid  decomposes  it  entirely. — 6.  Heated  with  tineiure  ^  iod^ns 
It  yields  tn-iodoniootine  (Wertheim). — 7.  When  it  is  dropped  into  cUorvM^  violent 
action  takes  place  sometimes  accompanied  with  emisaioD  of  bg^t ;  and  a  red  oolonr  is 
developed,  which  however  disappears  on  exposure  to  li^t  for  some  days.  This  decolor* 
ised  fluid  treated  with  water,  yields  a  white  substance  which  czTstalJises  fiom  alcohoL 
— 6.  Hydrochlorate  of  nicotine  treated  with  chlorine  yields  a  crystallised  substanco 
■olublp  in  water  but  insoluble  in  aloohoL — 9.  Nitric  acid  decomposes  it,  yielding  m 
liquid  &om  which  alkalis  disengage  a  volatile  base,  probably  ^ylamine  (Anderson). 
— 10.  When  the  alcoholic  solution  is  treated  with  gaseous  eyttnogen,  a  brown  non-basio 
substance  is  formed  (Hofmann,  Stahlschmidt). — 11.  Cyanaic  of  elhyl  forms  with 
nicotine  a  compound  cxystallising  in  beautiful  laminie.    (Wurtx.) 

Reactiana  of  Nicotine. — 1.  Nicotine  in  aqueous  scdution  gives  with  Hneture  of  iodine 
a  yellowish  turbidity  becoming  crimson,  this  reaction  oceozring  even  when  the  nicotin« 
Buution  contains  only  ^^  of  base  (Fosselt  and  Beimann).  According  to  t.  Flanta, 
the  precipitate  is  of  a  kermes-brown  colour.  (Probably  the  tint  changes  as  the  quantity 
of  iodine  tincture  becomes  larger. )— 3.  Aqueous  solution  of  nicotine  gives  white  precipi- 
tates with  solution  of  acetate  of  lead,  utereuric  chloride^  etanmout  and  etannie  ciloridre, 
ealte  of  emc^  and  gaUotannic  acid  ;  with  platinie  ehloridCf  a  yellow  precipitate ;  with 
ferric  salU,  an  ochre-yellow  precipitate  not  soluble  in  excess  of  base;  wim  trichioride 
of  gold,  a  reddish-yellow  precipitate.  With  chloride  of  cobalt,  a  blue  precipitate 
is  formed  becoming  green  and  slightly  soluble  in  excess  dl  base.  When  percMoride 
of  antimony  is  added  drop  by  axoip  to  a  solution  of  phosphoric  acid,  a  liquid  is 
obtained  which  gives  a  slight  turbidity  in  an  aqueous  solution  of  nicotine  containing 
y^jjth  (SchuUe).  With  phoephate  of  magnehunii  an  aqueous  solution  of  nicotine 
gives  a  gelatinous  precipitate.  Hydrochloric  solution  of  nicotine  gives  with  solution 
of  platinie  chloriae  a  yellow  crystalline  precipitate  if  the  solutions  are  strong; 
but  if  weak,  four-sided  prisms  are  deposited  after  a  time.  A  similar  solution 
of  nicotine  gives  with  picric  acid,  sulphur  yellow  flocks,  with  auric  chloride,  light 
yellow  flocks,  sparingly  soluble  in  hydrochloric  add. — 8.  Ifitrie  add  partiall^r  decom- 
posee  nicotine,  with  evolution  of  red  fumes,  the  solution  when  boiled  becoming  of  a 
reddish-brown  colour  similar  to  the  tint  of  a  strong  solution  of  platinie  chloride.  Phoa- 
pho-molybdic  acid  gives  with  nicotine  and  its  salts  a  bright  bulky  yellow  precipitate. 
(Sonnenschein). 

Salts  of  Wtoottno.  Sulphate  of  Nicotine  is  uncrysfallisable,  very  soluble  in  water 
and  in  alcohoL  100  pts.  of  sulphuric  add  neutralise  329*7  of  nicotine,  corresponding 
to  the  formula  2C"H"N»H«.80*.— The  nitraU  crystallises  with  difficulty.— The  hydro- 
chlorate,  C'*H'*N'.2HC1,  is  a  deliquescent  salt  which  may  be  obtained  in  long  fibrous 
crystals  by  treating  nicotine  with  gaseous  hydrochloric  add,  and  keeping  the  product 
for  a  time  in  vacuo.  The  alcohoUc  solution  deflects  the  plane  of  pdartsation  to  the 
right — The  phoBphate  is  obtained  by  neutralising  an  aqueous  solution  of  phosphoric 
acid  with  nicotine^  as  a  syrupy  Uqmd  which  yields  large  laminar  crystals  resembling 
eholesterin. 

Oxalate  of  Nicotine  forms  crystals  very  soluble  in  water  and  boiling  alcohol,  insoluble 
in  ether. — The  acetate  is  a  syrupy  liquid  soluble  in  ether. — The  tartrate  forms  granular 
eiystals  very  soluble  in  water. 

Double  aalte  of  Nicotine.  P{di«niim-«aU,Ci*Hi*N*.2HCLFtCl*.— When  a  solu- 
tion of  platinie  chloride  is  added  to  a  strong  hydrochloric  solution  of  nicotine,  a  yellow 
crystalline  precipitate  is  obtained.  If  the  solutions  are  dilute,  four-sided  prisms  will 
gradually  form,  or  sometimes  large  ruby-red  crystals.  The  salt  is  vary  soluble  in 
slight  excess  of  nicotine ;  dissolves  with  difficult  in  cold,  but  more  easily  in  boiling 
water,  is  insoluble  in  alcohol  and  in  ether. 

Compounds  of  NieoHne  vjUh  Protochloride  of  IHatinum.  a.  C'»H"N*.4HCl.PtCl». 
When  nicotine  is  gradually  added  to  a  hydrochloric  solution  of  platinons  chloride,  the 
mixture  being  agitated,  an  orange-yellow  predpitate  is  obtained  having  the  above  com- 
position (Eae  wsky).  It  is  insoluble  in  cold  water,  but  soluble  in  boiling  water,  and 
iftdeposited  from  the  latter  solution  on  standing  in  tiie  crystalline  form. 

$.  When  the  mother-liquor  of  the  above  salt  is  evaporated,  red  prisms  are  obtained 
containing  only  2  atoms  of  hydioddoric  acid,  C»N«H'*J*tCl«.2HCl.    (Raewsky.) 

Qold-aali.  Hydrochlorate  of  nicotine  added  to  a  solution  of  anrie  chloride  throws 
down  a  psie  yellow  floccolettt  predpitate^  almost  insoluble  in  hydiochloric  acid. 
(t.  PUnta.) 
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Mmrurv-mlt,  of  Ifiootiiu.  1.  With  Mercuric  Chloride,  a.  C*'H><N'.Hg'Cl«.-i- 
Obtatned  oy  precipitating  a  solation  of  mercnrio  chloride  by  a  aolntion  of  niootizie. — 
White  cryBtalline  precipitate,  insoluble  in  water  and  in  ether,  almost  insolnble  in 
ftlcohoL     Melto  below  100°.     (Ortigosa.) 

i5.  C'*H'*N».3Hg'Cl*. — Obtained  by  adding  a  aatnrated  solution  of  mercuric  chloride 
to  a  dilute  solution  of  nicotine  in  hydrochloric  acid,  until  a  permanent  precipitate 
begins  to  be  formed.  The  turbid  liquid  when  left  at  rest  for  some  davs,  yields  the  salt 
in  colourless  or  yellowish  crystals  (^en  an  inch  lon^  sparingly  soluble  in  alcohol  or 
eold  water,  dissolving  readily  and  without  decomposition  in  water  acidulated  with 
hydrochloric  acid,  decomposed  by  boiling  with  water.     (Bodeker.) 

y.  C>*H"K*.HC1.4Hg  CI'.  Crystalline  precipitate  obuined  by  adding  a  cold 
neutral  solution  of  hydrochlorate  of  nicotine  to  a  lai^e  excess  of  aqueous  solution  of 
mercuric  chloride.  Diseolres  in  boiling  water,  yielding  on  cooling  radiating  groups  of 
needles. 

CyaruhckloromereuraU  of  HicoHne.  Obtained  on  adding  to  a  dilute  solution  of 
neutral  hydrochlorate  of  nicotine,  about  an  etjual  volume  of  a  saturated  solution  of 
mercuric  cyanide.  It  is  deposited  in  tufts  of  siUy  needles.  BissolTes  easily  in  cold  or 
boiling  water,  and  in  alcohoh  The  solution  is  not  precipitated  by  hydrate  of  potas- 
sium even  on  heating.  Treated  with  hydrochloric  add,  it  evolves  hydrocyanic  acid. 
Its  formula  has  not  been  determined  with  certainty. 

2.  With  Mtrcuric  lodid*.  a.  0"H"N«.Hg^«.— Colourless  crysUls  obtained  by  tri- 
turating nicotine  with  mercuric  iodide,  and  subsequently  treating  the  mass  with  boiling 
watsr.  Hie  reaction  is  so  euergetic  that  sufficient  heat  is  evolved  to  vaporise  part  of 
the  nicotine. 

fi,  C"H"N'.HgfI*.2HI.  To  prepare  this  salt,  nicotine  is  dissolved  in  dilute 
hydnodic  acid,  and  a  solution  of  mercuric  iodide  in  hydriodic  acid  is  added  until  the 
precipitate  ceases  to  be  redissolved,  and  the  solution  becomes  turbid.  The  salt  soon 
Degins  to  crystallise.  The  mother-liquor  cannot  be  concentrated  without  decomposition. 
Twow  prisms  sparingly  soluble  in  cold  water  and  in  alcohol  Decomposed  bv  boiling 
water,  with  separation  of  a  reddish-yellow  resinous  matter.  Insoluble  in  solution  of 
hydrate  of  potassium. 

Nicotine  with  Hitraie  of  Silver,  a.  C"H*^J70*Ag. — Colourless  prisms  obtamed  on 
mixing  a  eold  dilute  ucoholie  solution  of  nicotine  with  an  excess  of  an  alcoholie 
solation  of  silver  nitrate. 

fi.  2C"H'*N*.N0'Ag.  Prepared  like  the  preceding  but  employing  an  excess  of 
nicotine.  It  is  deposited  in  a  dilute  solution  and  by  spontaneous  evaporaticB  in  fine 
pnsms. 

Compound  of  Nicotine  with  Iodine^  (C"EP*N*)*P. — Ethereal  solutions  of  iodme  and 
nicotine  combine  when  mixed,  evolving  sufficient  heat  to  make  the  ether  boil 
In  a  short  time  the  mixture  becomes  filled  with  crystalsi  In  more  dilute  solutiona 
the  substance  is  deposited  in  the  form  of  ruby-red  needles  (Wertheim).  The  com- 
pound melts  at  100°  without  decomposition.  It  is  decomposed  in  the  cold  by  solution 
of  hydrate  of  potassium,  nicotine  being  liberated  and  iodide  and  iodate  of  potassium 
being  formed.— A  hydrochlorate,  (C"H'*N')^'.2HC1,  is  obtained  in  fine,  dear,  mby-r«d 
crystals,  by  cautiously  saturating  with  hydrochloric  acid  a  very  weak  alcoholic  solution 
of  the  iodine-compound,  and  placing  the  Liquid  in  vacuo. 

Methyl',  EthyUt  and  AmyUderiwUivea  of  Nicotine, 
Hbtstl-Nicotinb.  C"ff*(CH')*N».— Prepared  by  mixing  nicotine  with  iodide  of 
methyL  The  reaction  proceeds  slowly  in  the  cold,  but  \a  greaUy  assifited  by  heat.  The 
crystalline  product  of  the  reaction  is  to  be  reczystallised  from  water.  The  aqueous  solu- 
tion mixed  with  recently  precipitated  oxide  of  silver  yields  iodide  of  silver  and  solution 
of  methyl-nicotine.  The  solution  evaporated  over  sulphuric  add  at  100°  yields  a 
visdd  mass  containing  methyl-nicotine. 

Methyl-nicotine  is  soluble  in  water,  yielding  a  hitter  alkaline  solution  which  feels 
slippeiT  between  the  fingers.  The  solution  saturates  adds,  forming  salts  of  which 
the  sulphate,  hydrochlomte,  nitrate  and  hydrocyanate  crystallise,  but  with  difficulty 
(Stahlschmidt).  The  hydrofluate,  acetate,  oxalate  and  tartrate  do  not  crystallise. 
The  alkaline  solution  described  above  predpitates  salts  of  iron  and  copper ;  it  also  dis- 
solves reeentty  predpitated  hydrate  of  aluminium.    (Stahlschmidt.) 

Bydriodaie  of  Methyl^ieotine^  C'*H'*N*.2HI.  The  atom  of  nicotine  unquestion 
ably  contuning  10  atoms  of  carbon  (C  >-  12),  we  may  assume  that  it  reacts  upon 
2  atoms  of  iodide  of  methyl,  so  that  the  resulting  compound  has  the  above  formula. 
It  is  prepared  by  the  action  of  iodide  of  methyl  on  nicotine  as  above.  (Stahl- 
schmidt) 

The  ptatimm-aaU   of  methyl^ieotuu,    Ci'Hi«N*.2HCl.Pta\    is    a   erystaUia* 
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powder,  sparingly  soluble  in  cold  water,  insoluble  in  aloohoL — ^The  gM-sait^ 
C"H"K'.2HC1.2AuCl',  is  a  pale  jeliow  precipitate^  almost  insoluble  in  eold  water  and 
alcohol. 

KTHTi-Nicomra.  The  hydrate  of  this  base  is  prepared  by  a  simiUr  process  to  tlw 
hydrate  of  methyl-niootine,  sabstitnting  iodide  of  ^yl  for  iodide  of  methyL  Its  pxo- 
perties  are  similar  to  those  of- methyl-nicotine. 

HydriodaU  of  Ethyl  nicotine,  C*'H''N'.2HI,  obtained  by  the  action  of  iodide  of  ethyl 
on  nicotine  in  sealed  tubes  at  100°,  forms  fine  colonrless  prisms,  very  soluble  in  water, 
spanngly  in  aloehol  and  ether  (Yon  Planta  and  Keknl^). — l!he  plaiinum-salt, 
C"H'^.2HClPtCl*,  is  a  yellow  flocculent  precipitate  which  gradually  beoomea 
orange  ooloured  and  cxTstaUine.— The  gold  $aU,  C>*H"N^.2HCL2AuCl',  is  a  sulphur- 
yellow  precipitate  produced  bjr  adding  solution  of  trichloride  of  gold  to  a  solution 
of  hydrochlorate  of  ethyl-niootine ;  it  is  soluble  in  boiling  water  uid  is  deposited  in 
beautify  needles  on  cooling. 

AicTL-iacoTDm.  Known  only  in  solution  and  in  the  state  of  platinum-salt  It  ia 
prepared  in  the  same  manner  as  the  corresponding  compounds  of  methyl  and  ethyl, 
only  as  iodide  of  amyl  acts  sluggish^,  the  tubes  must  be  neated  for  some  days. 

The  plaHnum^alt,  C*'H"N'.2HCLPtCl^  is  a  yeUow  precipitate  not  yet  obtained 
In  the  crystalline  state.  C.  0.  W. 

WZOSUUV.  A  riscous  substance  obtained  fxomHRgtUa  saHoa.  (Beinscb, 
Pharm.  Centr.,  1842,  p.  314.) 

VZOazc  ACZS.  This  name  was  applied  by  Lowig  and  Weidmanntoa 
black  humus-like  substance  found  among  the  products  of  the  action  of  potassium  or 
sodium  on  oxalic  ether.  They  assigned  to  it  the  formula  C^H)\  (Handw.  d.  Chem. 
T.  673.) 

moxxw.  A  mixture  of  rutile  with  titaniferous  iron,  occurring  in  brown-black 
granules  in  the  gold-sand  of  Ohlaflan  in  Transylvania;  also  in  crystals  having  the 
form  of  rutile  at  Bemau  in  Bavaria.    {BamnuUber^M  Mvwralchemit,  p.  1008.) 


An  impure  oxide  of  zinc  which  collects  on  the  sides  of  the 
fomoces  in  the  smelting  of  sine-ores  and  the  preparation  of  brass. 


irxVAnXASB,  wmAWWSWMM^  WSMAVBTZ8&     Laurent^s  names  fbr 

moni-,  di-,  and  tn-nitronaphthalene. 

srzarAVKTBTUUCnra.  Ninapkthglidine,  C^B^SK>  (C.  8.  Wood,  Chem. 
Gas;  1859,  p.  218). — ^An  organic  base  produced  by  passing  sulphydric  acid  gas  throngh 
a  boiling  alcoholic  and  feebly  ammoniacal  solution  of  dinitronaphthalene : 

C»H*(NO»)«  +  4H'S     «     C»H«1TO  +  3H«0  +  8K 

The  passage  of  the  gas  is  continued  for  about  three  hours,  by  which  time  the  greater 
part  of  the  alcohol  has  distilled  off.  The  residue  is  then  supersaturated  with  dilnte 
sulphuric  acid^  heated  to  boiling,  and  filtered.  The  filtrate  on  cooling  deposits  sulphate 
of  ninaphthylamine,  &om  the  solution  of  which  the  base  may  be  precipitated  by  am- 
monia. 

Ninaphthyl amine  crystallises  in  beautiful  carmine-red  needles,  slightly  decomposed 
at  100®  The  hydrochlorate,  C'»H«N»0.HC1.  forms  acicolar  crystals;  the  ehhroplati- 
naU,  2(^C'*H"N'H!).HC1)  J*tCl*,  is  precipitated  in  yellowish-brown,  rather  soluble  crystals, 
on  adding  platinic  chloride  to  a  solution  of  the  base  in  ether-alcohol.  The  *ulphat€ 
(C'*U*N'0)'.H'SO',  crystallises  in  white  scales,  but  is  decomposed  by  recrystallisatioa 
from  its  aqueous  solution. 

mOBXTB,  or  CclwmbiU.    Native  niobate  of  iron  and  manganese  (p.  54). 

irzoanrM.    Sya.  Cdumbium.    Svmbol  Nb.— Atomic  weight,  94. 

A  metal  discoreied  in  1601  by  Hatchett^  in  a  black  mineral  called  columbite  from 
Korth  America,  and  thence  called  Columbium.  Wollaston  in  1809  examined  it 
further,  and  pronounced  it  to  be  identical  with  the  tantiilnm  discovered  by  Ekeberg, 
in  Swedish  tantalite.  This  idea  of  the  identity  of  the  two  metab  remained  current 
till  1846,  when  H.  Bose  (Pogg.  Ann.  Ixiii.  317  ;  Ixix.  116),  by  a  more  careful  investi- 
gation, was  led  to  conclude  that  the  American  columbite  and  the  tantalite  &om 
Bodenmais  in  Bavaria  contained  two  acids  bearing  a  very  close  resemblance  to  tantalio 
add,  but  nevertheless  distinct  &om  it,  and  from,  each  other.  To  the  metals  supposed 
to  exist  in  these  acids,  Bose  assigned  the  names  Ninbium  and  Pehpium.  But  from 
later  investigations  (Pogg.  Ann.  xc.  45R),  he  inferred  that  these  two  acids  contained  ' 
tha  same  metal  associaS  with  different  quandUes  of  oxygen;  he  therefore  discazded 
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the  oftme  pelopinm,  and  designated  the  metal  fonnd  in  American  odlambite  and 
Samrian  taotalite  as  niobium.  This  metal  is  clearly  the  same  as  the  one disooTered 
bjr  Hatchett  more  than  sixty  years  ago,  and  ought  perhaps,  in  justice  to  ita  discoverer, 
to  retain  the  name  oolumhmm  which  ne  gave  to  it ;  but  as  the  rediscovery  of  the  metal 
is  certainly  due  to  Bose,  who  morftover  prepared  and  analysed  a  considerable  number 
of  its  compounds,  chemists  are,  for  the  most  part,  agreed  to  designate  it  by  the  name 
which  he  awigned  to  it,  namely  Niobium.  (See  the  Memoirs  already  cited;  also 
Fogg.  Ann.  civ.  310,  432  and  681 ;  cv.  424 ;  en.  143 ;  cvii.  566 ;  eviii.  273  and  466  ; 
czi.  193  and  426  ;  ocii.  468  and  649.— Jahresber.  1868,  p.  161 ;  1869,  p.  166 ;  1860, 
pA4l>.—2hUUcompUtdeChimieanalytigue,-petU,Ro99;Ftais,  1868,1861;  i.  306; 
li.  469.) 

Niobium  occurs,  as  already  mentioned,  in  cdumbite,  which  is  a  niobate  of  iron  md 
manganese,  in  most  cases  partly  replaced  by  tantalum ;  certain  Greenland  columbites, 
however,  contain  niobium  unmixed  with  tantalum;  tantalitee,  on  the  other  hand, 
generally  contain  niobium  as  well  as  tantalum.  (See  TAirrALtni.)  Niobium  likewise 
occnra  associated  with  yttrium,  uranium,  iron,  and  small  quantities  of  other  metals,  in 
Siberian  samarakite,  uranotantalite  or  yttrO'ilmeuite,  also  in  pyrochlore,  euxenite,and 
a  variety  of  pitchblende  from  Satersdalen  in  Norway. 

Now  when  pure  Qreenland  columbite  is  f^ised  with  caustic  alkali,  or  with  add 
sulphate  of  potassium,  and  the  fused  mass  treated  with  water.  Sec,  in  the  manner  to 
be  nereafter  described,  an  oxide  of  niobium  is  obtained,  which,  when  mixed  with 
charcoal  and  ignited  in  a  stream  of  chlorine,  yields  two  chlorine  compounds,  one  white 
and  the  other  yellow.  These  were  regarded  by  Bose  as  distinct  chlorides  of  niobium* 
NbCl'  and  NbOl*,  and  when  txeated  with  water,  were  fftt|^K>sed  to  yield  the  oorr»- 
spottding  oxides  Nb*0«  and  NbO«. 

It  was  remarkable,  however,  that  the  lower  oxide  could  not  be  converted  into  the 
higher  by  direct  oxidatiofl ;  and  for  this  reason,  as  well  as  on  account  of  certain  diffe- 
rences in  the  blowpipe  reactions,  Bose  regarded  these  oxides,  and  their  corresponding 
compounds,  not  as  related  to  one  another  like  different  oxides,  chloridm,  &&  of  one 
and  the  same  metal  (the  ferrous  and  ferric  compounds  f>r  example),  but  rather  as 
distinct  series  of  compounds  containing  the  same  metal  in  different  allotropic  modifi- 
cations. Hence  he  designated  the  hi^er  oxide,  &c.,  as  compounds  of  n$Mmm;  the 
lower  as  compounds  of  kyjxmiobium.  But  on  the  other  hand,  the  two  chlorides  were 
found  to  be  convertible,  one  into  the  other,  and  by  their  intervention  the  higher  oxide 
could  bo  formed  from  the  lower ;  moreover  the  lower  oxide  appeared  to  be  formed 
(though  not  readily)  from  the  higher,  by  the  action  of  hydrogen  and  other  reducing 
agents.  In  these  respects,  therefore,  the  so-called  hyponiobium  compounds  seemed 
to  be  related  to  the  niobium  compounds  in  the  same  manner  as  diflerent  oxides,  &c.y 
of  the  same  metaU 

The  clue  to  the  explanation  of  all  these  anomalies  has  been  ftunished  by  the 
recent  investigations  of  Marignac  (Compt.  rend.  Ix.  234,  1356;  Ann.  Gh.  Fharm. 
exxxv.  49 ;  cxxxvi.  295 ;  Archives  des  Sciences  physiques  et  naturelles,  xxiii.  167. 
249 ;  XXV.  5;  Jahresb.  1865,  p.  198),  which  have  shown  that  there  is  but  one  chlo- 
ride of  niobium,  vis.  the  yellow  chloride  above  mentioned,  which  is  a  pentachloride, 
NbCl' ;  that  the  white  chlorinoHsomponnd  formed  at  the  same  time  is  an  oxychlo- 
ride,  NbOCl';  that  both  these  compounds  when  treated  with  water,  yield  the  pen* 
toxideNb'O*,  which  is  identical  in  all  its  properties  with  Bose's  lower  oxide  (Nb'O*); 
and  that  his  supposed  higher  oxide  (NbO*),  was  merely  a  mlTture  of  niobic  and  tan- 
talic  oxides ;  in  fact  Bose's  experiments  were  made  with  niobium  compounds  pre- 
pared from  columbites  containing  tantalum  as  well  as  niobium;  and,  according  to 
his  own  descriptions,  the  so-call^  niobic  acid  and  its  salts  (originally  regarded 
an  compounds  of  a  distinct  metal — pelopium),  invariably  exhibited  characters  inter- 
mediate between  the  corresponding  compounds  of  hyponiobium  and  tantalum. 
Marignac's  results  have  been  con6Lmed  by  Blomstrana  (J.  pr.  Chem.  zerii.  67; 
Jahresb.  1866,  p.  207). 

JlfetaUie  niolnum  is  obtained,  according  to  Bose,  by  heating  fluoride  of  niobium,  or 
flaoride  of  niobium  and  potassium  or  sodium,  with  sodium  in  a  covered  iron  crucible, 
and  washing  out  the  soluble  salts  with  water.  It  is  a  black  powder,  of  specifio 
gravity  6*27—6*67,  which  oxidises  with  incandescence  when  heated  in  the  air, 
forming  niobic  oxide,  Nb'O*.  When  somewhat  strongly  heated  in  ohloriM  aa»,  it  is 
convwtod,  also  with  incandescence,  into  a  mixture  of  niobic  chloride  and  oxychloride. 

According  to  Delafontaine  (Jahresb.  1866,  p.  205)  the  product  obtained  as  above 
is  notmetaUic  niobium,  but  a  protoxide,  NbO,  which  is  not  attacked  by  water,  caustie 
alkalis,  or  strong  acids,  even  at  the  boiling  heat  The  presence  of  oxygen  in  it  was 
not  directly  proved,  but  was  inferred  from  the  formation  of  oxychloride,  NbOCl',  on 
heating  it  in  chlorine  gas,  and  from  the  quantity  of  oxygen  required  to  convert  it  into  the 
pentoxide.     For  metaUic  niobium  this  quantity  should  be  39*86  per  cent,  of  itf  weight : 

Vou  IV.  K 


«0  NIOBIUM,  CHLORIDE  OF. 

fag  thfl  protaiide  22*64  per  cent  Now  Delafontaine  fonnd  that  the  black  powder,  n  hooi 
Toorted,  gained  from  17  to  19'3  per  cent,  of  its  weight ;  and  the  increase  observed  by 
Bose  was  from  20*6  to  22'2.  Acooidiiig  to  Blomstrand,  pure  nioHc  chloride  ia 
rodoeed  by  h/drogen,  at  a  red  heat,  to  iridescent  steel-grej  metallic  niobimn. 

JROBXVIK,  BftOMXSB  OV.  Niobic  bromide  and  oxybxomide  are  analogous 
in  composition  to  the  chloride  and  oxychloride,  and  are  obtained  by  similar  piocessee ; 
the  former  is  purple  red,  the  latter  yellowish ;  both  are  apt  to  retain  email  qnanthiea 
of  free  bromins. 

WZOBX0Mv  OBXiOXZBa  or.  NbCl*.  This  compoond  is  obtained,  together  with 
the  ozychloride,  by  the  action  of  chlorine  at  a  red  heat  on  the  corresponding  oxide 
mixed  with  charcoal.  Niobic  oxide,  separated  from  colnmbite  by  processes  to  be  here- 
after described,  is  mixed  with  starch  or  sugar,  and  the  mixture  completely  charred  by 
ignition  in  a  covered  crocible.  It  is  then  introduced  in  small  pieces  into  a  glass 
tube,  which  is  strongly  heated  by  a  charcoal  fire  or  a  gas  furnace,  while  a  stream  of 
dry  carbonic  anhydride  is  passed  through  it.  As  soon  as  all  the  moisture  is  expelled, 
the  tube  is  left  to  oooL,  the  stream  of  carbonic  anhydride  being  still  kept  up;  the 
carbonic  anhydride  apparatus  is  then  replaced  by  a  chlorine  apparatus ;  and  the  tube 
is  again  heated  after  the  carbonic  anhydride  and  atmospheric  air  hare  been  com- 
pletely expelled  by  the  chlorine.  Two  chlorine  compounds  are  thus  obtained — Tia. 
miobio  oxyckloride,  white,  volatile,  but  not  fusible,  and  nioino  chloride,  yellow,  volatile, 
and  easily  fusible. 

Nioino  ehhride  is  yellow.  It  is  converted  Inr  water  into  niobic  oxide,  Nb'O*,  and 
hvdrochloric  acid ;  by  aqueous  ammonia  into  niobic  oxide  and  chloride  of  ammonium  ; 
yielding,  according  to  Marignac,  65-28  pts.  of  chlorine  to  49'39  niobic  oxide,  the 
calculated  quantities  being  66*38  chlorine  to  49'35  niobic  oxide.  Its  vapour-density, 
according  to  Deville  and  Trooat  (CompL  rend.  Ix.  1221 ;  Ann.  Gh.  Fharm.  cxxxvi. 

249),  is  9'6 ;  calculation  from  the  formuU  NbCl»  gives  ^^  +  ^  ■  ^^'^  ^  0*0698  -  9-4 

Niobic  chloride,  treated  with  strong  trntpkurie  acid,  gives  off  hydrochloric  acid,  and 
Ibnns  a  solution  which  becomes  turbid  on  boiling,  and  solidifies  to  a  jelly  on  cooling. 
It  dissolves  in  hydrochloric  acid,  and  with  aid  of  heat  in  aqueous  ^to«A,  With  alcohol 
it  fcnrms  a  clear  solution,  which,  ^en  freed  by  distillation,  from  alcohol,  hydrochloric 
add,  and  chloride  of  ethyl,  leaves  a  thick  syrupy  liquid,  consisting  of  niobate  of 
ethyl.  ZtfkT  immersed  in  the  hydrochloric  solution  of  niobic  chloride,  diluted  with 
water,  produces  a  fine  blue  coloration ;  a  still  finer  colour  is  obtained  by  pouring 
sulphuric  acid  on  niobic  oxychloride,  then  adding  water  and  metallic  zinc 

aiolrie  oxychloride,  NbOCl',  is  white,  and  contains,  according  to  the  analysis  of 
Deville  and  Troost,  4S'2  per  cent,  niobium,  48-9  chlorine,  and  7*3  oxygen,  the 
formula  requiring  48-8  niobium,  49-4  chlorine,  and  7*3  o^gen.  The  ra^ur-density, 
determined  by  the  experiments  of  Deville  and  Troost,  is  7*9 ;  calculation  from  the 
formula  NbOCl"  leqniree  ^^  "^   ^^  ^  8  .  36-6   ^  ^^gj  _  y.^     r^jj,  compound 

is  instantly  converted  by  water  into  niolne  oxide : 

2NbOCl»  +   8H«0     -     6HCa  +  Nb«0». 
Heated  in  vapour  of  disulphide  of  carbon,  it  ia  converted,  according  toDalafontaine 
into  niobic  oxysulphide,  Nb'0'8'. 

XXOBZITM,  »»1'*CT10JI  ASTB  ■STZMATIOV  OV.  1.  Seaeiions.— 
The  compounds  of  niobium  cannot  easily  be  mistaken  for  those  of  any  other  metal, 
except  tantalum.  Indeed  these  two  metals  may  be  said  to  form  a  group  apart,  dis- 
tinguished bv  marked  characters  from  all  others,  especially  by  the  p^ect  insolubility 
of  their  oxides  in  acids  after  ignition,  and  by  their  blowpipe  reactions ;  further  by 
the  fact  that  when  fused  with  excess  of  acid  sulphate  of  potassium,  they  di  ssolve,  forming 
a  fused  mass  from  which  the  oxide  of  niobium  or  of  tantalum  may  be  completely 
aeparated  in  the  insoluble  state  by  dissolving  out  the  soluble  salts  with  water;  from 
sinea,  which  resembles  these  oxi<W8  in  its  insolubility  in  acids  after  ignition,  they  are 
easily  distinguished  by  their  blowpipe  reactions. 

Niobic  oxide  heated  before  the  blowpipe,  especially  in  the  inner  flame,  assumes  a 
greenish-yellow  colour  while  hot,  but  becomes  colourless  on  cooling.  With  borax  it 
forms  in  the  outer  fiame  a  colourless  bead,  which,  if  the  oxide  is  in  sufficient  quantity, 
becomes  opaque  by  interrupted  blowing  or  Jiaming.  In  the  inner  flame  the  bead 
assumes  a  greyish-blue  colour,  provided  it  contains  a  sufficient  quantity  of  the  oxide 
to  produce  opacity  on  cooling.  In  microoo»m$a  salt,  niobic  oxide  dissolves  in  large 
quantity,  forming  a  colourless  bead  in  the  outer  flame,  and  in  the  inner,  a  violet* 
coloured,  or  if  the  bead  is  saturated  with  the  oxide,  a  beautiful  blue  bead,  the  colour 
disappearing  in  the  outer  flame.  The  addition  of  ferrous  sulphate  changes  the  colour 
toblood-roa. 
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All  the  mobiuni-«ompomids  hitherto  discoTered  in  natural  minerab  are  salta  ol 
«iobic  acid.  The  ntobates  bear  a  close  resemblance  to  the  tantalales,  but  are  distin- 
guished : — 1.  By  the  very  different  deositieB  of  the  oxides  or  anhydrides  obtained  from 
tiiem,  tantalic  oxide  having  a  density  of  7*6,  whereas  that  of  niobic  oxide  is  only 
about  4-fi. — 2.  By  the  behaviour  of  these  oxides  before  the  blovpipe. — 3.  By  the 
behaviour  of  the  solutions  of  the  alkaline  niobates  and  tantalates  with  hydrochloric 
acid  at  ordinair  temperatures,  the  precipitated  niobic  oxide  being  insoluble  in  excess 
of  that  acid,  Toereas  the  tantalic  oxide  precipitated  from  the  tantalates  dissolves  in 
excess  of  hydrochloric  acid,  forming  a  slightly  opaline  liquid.— 4.  The  residue  left 
on  evaporating  the  solutions  of  the  alkaline  niobates  may  be  heated  (bat  not  calcined) 
without  giving  rise  to  the  separation  of  acid  salts  insoluble  in  the  alkaline  liquid, 
whereas  with  the  tantalates  a  very  considerable  portion  of  the  salt  is  separated  in  this 
insoluble  condition. — 6.  Kiobic  oxide  is  also  distinguished  from  tantalic  oxide  by  the 
&cilitv  with  which  it  is  decomposed  by  ammonia  gas  and  sulphydric  acid  gas. 

6.  The  alkaline  niobates  in  solution  may  be  4iBtingaished  from  the  tantalates  bj 
their  reactions  with  hydrochloric  acid,  sal-atiunoniac,  ferrocyanide  of  potassium,  ana 
infusion  of  galls,  the  last  three  reagents  being  added  to  acid  soIutionB. 


I 


Hydrochloric  add. 
Chloride  of  ammonium. 


Ferrocyanide  of  potas- 
sium. 

Ferricyanide  of  potas- 
sium. 

lufumon  of  galls. 


Niobates* 


White  precipitate  insoluble 
in  excess. 

Precipitation  slow  and  in- 
complete. 

Bed  precipitate. 

Bright  yellow  precifntate. 

Orange-red  precipitate. 


TantalaUs, 


White  precipitate  soluble  in 


Complete  precipitation  as 
acid  tantalate  of  ammo- 
nium. 

Yellow  precipitate. 

White  predpitata. 
Light  yellow  predpitata^ 


2.  B$timation  and  Separation. — The  native  niobates  are  partially  deeom- 
pooed  by  heating  with  strong  sulphuric  add,  and  completely  by  fusion  with  caustie 
alkalisi  or  by  long-continued  fusion  at  a  very  high  temperature  with  alkaline  car- 
bonates. A  better  method,  however  is  to  fuse  the  levigated  columbite  in  a  platinum 
crucible  with  six  or  eight  times  its  weight  of  add  sulphate  of  potassium ;  pulverise 
the  mass  when  cold ;  and  boil  it  repeatedly  with  fr^h  quantities  of  water  till  no 
more  sulphate  of  potassium,  iron,  or  manganese  is  dissolved  out  of  it.  The  residue, 
which  consists  of  hydrated  niobic  acid  mixed  with  ferric  oxide,  stannic  acid,  and 
tungstic  acid,  is  then  digested  in  sulphide  of  ammonium  containing  excess  of  sul- 
phur, which  removes  the  stannic  and  tun^tic  adds,  and  converts  the  iron  into 
sulphide ;  the  liquid  is  filtered,  and  the  niobic  acid  washed  with  water  containing 
Bulj^ide  of  ammonium,  then  boiled  with  strong  hydrochloric  add  to  remove  iron, 
manganese,  uranium,  cerium,  copper,  &c.,  and  finally  washed  with  boiling  water. 
Thehydrated  niobic  acid  thus  prepared  is  converted  into  the  anhydride  by  ignition. 

Some  columbitee  contain  titanic  acid.  To  separate  this,  the  mineral  is  fSsed  with 
about  twelve  times  its  weight  of  aCid  sulphate  of  potassium,  and  the  ftised  mass  is 
treated  with  cold  water.  Add  sulphate  of  titanic  oxide  then  dissolves,  while  the  sul- 
phate of  niobic  oxide  remains  undissolved.  The  residue  is  then  washed  with  water; 
but  to  obtain  complete  separation,  it  is  necessary  to  repeat  this  treatment  both  with 
this  residue  and  with  the  titanic  acid  precipitated  from  the  filtrate  by  ammonia. 

The  separation  of  niobium  from  tantalum  is  efi&cted  by  means  of  add  fi-uoride  of 
potasitum^  wherel^  the  tantalum  is  converted  into  fluotantalateof  potassium,  requiring 
IdL  to  167  pts.  of  water  acidulated  with  hydrofluoric  add  to  dissolve  it  at  ordinazr 
temperatures,  and  the  niobium  into  fluoxyniobate  of  potassium,  2KFJn)0F'.H'O, 
solttole  in  12  to  13  parts  of  cold  water.  The  finely  pulverised  mineral  is  fused  with 
five  or  six  times  its  weight  of  acid  potassium-sulphate ;  and  the  niobic  acid  thereby 
sppar^ed  is  thoroughly  washed,  then  ignited  and  weighed ;  sgain  fused  with  acid 
potassium-sulphate,  boiled  out  with  water,  and  dissolved  in  hydrofiuoric  acid.  The 
solution,  heated  to  the  boiling-point,  is  mixed  with  a  small  quantity  of  hydropotassic 
fluoride  (0-26  erm.  to  each  gramme  of  the  mixed  niobic  and  tantalic  oxides),  and  if 
no  crystallisation  takes  place,  it  is  evaporated  to  a  smaller  bulk  (about  7  cub.  cent,  for 
1  gramme  of  the  mixed  oxides) ;  and  the  potassio-tantalic  fluoride  which  then  sepa- 
rates, is  collected  and  washed  till  the  filtnte  no  longer  gives  the  reaction  of  niobium 
(an  orange-yellow  precipitate)  with  tincture'  of  gaiJs.  By  treating  the  filtrate  and 
wash-waters  in  a  similar  manner,  and  with  certain  precautions  detailed  in  Harignac's 
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memoir,  the  teparatioa  of  the  niobium  and  tantalum  may  be  effected  almost  eon* 

pletely. 

From  the  a  1  k  al  i  fl,  niobic  acid  may  be  separated  if  in  solution,  b^  preci|nta^Gn  with 
Bulphuric  acid ;  if  in  Uie  form  of  an  inaoluble  compound  (aa  in  tynte),  by  foaion  with 
sulphate  of  ammoniuzo. 

for  further  details  on  the  separation  of  niobium  from  other  dement*,  see  H.  Bosa^ 
TVaiti  de  CAtmte  aauUgftique,  ii.  469. 

The  atomic  weight  of  niobium  was  estimated  by  Bose  at  98 :  but  the  number 
94  determined  by  Marignac  from  his  analysis  of  the  niobates  and  fiuoxyniobatea 
agrees  veiy  closely  with  the  Tapour-densities  of  niobic  chloride  and  oxychlorxd^  aa 
determined  by  DeriUe  and  Troost,  and  is  now  admitted  to  be  oorreet 

mOBIVM,  r&irOSZn-COaCVOinmB  or.  Kiobinm  forms  a  fluoride 
KbP.  and  an  oxyflaoride  NbOF*,  analogous  to  the  chloride  and  oxychloride  ;  both 
form  double  salts  with  the  chlorides  of  the  alkali-metals  and  other  basic  metals. 

Fiuosyniobatei, — By  dissolring  niobic  add  in  hydrofluoric  acid,  an  oxyfluorida 
of  niobium  is  obtained,  having  the  composition  KbOF",  and  forming  salts  isomor- 
phous  with  the  fluotitanatee,  fiuostaimates,  and  fluotnngstates. 

PotasBtum-saltB. — Asolutionof  niobic  acid  in  hydrofluoric  acid  mixed  with  fluo- 
ride of  potassium  yields  a  series  of  fluoxyniobates,  five  of  which  have  been  obtained  by 
Marignac  in  definite  form.  One  of  these  is  permanent ;  the  others  are  converted  into 
this  normal  salt  by  recxystaliisation.  The  fiuoniobate  crystallises  out  only  in  pseeence 
of  excess  of  hydrofluoric  acid.  All  the  fluoxyniobates  are  insoluble  in  a  saturated 
solution  of  potassium-fluoride  ;  and  more  soluble  in  warm  than  in  cold  water.  FVom 
the  perfectly  clear  solution,  ammonia  throws  down  niobic  acid  containing  potash.  By 
eTODoration  with  sulphuric  acid,  they  are  decomposed ;  and  on  treating  the  product 
with  water,  niobic  acid  remains  as  an  insoluble  powder,  very  easy  to  wash,  while  the 
whole  of  the  alkali  remains  in  solution.  This  reaction  is  available  for  the  quantitative 
analysts  <^  these  salts.     The  individual  salts  aro  as  follows: 

a.  Laminar  or  Normal  salt,  2KF.KbOF'.HK). — This  salt  separates  from  aqueoua 
solution  in  very  thin  laminae,  so  that  moderately  concentrated  solutions  solidiff  to  a 
jelly.  In  presence  of  a  small  quantity  of  free  hydrochloric  acid,  it  cxrstailises  in 
rhomboidal  tables,  belonging  to  the  monoclinie  system,  and  exhibiting  tne  combina- 
tion ooP  .  oP .  ooPoo .  +  poo .  +  3P,  sometimes  also  with  +  P  and  +  |P.  Angle  ooP  : 
«P  (clinod.)  «  92°  (f;  oP :  +Poo  =  61*  26';  +8P:  +8P  =  90°  10^;  +8P  : 
-t-Poo  M  126°  S4'.  It  is  therefwe  isomorphous  with  flnotitanate  and  fluoxytungw 
state  of  potassium.  It  gives  off  nearlvall  its  water  at  100°,  and  is  not  decomposed 
at  200°.  It  dissolves  vezy  easily  in  hot  water,  and  lequirea  for  solution  from  12*6 
to  13  pta.  of  cold  water  (at  17^  to  21°),  in  presence  of  hydrofluoric  acid  somewhat 
less. 

0.  Cuboid  aaU,  SEFJTbOF*. — Crystallises  from  solutiona  containing  excess  of 
potassium-fluoride,  in  forms  resembling  the  cnbe  but  not  belonging  to  the  monometrio 
system ;  when  recrystallised  from  water  it  yields  the  salt  a. 

y.  Aoicular  salt,  8EFJ7bOF*.HF. — Separates  from  solutions  containing  excess  of 
hydrofluoric  acid  and  potassium-fluoride,  in  slender  needles,  or  by  slow  c^rstcdluation  in 
well-developpd  monoclinie  prisms  exhibiting  the  combination  ^-P  .  —  P  .ooP  .  ooPoo  . 
oF,  sometime  united  as  twins  by  Uie  side  odPoo  ,  and  thence  resembling  rhombic 
octahedrons.  Angle  ooP  :  ooP  -  116°  fiO* ;  -P  :  -P  (clinod.)  -  138°  SO';  +P : 
+  P  (clinod.)  »  186°  84';  ooP :  -P  -  184°  S'.  The  salt  does  not  alterat  100°, but 
when  heated  to  its  melting  point,  it  is  converted  into  the  anhydrous  salt  3KFJn)0F*, 

8.  Hexagonal  Malt,  5KF.3NbOF'.HH). — ^When  a  solution  of  niobic  acid  in  hydro- 
fluoric acid  is  mixed  with  less  than  an  equivalent  quantity  of  potassium-fluoride,  the 
salt  a  crystallisea  out  flrst,  and  afterwaids  the  hexagonal  salt  in  apparently  hexa- 
gonal monoclinie  prisms,  mostly  grown  t(wether  and  imperfectly  developed. 

».  Tridinic  salt,  4KF.3NbOP».2H^O,— When  an  excess  of  niobic  fluoride  has  accu- 
mulajted  in  the  mother-liquor  of  the  last-mentioned  salt,  the  tridinic  salt  ultimately 
crystallises  in  intergrown,  apparently  rectangular  prisms. 

Flvonvibate  of  PotasHvmt  2KF,NbF*,  is  obtained  by  dissolving  the  fluoxynio- 
bate  a  in  warm  hydrofluoric  acid,  and  crystallises  on  cooling  in  needle-shaped  tri- 
metric  c^tals  isomorphous  with  the  fluotontalate,  and  exbibitiDg  the  combination 
obP  .  ooPoo  .  P«  Angle  ooP  :  ooP  -  112°  30*;  ooP  :  odPqo  «  124°;  oo^oo  :  f<x> 
- 1  Ifi°  IC ;  f  00 :  Poo  -  120°  30'.  The  crystals  give  off  hydrofluoric  acid  when  heated 
alone  in  contact  with  the  air ;  with  excess  of  lead-oxide  they  may  be  fused  at  a  red 
heat  without  loss  of  weight.  Their  aqueous  solution  prepared  at  a  high  temperature, 
yialds,  on  cooling,  a  cry^aliifation  of  laminar  potassium  fiuoxyniobate  (a),  and  a  very 
•dd  mother-liquor. 
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Ibt  /luoxvniobate  kdA  flmoniobate  of  sodium  were  obtained  b j  Harignac 
only  in  crystaUine  crusts  whi^  appeared  to  be  miztum. 

Fluoxyniohates  of  Ammonium, — Several  of  these  salts  vera  obtained  in  tlie 
same  manner  as  the  potasaimn-B&lts ;  they  are  all  likewise  conTerted  by  recrystallisatioa 
into  one  and  the  same  laminar  salt. 

a.  Laminar  taltj  2NH*F.KbOF'. — Not  isomorphous  with  the  corresponding  pots«- 
sium-salt,  and  mnch  more  solnble  than  the  latter.  The  crystals,  which  belong  to  Um 
trimetric  system,  exhibit  the  combination  Poo .  ^Poo .  ^ao .  ^^oo .  oP,  and  assome  a 
tabular  form  in  consequence  of  the  developmettt  of  the  basal  &C8S.  Angle  oF  :  Poo 
-  H20  86';oP:iI>8o  -  141«30';oP:f«-.  184<*60';P<jo:Pao  «  106" ^O'.  Tba 
salt  may  be  heated  to  1 80°  without  loss  of  weight 

fi.  Cubic  taU,  SKH^F.NbOF*. — CzyBtalUsea,  like  basic  fluosiroonate  of  ammonium^ 
in  cubes  or  cubo-octahedrons. 

y.  Hexagonal  Salt,  6NH*F.SNbOP.HH).— Gtystallises  from  solutions  oontaixdng 
excess  of  niobic  fluozide,  in  short  hexagonal  prisms,  acuminated  by  a  very  obtase 
pyramid  of  the  second  otder. 

8.  SeeiampUar  aaltf  NH*F.NbOF*. — Separates  from  the  mother-liquor  of  the  pr»- 
cedinff  salt  in  groups  of  four-sided  prisms,  the  a78taUi]ie  form  of  which  coold  not  ht 
exactly  detemuned. 

fUtomobate  qf  Ammommm  has  not  been  obtained  pnre ;  a  solutaen  of  the  laminsi 
salt  a  in  excess  of  hydrofluoric  acid,  yields,  on  oooling,  a  cubic  double  salt  containing 
SNH'F.NbP  +  NHT.NbOP'. 

Ftuoxyniobate  of  Copper,  GnF'.NbOP.4H'0,cryBtalliBee from Teiy concentrated 
solutions  in  blue  shining  flat  octahedrons  belonging  to  the  monodinic  mtem  and  tat- 
hibitiitf  tile  combination  -t-P.— P.o»P.  [oDPao].oP.  Angle  odP:  odP  i-  106<)50'; 
aP:[oDP«>]-126<»30';oP:  -P  -  142°  20^ ;  oP  : odP  -  100^40'.  The  crystals 
are  hygroscopic  and  very  soluble. 

Ftuoxyniobate  o/Ziiitf,ZnP".NbOP,6H'0,  crystallises  in  the  hexagonal  system, 
either  in  needle^haped  prisms  or  in  apparent  dodecahedrons,  on  which  tne  prism  has 
been  observed  together  with  the  primary  rhombohedron  and  a  subordinate  acuter 
rhombohedron.    Angle  R :  R  in  the  terminal  edges  -  127°  S' ;  R  :  ooP  »  1 16°  26'. 

All  these  fluoxyniobates,  with  the  exception  of  one  of  the  potossium-  and  one  of  the 
ammonium-ealts  of  somewhat  complicated  constitution,  have  their  corresponding  teims, 
as  regards  crystalline  form  and  chemical  constitution,  in  the  groups  of  t^e  fluotitanates, 
fluostannatee,  fluotungstates,  and  fluozirconates,  the  fluorine  and  oxygen  replacing  one 
another  isomorphously ;  thus  the  acicularpotassium-salt,  3KF.HF.NbOF',  is  isomoi^ 
phous  with  fluostannate  of  potassium,  3KF.HF.SnF*;  the  lamellar  ammonium-salt,. 
2NH*F.NbOP,  with  flnotungstate  of  ammonium,  2NH«F.W0'F' ;  the  cubic  ammo- 
nium-salt, 8NH*F.NbOF»,  with  fluorirconate  of  ammonium,  3NH*F.ZrF*;  the 
einc-salt  with  the  fluostannate,  fluosilicate,  and  fluotitanate  of  zinc,  &c  It  was  the 
isomorphism  of  these  salts  which  first  led  Uarignac  to  the  discovery  of  the  troa 
constitution  of  the  niobium-compounds. 

WXOazvMf  VZT&xna  OV«  Obtained  byheatin^  niobic  chloride  in  ammonia 
gas.  It  is  a  diUl  black  powder  which  conducts  electricity,  is  not  attacked  by  nitria 
acid,  scarcely  by  nitromuriatic  acid,  but  easily  by  a  mixture  of  nitric  and  hydroflnorie 
acids. 

VZOBZUBKi  oznas  or.  Niobium  forms  a  pentozide  I7b*0*,  analogous  ta 
the  pentachloride ;  also,  according  to  Delafontaine,  a  protoxide  and  a  dioxide. 

Pbotoxidb,  NbO.  This  is  the  black  powder  (resarded  by  Bos«  as  metallio 
niobium),  obtained  by  igniting  fluoride  of  niobium  and  potassium  with  potaasiQiik 
(the  oxygen  bong  derived  from  the  air,  p.  49). 

It  appears  also  to  be  formed,  according  to  DeriUe  and  Troosk  fJahreslK  1866^ 
p.  211),  by  the  action  of  magnesium  on  the  vapour  of  niobic  oxychloride : 

2NbOCl>  +  Mg>    -  8MgCl>  +  2NbO: 
and  by  heating  fluozyniobate  of  potassium  with  sodium : 

2KF.NbOF»   +  Na»    «     SNaF  +  2KP  +  NbO. 

DioxiDB,  NbO'.  This  oxide  remains  as  a  dense  black  powder  with  a  tinge  of 
blue,  when  the  pentoxide  is  heated  to  whiteness  for  several  hours  in  a  stream  of 
hydrogen  (whereupon  it  loses  nearly  6  per  cent,  of  its  weight).  It  is  permanent  la 
the  air  at  ordinary  temperatures,  but  when  heated  to  redness,  is  converted,  with  in- 
candescence, into  white  niobic  oxide,  taking  up  from  6*22  to  6*38  per  cent,  oi^gen, 
(calc.  6-34  per  cent.)  It  is  not  attacked  by  water,  concentrated  acids,,  or  caustift 
alkaUs,  either  in  the  cold  or  at  tho  boiling  heat.    (Pelafontaine). 
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pHNToxiDx  OF  NioBXiTic  NioBic  OxiDB  Of  Akhtdbidb.  In  the  Imlratad 
8tat«,  Niobic  Acid,  This  oxide  may  be  prepared :  1.  By  decomposing  niobic  ctilorids 
or  o^^chloride  with  water. — 2.  By  i^isiBg  colombite  or  other  mizi«al8  containing  it 
with  acid  sulphate  of  potassium  and  treating  the  fused  mass  with  water  &Cr  as 
described  in  speakinff  of  the  estimation  of  niobium  in  these  minerals  (p.  61). 

Niobic  oxide  is  wnite,  bat  becomes  yellow  when  heated,  the  colour  disappeorixig 
again  on  cooling.  Its  specific  gravity  varies  according  to  Uie  d^^ee  of  heat  to  which 
it  has  been  e^^sed  in  preparation.  When  prepared  firom  oolumbite  by  fusion  with 
acid  sulphate  of  potassium,  and  perfectly  purified  from  tantalic  oxide,  it  has  aiter 
ignition  a  specific  gravity  of  4-37  to  4-46 ;  that  obtained  by  prolonged  ignition  of 
fluoxyniobate  of  ammonium  has  a  specific  gravitv  of  4-51  to  4*53  (Harignac). 
That  prepared  by  the  action  of  water  on  the  chloride  is  a  hydrate  (niobic  add) ;  it  is 
Amorphous  and  has  a  density  of  6*25 ;  but  by  exposing  niobic  oxychloride  to  moist 
ur.  so  that  it  may  be  slowly  decomposedf  a  crystalline  hydrate  is  formed  having  a 
density  of  4'6 — 4'7.  By  exposing  the  amorphous  hydrate  to  a  red  heat  for  a  long 
time,  or  to  a  white  heat  for  a  shorter  time,  it  is  converted  into  anhydrous  niobic  oxide 
having  nearly  the  same  density  as  the  crystalline  hydrate.  At  the  highest  tempera- 
ture of  a  pozmain  furnace,  the  oxide  is  converted  into  a  sandy  powder  consisting  nf 
microscopic  crystals,  of  specific  gravity  4*00 ;  in  one  experiment  it  was  fused  at  this 
hiffh  temperature,  and  formed  on  cooling  a  radio-crystalline  mass.     (Rose.) 

The  hydrate  prepared  by  the  action  of  water  on  the  chloride,  and  likewise  that  pre* 
capitated  by  hydrochloric  acid  from  solutions  of  alkaline  niobates,  exhibits  bright  incan- 
descence when  calcined;  the  oxide  containing  sulphuric  add  obtained  by  fbaing 
colnmbite  with  add  sulphate  of  potassium,  does  not  exhibit  this  phenomenon. 

Kiobie  oxide  heated  in  hydrogen  gas  turns  grey  and  is  partiaUy  reduced ;  the  loss 
dT  weight  amounting,  according  to  Rose,  to  1  per  cent.,  according  to  Delafontaina 
to  6  per  cent,  (tantalic  oxide  suffers  no  reduction).  Kiobie  oxide  is  decomposed  by 
ignition  in  a  stream  of  sulphydric  acid  gas,  or  vapour  of  tui^hide  of  carbon,  being 
converted  into  niobic  sulphide  (Rose),  oxyBuIphide(I)elafontaine).  Ignited  in  am- 
monia gas  it  turns  black,  gi^^  off  &  1&^  quantity  of  water,  and  is  partly  converted 
into  a  nitride  (p.  53). 

Niobic  oxide  after  ignition  is  insoluble  in  all  adds.  The  hydrate  dissolves  with 
difficulty  in  hydrochloric  add,  so  that  when  an  alkaline  niobate  is  precipitated  by  an 
excess  of  hydrochloric  acid,  the  filtrate  retains  only  a  small  quantity  of  niobic  add 
in  solution ;  but  on  boiling  for  some  time  with  strong  hydrochloric  add,  and  then 
adding  water,  a  considerable  quantity  is  dissolved,  and  by  repeating  this  treatment 
with  acid  and  water  two  or  three  times  on  the  residue,  the  whole  may  be  ultimately 
dissolved.  The  hydrate  dissolves  easily  in  h^rofixtorio  acid,  but  is  nearly  insoluble  in 
nitric  acid. 

Kiobates. — Kiobie  oxide  unites  with  basic  metallic  oxides,  forming  definite  salta^ 
several  of  which  occur  as  natural  minerals.  The  niobates  of  the  alkali-metals  are 
produced  by  fusing  niobic  oxide  with  the  hydrates  of  those  metals,  or  by  boiling  niobio 
add  with  solutions  of  caiutic  alkalis. 

The  alkaUnc  niobates  are  likewise  soluble  in  solutions  of  potash  and  carbonate  of 
potassium,  but  dissolve  with  great  difBculty  in  excess  of  soda  and  carbonate  of  sodium. 
Kiobie  add  is  predpitated  from  its  alkaline  solutions  by  acids,  especially  by  aulphurio 
acid,  even  at  ordinary  temperatures  (the  predpitation  of  tantalic  add  requires  tne  aid 
of  heat).  Oxalic  add  does  not  affect  alkaline  niobates ;  but  carb<mic  acid  gas  predpi- 
tates  an  add  salt  soluble  in  a  large  quantity  of  water ;  acetic  acid  and  sad-ammoniao 
also  form  precipitates,  but  the  precipitation  by  the  latter  is  slow  and  imperfect,  es- 
pecially if  the  solution  contains  carbonate  of  potassium  or  sodium.  A  solution  of  an 
alkaline  niobate,  addulated  with  sulphuric  or  hydrochloric  acid,  forms  a  red  preci- 
pitate ynihferTOcyanide  of  potassium,  bright  yellow  with  the  ferrieyanide,  and  orange- 
ted  with  infusion  of  gaUs.  A  piece  of  einc,  immersed  in  the  acidulated  solution, 
forms  a  beautiful  blue  predpitate,  which  aftw  a  while  changes  to  brown.  Tantalates 
yield  only  a  faint  blue  colour  with  dnc,  on  addition  of  a  very  large  quantity  of  hydro* 
chloric  add. 

Niobates  of  Potassium. — These  salts  crystallise  readily  and  in  well-defined 
forms.  By  fusing  the  oxide  with  2  or  3  pts.  of  potassium-carbonate  and  evaporating 
the  solution  of  the  fused  mass  in  a  vacuum,  the  salt  4K*0.3Nb*0*.16H'0.  is  obtained 
in  large  monoclinic  prisms,  exhibiting  the  combination  ocP .  [  ooPoo  ]  .  [2Pao  ]  ,  oP  , 
+  P.  Angle  ocP:  ooP  =  109*20';  oP:  ooP  »  94«30';oP:  +P  »  136°6';oP: 
[2Pao]  =:  132^  lO'.  This  salt  melts  when  heated  above  100°,  and  solidifies  again 
at  a  highpr  temperature,  acquiring  a  transient  yellow  colour  and  becoming  insoluble. 
The  8<^ueous  solution  of  the  crystals  deposits  a  second  salL  8K'0.7Nb'0*.32HH),  in 
rhombic  octahedrons  eidiibiting  the  combination  P.  00^00.  qdPoo.oP,  with  theuigleeP:P 
(brach.)  «  120<>  40';  P  :  P  (macs^  -  US^  0*;  oP:  P  •  1340  20^;  it  is  not  ^tei«d 
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by  rociTiUllisatioD.  A  solution  of  «ither  of  Uie  precedinff  salts  mixed  with  canstie 
potash,  snd  slowly  evaporated,  yields  a  third  salt,  8K'0.2Nb*O*.13H'O,  ia  verr  eJBBo* 
rescent  crystals  huTing  the  character  of  rhombic  octahedrons.    If  the  potash  lUMd 

coDtHins  soda,  a  doable  salt  containing   v  sq  [  3Nb*0*.9H*0,  is  obtained  at  the  same 

time  as  a  pulverolent  precipitate,  slightly  soluble  in  water,  insolable  in  the  alkaline 
liquid.  By  boiling  a  solution  of  fluoxymobate  of  potassium  with  acid  carbonate  of 
potassium,  nearly  the  whole  of  the  niobium  is  thrown  down  as  an  acid  niobate  of 
potassiunK  KH).3NbH)*.6HH),  forming  alight  pulTemlent  precipitate,  nearly  insolable 
in  water. 

The  niobaiti  of  $odium  are  crystalline  powders  which  decompose  dozu^ 
washing. 

Siohaie  of  Iron  and  Manganese,  (5'e''0;Mn''0).Nb*0».»  CUumbiiB,  NhUU, 
This  is  the  mineral  in  which  niobium  or  oolumbium  was  first  discovered.  It 
occurs  in  trimetric  prisms,  exhibiting  the  combination  ool^oo  .  oof^co  .  oF .  odP  . 
oof^  .  0D^8  .  ^^00  .  f  3  .  F,  with  other  &ces.  Azes'a  xhie  »  0*8292  :  1 :  0'877S. 
Angles  ooP:  odP  »  lOO^  40';  oF:^oo  -  183o  22-6' (Dana,  ii.  363).  A  crystal 
of  columbite  from  the  granite  of  Montevideo,  examined  by  Maskelrne  (PhiL  Mag, 
[41  xxT.  41)  exhibit^  the  combination  odPoo  .  oo^oo  .  oF .  %Pl  .  obP  ,  oo]^ . 
ooPfi,  with  the  angles  oo^oo  :  a^Ps  ->  ISS^*  40';  oof  3  :  oojpfi  »  166°  42'.  Colnm- 
bite  fljso  forms  twins,  with  face  of  composition  parallel  to  21*00 .  Clearage  parallel 
to  oo^QO  and  ooPoo ,  the  latter  the  most  distinct.  It  occurs  also  massive,  but 
rarely.  Hardnees  «  6.  Specific  gravity  »  6*4 — 6-4 ;  0469  for  ^e  Connecticut 
mineral ;  6*7 — 6*80  for  the  Bavarian.  liosfcre  submetallic.  Colour,  various  shades  of 
black,  often  iridescent.  Streak  dark  zed  to  black.  Fracture  subconchoidal,  uneven. 
Brittle.  It  is  not  altered  by  heat  alone.  By  borax  before  the  blowpipe  it  is  slowly 
dissolved,  giving  the  reactions  of  iron  and  manganese ;  the  bead,  if  saturated  to  a 
certain  extent,  may  be  rendered  greyish-white  oy  flaming,  especially  if  it  has  been 
previously  heated  in  the  inner  flame ;  if  follv  saturated,  it  becomes  opaque  sponta- 
neously on  cooling.  With  oarbonaU  (^  aodwm  it  gives  the  manganese  reaction. 
Many  columbites  heated  on  charcoal  with  soda  and  borax  in  a  strong  reducing  flame, 
yield  metallic  tin. 

JbuUyae$  of  OAwMU* 


BsTuia. 

Connecticut. 

Chute, 
lout) 

t- 

Fln- 
Und. 

Ilawn  rnoun- 

Ulns. 

«. 

h. 

c. 

4, 

K- 

h. 

SpMifIc  gravttj 

6-390 

frOTO 

ft-W 

6r0».6i)5 

3-6-*^ 

ft-4iU-7S 

343 

NU*lc  oxide  (Nb«0»;    .    . 

.    .    Sl-O? 

B0A4 

78-M 

79S0 

*»74 

•SFs: 

BO-47 

76-36 

Slanolc  oxide  (SdQ* )      .    . 

.    .      0-45 

0-10 

D-40 

0-86 

i-o 

0-4* 

Tun|t*tlcoxl<Le(W03).    . 

.    .       .     . 

.    . 

0-W 

.    , 

,    , 

(race 

FerrotM  oxide 

.    .    UM 

IS'S3 

14-06 

1500 

14-fiO 

131 

340 

14*9 

Mxngiuiotu  oxide  .... 

.    .     »*» 

4-65 

6^ 

4-M 

M7 

6-5 

6-(B 

7-33 

Cupric  oxide     .    .    .    .    . 

.    .      0>» 

Uranoiu  oxide  .    •    .    •    • 

•    .      .    ■ 

.    . 

.    • 

.    • 

•   • 

.     • 

0-80 

0-34 

Lime 

0-81 

6^49 

•    • 

•   • 

t>44 

0-34 

Miff&etla      ...... 

.    •     .    . 

Ymia 

•    •     .     . 

,    . 

,    . 

• 

.    ( 

,    , 

»00 

99-BO 

100-93 

9906 

99D6 

10t'41 

vm 

ioo-00 

100-00 

a.  From  Bodenmali  In  Bsniia  fH.  Ro«e) — h.  from  the  laaieCAwdaie  w}^-^^  fhnn  tflddletown. 
In  Connecttcut  (Herman  n).— d.  nrom  itae  same  (O  e  a  t  e  a).— c.  frem  ChanteIouD,UnoM!(  O  a  m  o  u  r>. 
/.  rrom  Hennankitr  near  Bjorlukir, In  Finland  (Nord  rn  ik  ifild).— «.  from  the  lunoi  movntaliis 
Dear  Miuk  In  the  Ural  (Hermann).— A.  from  the  tame  (Oesten),  Rjuumdtberg'i  JUAwrolahcM^, 
p.  893. 

The  columbite  of  Bodenmais,  on  the  Habenstein,  near  /wiesel,  occurs  in  gianSta. 
In  the  United  States  it  occurs  both  in  felspathic  and  in  albitio  granite. 

Niobatea  of  Yttriutn.  To  this  head  belong  the  minerals  FerQuooniUj  T^ffite, 
and  BnxaiUt  which  are  in  all  probability  identical.  Fergusonite  has  been  already  de- 
scribed (ii.  623).  Tyrite  occurs  near  Arendal  in  Norway,  in  crystals  too  small  for 
measurement,  but  probably  quadratic,  exhibiting  distinct  cleavage  and  having  a  den- 
sity of  613  to  5'66.  According  to  Bond!  and  Kenngott,  their  form  is  identical  witb 
that  of  Fergusonite.  The  mineral  decrepitates  and  gives  off  water  when  heated,  and 
exhibits  wiw  fluxes  the  reactions  of  iron  and  uranium. 

Braffite,  also  from  Arendal,  has  a  grey-brown  colour,  metallic  lustre,  uneven  small 
splintery  &acture ;  hardness  4-5;  specific  gravity  =  6'40. 

The  following  are  analyses  of  these  minerals ;  that  of  fergnsonite  has  been  already 
given,  but  is  repeated  here  for  the  sake  of  ready  comparison. 

■  On  the  formula  oTcolumbltes  and  taatalUei,sesBloai4ir«nd(J.pr  Cbm.  sctU.40»  Jabmb* 
1065,  p.  m.) 
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^  ^  *  ^ 

mobic  oxide  .        .       .        44%  44-48  43-49  4810  47-7*        48-84 

Stannic  oxide .        .        •         «     •  .      .  0'09  .    .            1-00          0  55 

Zirconic  oxide        •        •         •      .  2*78  0-80          1*46          8*02           693 

Alumina        .        •        •          6*66  3*65  1-86WO' 

Tttria    ....        29-72  27-88  81-90  82*71  41*91        38*61 

Cerous oxide  .        •        •          6'35  5'68  8-68 {        ...          ^.^          • -e 

Oxide  of  lanthanum        .         .    .  1*47  .    .{        '  **          ^**            ^^ 

XTranouB  oxide        .        •          8*08  5*99  4*12          4*95          0*05          0*35 

Fenotu  oxide         .        ,          620  211  1*12          1*37          0*31           1-33 

Ifanganons  oxide  •        •          .    •  •    •  •     •           0*11 

Tlotozideoflead 0-41         0*09 

Lim 0*81  1*68  1*95          182 

Potaah 7-28  0-39M8fO 

Water    ....          452  4*66  8-71          1*03  

100*19  10018  99-85  99-45  9962         99*4 

«,».&  Forbet(Fhll.lUg.rO^U-91.— AMlcha0lion(J.pr.Cham.xc.lO8.}— tf.  H«rlw«ll 
(Pogg.  Ann.  XTf .  479).--/'.  W  eb  e  r  (ibdnyvnil  dttteruaitm,  B«rlUt,  18fie,  p.  69). 

The  compoeition  of  these  minerals  may  be  repieeented  by  the  general  formula 
*M''0.KV0*4H*0. 

Uranoniobate  of  Yttrium  and  Iron,  BamarakUeiJTranotanUUite,  Trimetric 
An^le  of  prism  2poo  =  ISS**  to  186°  therefore  ooP  :  odP  -  100®  40' to  lOl"^  40*, 
which  is  near  that  of  colombite.  Occuxb  generally  in  flattened  grains.  Hardness  — ■ 
5>5 — 6.  Specific  gravity  »  6*614 — 5-68.  Lustre  of  fracture-surface  shining  and 
■nbmetallic.  Colour  velvet  black.  Streak  dark  reddish-brown.  Opaque.  Fractnre 
subeonchoidaL  When  heated,  it  decrepitates  slightly,  glows,  and  becomes  blackieh- 
brown.  Before  the  blowpipe  it  melts  on  the  edges  to  a  black  glass.  With  borax, 
in  the  outer  flame,  it  forms  a  yellowish-green  to  reddish  glass ;  in  the  inner,  a  yellow- 
to  greenish-black  glass,  which  becomes  opaque  and  yellowish-brown  by  flaming. 
WiSi  microcotmio  salt,  an  emerald-green  head  in  both  flames.  With  carbonate  of 
godium,  the  reaction  of  manganese.  When  palverised  it  is  slowly  but  completely  decom- 
posed by  hydrochloric  acid,  fonning  a  greenish  liquid ;  more  easily  by  snlphnric  acid. 


Analifaet  qf  Satnarskite, 

^Sf  i      "'S'       "•»»  "•"  t«i  60-30  liti  «'i' 

Zirconic  »  .         •    •          .    •  •    .  .    •  .    •  4  *85  4-25 

Btannic    „ .    .  0^  .     .  0*05  0*63 

Uranie  oxide  .       14*16        16*70  16*77  19*22  16-6311*011*60  11*08 

Ferrous        m  •       16-48         15-90  15-94  1505  887  11*08  10*55 

Tffaneanonf  „ •    .  0*56  1-20  0*96  1*61 

Cupnc        „ .    .  0-07  .    .  0-25 

Cerous         „ .    ,  .     ,  2*85  3*31 1  .  ..q^ 

Yttria       .  .        9*16         1104  8-86  4*91  13*29  12-61 J  ^^  ^" 

Thorina .    .  .    .  605  5*55 

Lime         •  •        0*92          1-02  1*88  044  ,    .  0*73  0*64 

Magnesift  •  .        0*80          0*75  0*75  0-26  050  0*14  0-04 

Water      .  .        .    .          .    .  ■    .  .    .  033  0-45  0-40 

96*84      101*41  99*61  96*35  10008  100*41  100*82 

«,5,c.  bf  Perei.— d.  by  ChandleriiiKl«r  H. R o i •* i direction  (Fogf.  Ann  Ixxt.  167;  Isxtl. 
4M;  Ixxltt  44B).— €.  by  H •  r  nun n  ( J.  pr.  Cb«m.  I.  ITS).—/,  by  Flnkener.— f.  by  Stepbriit. 
iiDder  B  0 1« '  I  dlrectloa  (Fogg.  Ann.  cxviU.  339,  «06, 497.)    (BoU.  Soc  Chtm.  t.  &1  ;  Jahrab.  1869, 

p.8«). 

Samarskite  is  from  the  Bmen  mountains  near  IGask,  where  it  occurs  with 
seschynite  in  reddish-brown  felspar. 

Hermann's  yttroMmenitet  a  mineral  from  the  same  locality,  agreeing  with  sa- 
marskite in  crystalline  form  and  density,  but  supposed  by  him  to  contain  a  peculiar 
acid,  ilmenic  acid  (iii.  245),  is,  acccuding  to  H.  Rose,  nothing  but  samarslute  con- 
taining a  small  quantity  of  tungstic  acid. 

Niobate  of  Calcium,  C$r%um,  fe, — ^This  is  the  composition  of  pyrocblore,  a 
mineral  occurring  imbedded  in  syenite  at  Tredriksram  and  Lanwig  in  Norway,  asso- 
dated  with  sircon,  polymignite,  and  phosphate  of  yttrium ;  also  at  &erig  with  thorite ; 
in  the  Ilmen  mountains  near  Ifiask,  ana  associated  with  tourmalin  in  the  albite  rein 
at  Cheeterfleldi  Maasachnsetta.    Honometric,  occurring  in  octahedrons  modified  hf 
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fiiOM  of  the  cube,  and  also  in  dodecahedrons  and  trapezohedrons  202,  803.    Clearage 

octahedral,  BometimeB  distinct,  eepecially  in  the  smaller  crystals.  Hardness  —  6 — 5*6. 
Specific  gravity  -  3-802  from  Brerig  (Berzeline);  4-32  from  Miask  (Bose); 
4-203  from  Miask  (Hermann) ;  4202 — 4-221  from  FredrikRT&m  (Hayes).  Lustre 
vitreous  or  resinous.  Colour  pale  honej-yellow,  brown,  dark  reddish,  or  blackish- 
brown.  Subtninslncent  to  opaque.  Fracture  oonchoTdal.  Before  the  blowpipe  it 
becomes  pale  brownish-yellow  or  lemon-yellow,  but  retains  its  lustre  and  fuses  with 
great  difficulty.  With  borax  it  yields,  in  the  outer  flame,  a  reddish-yellow  transparent 
glass,  which  becomes  opaque  by  flaming,  and  with  a  larger  proportion  of  borax  forma 
a  white  enamel.  In  mtcrocoamic  »ait  it  dissolves  completely,  forming  in  tae  outer 
flame  a  yellow  glass  which  becomes  grass-green  on  cooling. 

Jnalyaei  of  fyv^^Mt, 


FradrfluTirn. 


Bnrls. 


Niobie  oxide 
Titanic  oxide 
Stannic  oxide 
Ceric  oxide    . 
Alumina 
Ferric  oxide  . 
Uranic  oxide 
Uranous  oxide 
Ferrous  oxide 
Manganoos  oxide 
Cerons  oxide 
y  ttria  . 
Thoiina 
Lime     .        • 
Magnesi*      • 
Soda     . 
Potash . 
Flnoriiie 
Water  . 


2-76 


Wdhler. 
«7'02i 
txaee( 

6-ie 

4*60 
1-69 


Chjdenlot. 
61-07 

0-67 


283 


V^iUer.  Hannann* 


600 


12-86 


19-46 


9-88 


4-62 
16-03 


67-87 


18-16 


1-28 
0-14 

0-81 

10-98 


4-60 


6*29 


trace 

4-20 

97-30 


0-80 


706 


9710        96-74 


not  det. 

117 
96-87 


S-23 

116 

103-41 


(60-88 
]  4-90 

l6-28» 


2*28 


0*94 

9-80 
1-46 
3-62 
0-66 
2-21 

ioTST" 


W5bler(Pof|t- Ann.  vll.  417:  uril.flOt  xlrfH.  83;  Add.  Ch.  Plurra.  1x1. lS4).-Haref  (SIIL 
Am.  J.xlTl.  ifiS.  164).— Chvdciiluf  (Jahmb.  1063,  p.83l.)— HermaD  a  (J.  pr.  Cbam,  xxxl.M; 
L  189 ;  Ixvltl.  96). 

Fyrochlore  for  Microlite)  from  Chesterfield,  Massachusetts,  contains,  according  to 
Shepard  (SiU.  Am.  J.  xxxii.  338),  76-70  per  cent,  niobie  oxide,  7'42  tungstic  oxide, 
uranous  oxide  and  yttria,  14*84  lime,  and  2-04  water. 

Euxenite  (ii.  611)  from  Norway  is  essentially  a  tltano-niobate  of  yttrium  and 
uranium. 

M»ehy%it$  (i.  69)£rom  lfiask,is  according  to  Hermann(J?amflMM«f^«Jftfi«ni^ 
ckemiSf  p.  424),  a  compound  of  titanic  and  niobie  oxides  with  ceric,  ferric,  lanthanio 
oxide,  &c 

Niobie  oxide       •        •        • 

Titanic  oxide      • 

Ziioonia  (?)         ... 

Ferrous  oxide     •        •        • 

Yttria         .        .        .        • 

Lanthanum  oxide        .        • 

Cerons  oxide       •        • 

Lime 

Water        •        .        •        • 


88-80 

8606 

88-20 

11-94 

10-66 

26-90 

17-62 

17-68 

22-20  Ce,0,t 

17-66 

4-32 

6-46 

9-86 

4-62 

1-28 

4-76 

11-13 

6-22 

2-48 

16-69 

612 

2-40 

1-66 

1*66 

1-20 

01-06 

100-61 

100-67 

6-08 

4-96 

Specific  gxavifj  ,        •        • 

Poly  era  se,  a  mineral  from  Hitteroe  in  Norway,  agreeing  in  cryHtalline  form  with 
eolumbiteand  samarskite,  oontaina,  according  to  Scheerer  (Fogg.  Ann.  bdi.  430; 
Izxii.  668)  and  Hermann  (J.  pr.  Chem.  1.  181),  titanic,  niobie  and  sirconic  oxides, 
oombinsd  with  ferric  oxide,  uranic  oxide,  eerous  oxide,  and  yttria,  small  quantitiea  of 
alumina,  and  traces  of  lime  and  magnesia. 

VXOBXUMf  SUZiVKZBBS  07.    By  the  action  of  solphydric  acid  gas  on  mobic 

*  Tha  ilroonU  found  aeoording  to  the  flret  and  Mooad  analfM*  gave  no  cryitalUiabla  salt  wtlb 
krdrochloric  acid,  uid  apftrarad  In  the  third  analnU  at  a  mixtiua  of  caric  and  titanic  oxidat. 
t  With  oxidfl  or  lantbaniutt. 
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chloride,  ftt  orditmry,  or  more  quirkly  at  higher  t«ini>crutaref,  or  bj  pusiog  tb« 
TKpoar  of  sulphide  of  carbon  mixc^  with  curbonic  luh^drido  (to  cattj  it  fbnr&rd)  ottt 
strongly  iguitod  niobic  oxide,  H.  Rose  obtainMl  a  bliurk  motAUicaUj  lastztma 
powder,  which  he  r«f?Hrded  as  a  mlphide  of  niobinm.  Actxirdiiig  to  Dolafontaine* 
It  u  as  oxyaulphide  NbH>=S»  or  (NbO}»S'. 

VSPBOZtXTB.      A   variety  of   chiolite   (fluoride  of   alomininro   and  sodinin* 

SNilF-AIU*''),  found  at  Hiaak  in  the  UraL     {S^  Sodium,  FLroaros  or.) 

Jl XTHXA&nr.  A  yrllow  Hinoiphous  eab«tAnce,  produceil  by  the  action  of 
eiilphiHe  uf  ammuniam  on  pnranitiituiiine.     (Arppe,  Ann.  Ch.  Phnrm.  xcri,  113.) 

XXTSACStOXta  A  heavy  coloorlefw  pmieent  liquid,  formed,  togeilicr  wjMi  othnii, 
by  the  ai'titm  of  Btrong  nitric  add  on  CBnanthol  (Ti  Uey,  I'hii  Mag,  [3j  izxiiL  81)  ; 
alMii  on  eholoVdif  nrid  (Rfldtenbacher,  Ann.  Ch.  Fharm.  Ivii  14^]^ 

See  AMABcrm  (i.  162). 

An  explosive  substance  produced  by  the  artion  of  atrong 
DitKc  acid  upon  starch,  also  called  Xyloidin  {q.  c). 

jrmtAJV.  Graham's  name  for  the  radiclu  NO*,  which  must  be  iupuonad  to 
vxi^t  in  the  nitniU-.s  whan  tbey  are  regarded  as  formed  on  the  type  of  the  chloridea, 
e.ff.  nitni:  acid,  NO'.H. 

HTT&AVtOBfi.     Syn.  with  Kitratks. 

wmtAanXtZWB.    See  Asnux^  Nitric  DsKTraTiyu  or,  under  PflXNTiAMtmeL 

jrrrxAN^ZSZC  ACZX>S.    See  Akisic  Acu>  (i.  302). 

irrrKAlVZSZSS.     See  Amra,  Oil  of  (i.  298). 

jrXTItAia'ZSZSXjrB.     See  ANismtiTB  (L  304). 

irtT&Alf  ISOXm     See  AmsOL  (i.  305). 

WZTJUITES.    See  Nitric  acid,  under  Nitboohv,  Oxrosa  and  Oztokv- Acids  or. 

jrXTJtJLTTtr,     Native  nitrate  of  Bodium.     Seo  Nrr&ATGs. 

irrrRJi.zoPHSVT^ABCXVB.      See   Ajiildsb,  Nitbic  Dkeiyatxties  or,  vnilar 

PHKXTI-iMIIfBS. 

SrrrRJU0PBBVTX*-CZTRAC01VA2IKZC  ACID  J      ^       ,     , 

_  (      See  the  last  rcferenceu 

jrrrRAZOPBSVTIr^CXTXACOllABKZBm.  » 


« 


A  name  applied  sometimes  to  nitrate  uf  |>ofita«ium.  itometim<-ii  to  nitnU« 
of  aodium,  but  more  frequently  in  oommorcial  language  to  the  lattrr,  the  potMiuiiBin- 
sSklt  being  more  especially  diatingiuahed  as  saltpetre. 

WZntZC  ACXD.    See  Krrmooxir,  Oxxobs  and  Oxtokn-Acids  or. 

vmtXCXJVt,    Syn.  with  NiraoaxN. 

xriTRXXtllS.  This  term  might  be  applied  to  the  eomponnds  of  nitrogen  with  any 
other  element  or  radicle,  but  it  is  chiefly  used  to  decignate  the  compounds  of  nitrogea 
with  phosphorus,  l>oron,  sUicou,  and  the  metals.  The  mftullic  nitridee  have  for  tb* 
most  part  the  composition  denoted  by  the  fonnnla-  RN,  U^N,  or  R*N  (R  denoting  a 
monatomic  metal),  fhe  lart  being  analogous  to  aramcmia.  Tliey  are  mcmtly  obluined  by 
tht>  action  of  ammonia  on  metallic  oxides  or  chlorides;  frequently  also  by  the  dirrct 
action  of  attnospliehc  nitrog«n  on  metals  at  the  moment  of  separation  from  their  oxides 
by  choreuat  Motft  of  them  have  a  metallic  aspert,  are  nasily  decomposed  by  hent, 
eometimes  with  explosion  ;  some  of  tJiem  however  withitand  a  very  high  temperatoi^ 
without  deoompooitioa.  Uany  of  them  are  rvduced  to  the  metallic  stnte  by  ignition  in 
hydrogen  or  ammonia-gas ;  heated  with  water  or  hydrate  of  potASsium ;  they  often 
yield  metallic  oxides  and  ammonia;  they  bum  when  heated  in  the  air.  They  unite 
with  other  metallic  compounds,  f«pecially  with  mrtalAmides. — {For  the  special  descrip- 
tions of  these  oompouxidfi,  see  the  acTeial  metals;  for  the  methods  of  analysing  them, 
see  page  66.] 

VZTSZXBS.  This  term  is  appb'ed  to  the  cyanides  of  the  aloohol-mdiclea 
rugttxdcd  as  compounda  of  niLn^u  with  add  radiclea ;  thus  cyanide  of  etbyl 
C'H'.CN  -  propionitrae  (?H*.N.  (See  Ctaktors,  a  202,  211,  JW8.  272,  274 ;  al«> 
RiunoictTiULB,  i.  «S03,  and  Ctanidr  or  Obtti.,  i.  840.) 

Hendius  (Ann.  Ch.  Pharm.  cxxl  129)  has  shown  that  the  nitrilca  are  converted 
by  direct  assumption  of  hydrogen  into  amines^  according  to  the  genenl  equation  : 
C"fl**-*  +  II*  •-  C*H=»*'N  ;  t.g.  formonitrile  (cyanide  of  hydrojren)  into  methyl- 
aiuiue,  aeetonitrile  into  ethyhimlm',  Sec     The  cuuvunion  is  effected  by  brini^ing  the 
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nttrilo  mixed  with  hydrochlorie  add  and  alcohol  into  contact  with  meteHie  si&c.  (See 
KaTHTiJLiiiirx,  iii.  996.)— Action  of  bromine  on  nitrilee.  (Engler,  Ann.  Cb.  PhamL 
czzxiii.  137.) 

r«    See  IxDm  (iiL  266). 

See  KiT&oTTa  Acn>|  under  Kraooxn,  Ozidbs  and  OzToiN-AciDa  of. 
See  AxoBKMZBifi  (I  478). 
See  BBHKAMmn  (i  541). 
KB.    See  pHXKTL-BixzAiczDa,  under  'pKaMTLkxnna, 
l>a,  or  BxHSONiTBAinamB  (see  Ahxsidxxb,  L  304). 

See  BsKZEini  (L  643). — ^The  following  are  additional  modes 
of  formation  and  tranaformation  of  these  compoundB. 

1.  Kitrobensene  is  produced,  together  with  other  products,  hj  the  action  of  strong 
nitric  add  on  oil  of  tiupentine  (H.  Schiff^  Ann.  Ch.  Pharm.  cxxv.  201).  See  Tubpen- 

TUO. 

2.  In  preparing  nitrobenaene  for  nse  in  perfdmery,  H.  VoM  recommends  that  the 
benaene  be  first  distilled  at  a  temjperatnre  below  83^,  to  &ee  it  from  a  volatile  sulphur- 
etted bodj  which  it  usually  containsi  The  nitrobenzene  is  subsequently  to  be  distilled 
in  a  current  of  aqueous  Tapour,  and  the  portion  of  the  product  which  remains  dissulvod 
in  the  water  separated  by  addition  of  common  salt.    (BingL  poh  J.  clxriL  148.) 

3.  Nitrobenxene  distilled  tar  a  long;  time  with  chromate  of  potassium  and  sulphuric 
add,  is  converted  into  nitrophenoie  acid,  C*H\NO')0'  (Church,  Chem.  Soc.  Qu. 
J.  ziv.  62).    See  Fhbnoio  Assd. 

4.  When  vapour  of  nitrobenzene  mixed  with  hydrogen  is  pasaed  over  heated 
platinum  spon^  there  is  obtained  amongst  other  (products  a  yellowish  oil,  forming 
with  hypochlorite  of  calcium  a  blue  substance  which  is  reddened  by  adds  and  turned 
blue  aeain  by  alkalis.  It  is  insoluble  in  water,  soluble  in  alcohol  and  ether,  and  ia 
neutral  to  litmus.     (G.  Jumel,  BuIL  Soc.  Chim.  1861,  p.  47.) 

6.  yitrobenaene  heated  with  sul^iide  of  carbon  to  160°  is  converted  into  aniline. 
(Schlagdenhanffen,  J.  Fhann.  m  xxxiv.  176.) 
For  other  modes  of  effecting  this  tranaformation,  see  Akilzr*  onder  FamnrL- 

AMINBS. 

6.  Kitrobenzene  treated  with  2  pta.  iron  filings  and  ^  pt  strong  hydrochloric  acid 
is  converted  into  a  red  colouring  matter  called  ery  throbenzin.  After24  hours'  contact 
the  solid  mass  is  to  be  triturated  and  exhausted  with  water,  the  clear  solution  pre- 
dpitated  with  common  salt,  and  the  product  purified  by  resolution  and  predpitatiun. 
(F.  Laurent  and  J.  Castlehaz,  Rep.  Patent  Inventions,  Oct  1862,  p.  339.) 

7.  Binitrobenzene  treated  with  iron^/Uinos  and  acetic  acid,  is  converted  into  pheny- 
lene-diamine,  C-H«(NO»)«  +  H»«  -  fflK)  +  N».H\(?H«)-.  (A.  W.  Hofmann, 
Proc.  Roy.  Soa  xi.  618.) 

WZTKOBBinonB>  Syn.  with  Hydride  of  Nitrobenzoyl  (see  Bxnzti^  HTDiunn 
OP,  i  674). 

WXrmOBXWXOZO  AOZBS.    See  BsHzoio  Acn>  (i  466). 

irZTBOBBVZOVZTBZ:La.  See  BENZoznTRiLB  (i  564).  For  the  action  of 
sulphide  of  ammonium  on  this  compound,  see  SuLpHAicmoBBNXAjtiiCB. 

Ji  XT JtOBXVKOT&i  raROaCZSS  or*     See  Fbboxidbs, 

rowa.    See  Bkmzoici. 
See  BaiTzonv  (i.  660). 
SrZTKOBKOMO-VHXWZO  or  -OAJtSOXiZO  AjCXD.    See  Phbkoi,,  DxBiVA- 

TIVBS  OP. 

WZTXOaVTTROVZO  AC13I.    Syn.  with  BuTTAO-Nmuc  AczD  (i  698). 
irZTBOOAXCZTH.     Native  nitrate  of  caldum  (see  KrTBATBs). 

VXTmoOAPmzo  JkCXn,  C'«H'»(KO*)0.— Produced,  together  with  nitrocapiylio 
add,  by  the  action  of  boiling  nitric  add  on  the  non-volatile  &tty  adds  of  cocoa-nut  oil, 
(Wirz,  Ann.  Ch.  Pharm.  dv.  289.) 

VZTXOCAJntlXZO  ACZD.    See  Gapbtlic  Acn>  (i.  746). 

WrTTMOOJLMBOlaXC  AOZS.    Syn.  with  KrrKOPHBNio  Acn>. 

VZTBOOB&XVXASa.    See  Omllulosb  (i.  819)  and  Ptboxtlix. 

VZTBOOB&OaOBawXSVBi  See  Chlosidb  OF  BofiTsorHMEncr,  under  Phkntc^ 
Chi^bibb  or. 
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r     S6«  Chlobonickic  Acid  (i.  920). 


liXTK0CHZ.0K08SVX0X0  ACIBB.  Th«se  ftcidf!  an  pruduMd  by  the  AcH< 
of  Aiming  nitric  acid  od  the  corrpspouding  chlorobdnzoie  Hcids.  JSitronumoeJUorobnt' 
toic  acid,  C'H*C1(N0")0',  is  slightly  soluble  in  culd,  eiuiilj  in  hot  vatsr,  aiMl  cry»- 
tAlli*«es  in  DtHMlles  which  inell  at  205(?)  IXa  silrer-salt  is  a  wbiteprecipitate  which 
nrnnrjit<>fl  from  wafsr  in  flut  cpystiiU.  HUrodicUorohmcoic  acid,  C'H»Cl*(N0')O'.  is  ft 
ycllovifch  oil  vhich  does  not  aolidify  eren  alter  long  standing,  (Otto,  Aon.  Ch.  Phurm. 
cxxii.  129.) 

KZTAOCBZiOBOVXCSZC  AOXB. 

»ZTROCBX.Oa03nOXlVB. 

WXTROCBOXac  ACZS.  CH'N*0*?  (Redtenb&cher,  Ann.  Ch.  Pharm.  Irii. 
\\h.) — An  .uiil  firctliicod  by  the  action  of  nitric  acid  on  cholo'idie  acid  (i.  929).  The 
huavy  oil  which  oonderses  in  the  re*.'eirer  has  an  acid  rpaction,  hat  is  not  a  uniform 
substauce.  When  woabcd  with  water  and  lefl  in  cuntact  with  aqufoos  potash,  it 
aoqaires  a  jellow  colour,  and  if  the  alkaline  solution  is  coDcentnit^d,  dppoflits  Icmon- 
yeUow  crystals  of  nitrocholate  of  pofassjnm.  To  obtain  the  whole  of  this  salt,  tJie 
aUuklioe  solation  is  decant«d  from  the  unaltered  oil  and  eraporutod  in  a  Tamnm.  It 
may  be  purified  by  redissolving  the  ciyBtals  in  tepid  water,  and  again  eraponttiiig  in  a 
Ttcnum. 

Ifitrochofate  of  potasnum,  CHKN*0*?,  has  a  lemon-^««llow  colour,  and  apparently 
the  same  form  as  J^rrocyanide  of  potassium  ;  it  has  a  eligbtlv  intoxicating  odoor,  and 
is  not  permanent  in  the  air.  The  crystals,  as  they  dry  eren  in  vneno,  and  especially  if 
heated,  uplit  into  a  great  number  of  small  fragments,  acquiring  at  the  same  time  a 

Sowerf^  odour  and  apparently  suifering  deoompoeition.  The  solution  of  the  salt 
ecomposee  nndcr  the  flame  cironmotances.  When  boiled  for  a  long  time,  it  yield* 
etyatala  of  saltpetre.  When  decoropoeed  by  an  acid.  dilnt«  sulpfanricadd  for  example^ 
it  yiflds  nitrous  acid,  nitric  acid,  a  fat  oil  and  hydrocyanic  acid,  products  which  may 
likewise  be  obtained  from  the  moth«r-liqnor  of  the  crude  nitrocholate.  Nitrocholate 
of  potassium  does  not  precipitate  metallic  salts. 

VXTROCKKTSSVB.     See  Chhtsbtc  (i.  958). 

irxxROCZTSTrAMznrB.    See  CisrsAXBSM  (i.  083). 

KZTROCZTorAMXC   ACXB.    See  CnwAuxo  Acxz>  (i.  983). 

iriTBOCnaiVAMZBB.     Aee  CnrwAHmi  (i.  989). 

BXTBOCimr ABXSISZDB.  NitronUjfl-cinnamids  or  Citifair<inmd4,  C'*H^5K>* 
(sec  i.  304.  9H9). 

WZTBOOOCOUSZO  ACZB.  A  prodoct  of  the  action  of  nitric  add  on  carmini 
(i.  804). 

SnTBOCODEIBB.     See  CoDScm  (i.  1068). 

mTBOCOiniKABlB'.     See  ComciBQC  (ii.  94). 

BXTROCXmCBBB  or  ITZTBOCTTMO^     See  CrvKXi  (it.  174). 

MrzTROCBBSTUC   AOZl>.    See  Crbstlic  Alcohol  (ii,  207). 

BXTKOCU'MJSIiylfcAJM.IJIlS   or   B ITXOCUIMEZB ZBB.     See  CtnODfTLAICira 

<ii.  17S). 
BXTKOCTmnrtO  ACZll*    See  CtiMnnc  Acid  (i.  178). 
BrXHOOTmENB   or   BTTBOOnCOA.    See  CncorB  (u.  296). 
WZTBOX>BACOB£8ZC   ^C13>,     Syn.  with  NmuNlsiC  ACQ). 

WZTBOBZCBXiOBOrBSBXC    ACZ1>. 

ioiir  firui.     (iScu  rHE.voL,  Deritatites  of.) 

BZTBOI»BA.CYZ«Aiazi>X.  C'H*K'0".  Isomeric  with  nitrolwnramide  (i.  841). 
Obtiiined  by  thf*  aotiou  of  ammonia  on  nitrodmcylic  ether  ( W  i  lb  ran  d  and 
B*ulst  riin}. — 8<'i*alM)  Reichrnbach  and  BeilgteiD  (Ann.  Ch.  Fharm.  cxxxii.  143). 

BXTBOBBACn^ZC  ACZB.  Paranitrohmeoic  acid.  CH^NO')0*.  (Wil- 
briind  and  BeiUteiu,  Ann.  Ch.  Pharm.  cxjcvi.  2£5  ;  czxviii.  257. — G.  Fischer, 
i/nd.  cxxvii.  137;  cxxx.  128.) — An  acid  ioomeric  with  nitrobenjBoic  add,  produced  by 
thp  action  of  fuming  nitric  acid  on  toluene  (hydride  of  benzyl).  It  was  finst  obsen'ed 
by  Olcnard  and  Boudniilt  (Ann.  Ch.  Phurm.  ilviii.  344),  who  howDviir  assignctl  fo 
it  the  formulfi  C**H\NO*)0*.  Fi-wher  obtained  it  as  a  secondary  product  in  preparing 
niJrobfnzpne  from  benzene  coutaining  toiu*'ne.  By  agitating  the  crude  nitrob^UEtrnH 
thuH  obluinE'd  wiMi  dilute  sMla-ley.  and  neutniliNing  the  nlkaline  Bulutton  with  hydnt- 
chloric  acid,  tlic  add  separated  io  ^ocka,  which  wero  purified  by  recryatoUisatiou  with 
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addition  of  animal  charcoal.  WObrand  and  Beilstein  aaturate  fuming  nitric  acid  with 
toluene,  kneping  the  liquid  cool ;  boil  the  mixture  for  four  or  fire  days  with  excess  of 
nitric  acid ;  dilate  the  liquid  with  water ;  distil  off  the  greater  part  of  the  nitric  acid 
and  the  unattaeked  toluene ;  agitate  the  residue  with  dilute  ammonia ;  supersaturate 
with  nitric  acid ;  and  purify  the  separated  nitrodracylic  acid  hj  repeated  solution  in 
ammonia,  precipitation  with  add,  and  recrystallisation  from  alcohoL  The  mother- 
liquor  retains  a  more  soluble  acid,  not  yet  examined. 

NitrodraCTlic  acid  crystaUises  from  solution  in  yellowish  laminae,  and  sublimes  in 
slender  needles.  It  is  easily  soluble  in  alcohol,  ether,  and  boiling  water ;  melta  at  240^ 
(nitrobenzoic  add  at  127°).  By  the  action  of  sodium-amalgam  (on  the  sodium-salt), 
it  is  conrerted  into  asodracylto  acid,  C'*H'*N^*  (Keichenbach  and  Beilstein. 
Bilfinger).   See  Apfbndix. 

NUrodrtK^kUe  of  Ammonium,  C*HXNH«){N0»)0».2H'0,  ciyst»Ilises  in  faint  rose- 
coloured  very  efflorescent  laminie  ^Wilbrand  and  Beilstein).  On  saturating  an 
ammoniacal  solution  with  sulphydnc  add,  and  adding  acetic  add  to  the  filtrate,  a  ciys- 
talline  predpitate  is  fonned  consisting  of  oxydracylamio  acid,  G'H'NO'  oi 
(C'fl*Or?N  •  .  o  -  -  -, 

m   M  Qi  isomeric  with  ozybenaamic  add  (Fischer).    The  same  add  is  produced 

by  treating  nitrodrocylic  add  with  tin  and  hydrochloric  add  (W.  and  B.).  See  Oxt- 
DUACTUjao  Aero.  

NUrodrae^laU  of  Barium,  C"H*Ba"(N0«)»0*.6H«0,  crystallises  in  tJfansparant 
yellow  prisms  (W.  and  B.) ;  the  cakium'Salt  in  colourless  needles  containing 
C»H«Ca*(N0»)»O*.8H*0  (W.  and  B.) ;  in  splendid  large  tables,  C»H»Ca"(NO»)K)*  9HK), 
which  give  off  8  at.  water  over  oil  of  ritriol,  and  the  remainder  at  160**  (fischer^. 
(Nitrobenxoate  of  caldom  crystallises,  according  to  flscher,  in  indistinct  nodaleewita 
2  at  water,  which  it  gives  off  between  130°  and  190°.] 

The  lead-aaU,  C"H"Pb''(NO»)K)<,  crystaUises  in  needles  (W.  and  B.;  Fischer); 
the  maanenum-aaU  in  thick  rhombohedial  ctystals  (W.  and  B.) ;  the  aUver-salt 
in  need^  (Fischer;  W.  and  B.) ;  Uie  todium-^aU  in  large  yellow  prisms.  (W 
andB.) 

vrrmOBSAOTXJO  BTSSBS.  The  etkyUo  tther,  (rH*(C^»)(NO*)0*. 
obtained  by  treating  the  alcoholic  solution  of  the  add  with  hydrochloric  acid  gaa 

XalUses  from  alcohol  in  large  inodorous  lamimR,  melting  at  bl°. — The  methylin 
,  C'H*(OH')(NO*)0*,  forma  nacreous  lamime  melting  at  96°,     (Wilbrand  and 
Beilstein,  loc,cU.) 

vrrmOBR  l  THMOMULM  m  its.    Ifitrom/tkrin.    See  Ebtthsoxankitb. 

mrsOBTBTUCO  ACIB  (]»X->  CH*N>0*.  (Frankland,  Phil.  Trans. 
1867,  p.  69 ;  Chem.  Soc.  J,  xi.  89.)--Thi8  acid  is  obtained  as  a  dnc-salt,  C*H**Zn'TJ*0«, 
by  the  combination  of  4  at.  nitric  oxide  (NO)  with  1  at.  zinc-ethyl  (C^H'*Zn'^. 
When  dnc-ethyl,  dther  pure  or  dissolved  in  ether,  is  passed  up  by  small  quantities 
into  dzy  nitric  oxide  confined  over  mercury,  the  gas  is  absorbed  slowly,  but  com- 
pletely and  in  large  quantity,  wiUiout  the  production  of  any  other  gas.  The  solution 
may  be  accelerated  by  agitation.  At  the  end  of  one  to  four  days,  rhomboidal  crystals 
of  a  cine-salt  begin  to  be  deposited,  and  increase  in  number  till  the  liquid  finally 
solidifies. 

[For  a  description  of  the  mode  of  preparing  it  in  larger  quantities,  see  the  memoir 
above  cited ;  also  Gmdin*9  Handbook,  xii.  dd6 J 

The  salt  obtained  as  above  is  a  compound  of  dinitroethylate  of  zinc  with  zinc-ethyl, 
C*H'«Zn"N*0*.Zn''{C»H*)\  It  dissolves  in  anhydrous  ether,  and  separates  from  the 
solution  in  large,  colourless,  transparent,  rhomboidal  crystala,  which  instantly  become 
opaque  on  exposure  to  the  air,  owing  to  the  formation  of  an  oxidised  product.  Heated 
to  between  180*^  and  190°  itgives  off  amixtuie  of  carbonicanhydride,  ethylene,  bydrid* 
of  ethyl,  nitrogen,  and  nitrous  oxide. 

A  basie  diniiroetht/laU  or  oxy-diniiroethjflate  of  fine,  C*H**2{nK*0*.ZaiO,  is 
obtained  by  treating  the  preceding  salt  with  water,  which  decomposes  the  zinc-ethyl, 
with  evolution  of  hydride  of  ethyl  and  formation  of  oxide  of  sinok  The  oxy-dinitro- 
ethylate  remains  dissolved  in  the  water,  and  on  passing  carbonic  anhydride  through 
the  solution,  carbonate  of  zinc  is  predpitated,  and  a  solution  is  obtained  which  when 
evaporated  to  dryness,  yields  neutral  dinitroethylate  of  tine,  as  a  radiated  crystalline 
mass  composed  of  C*H'»Zn"N*O*.H*0  ;  and  this  when  heated  to  100°  yields  the  an- 
hydrous salt,  which  takes  fire  at  about  300°,  burning  with  a  beautifril  bluish-green 
flame. 

DtnUroethylie  acid  is  obtained  in  dilute  aqueous  solution  by  decomposing  a  dilute 
solution  of  Uie  zinc-salt  with  sulphuric  acid  and  distilling  in  a  vacuum,  or  by  decom- 
posing the  barium-salt  with  just  suffident  sulphuric  add  to  |krecipitate  the  base.    It 
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has  a  pnngeDt  odoar,  reddens  Utmiis  strongly,  and  ifl  rmy  unstable,  dpcorapoiniig 
gradnally  even  at  ordinaiy  tempeiaturee,  and  rapidly  when  sughUy  heated,  with  eroln- 
tion  of  &^  and  white  Tapours. 

The  OLiiitroethyUtee  are  all  soluble  in  water  and  in  alcohol,  and  most  of  them  cztb- 
tallise  with  more  or  less  difficulty.  They  are  all  riolently  acted  on  by  strong  nitric 
scid,  the  dinitroethylic  acid  being  decomposed  and  a  nitrate  of  the  base  pirodneed. 
Dilute  nitric  acid  acts  in  a  similar  way,  bat  more  slowly.  They  all  melt  at  a  little 
a>>ove  100**.  The  potassium-,  sodium-,  (uJcinm-,  and  barium-saltB  defbgrate  ezploaiTely 
like  loose  gunpowder,  at  a  temperature  consideisbly  below  redness. 

JHnitroethyCiUe  ofBanum^  C*H'*Ba'TT^*,  prepuwd  by  treating  the  rinc-salt  with 
excess  of  caustic  baryta,  remoriog  the  excess  of  baryta  by  carbonic  acid,  &c,,  is  neu- 
tral, uncryetal Usable,  very  deliquescent,  and  very  soluble  in  water. — The  calcium-Miit, 
C*H'*Ca"N*0*.3H*0,  prepared  like  the  barium-salt,  crystallises  in  silky  needles  which 
give  off  2  at.  water  at  100°.  By  distiUation  with  ethyl -sulphate  of  potaasiom  it 
appears  to  yield  dinitroethyUta  of  ethvl.— The  oopper-salt,  2C*H"Cu'Tf  •0*.H"0, 
prepared  6:om  the  barium-salt  by  double  decomposition,  fonni  a  solution  of  a  aplezulid 
purple  colour,  which,  by  evaporation  in  a  vacuum,  yields  purple  four-sided  needlM 
several  inches  long. — The  moffnesium-taltf  C*M}*M^TX*0*,  prepared  by  decomposing 
the  Unc-salt  with  magnesia,  separates  &om  the  solution,  wnen  conoentrated  over  a 
water-bath,  in  granular  crystals  which  melt  at  100°,  and  diy  up  to  a  solid  amorphous 
mass  consisting  of  the  anhydrous  salt. — ^The  sUver-aalt,  C^AgNK)',  prepared  like  the 
copppr-salt,  is  very  soluble  in  water,  and  crystallises  in  very  light  scales,  which  are 
rapidly  decomposed  on  exposure  to  light.  A  compound  of  tiiis  salt  with  nitrate  of 
silver,  C-H*AeN'O^.AgNO',  is  obtained  as  a  crystallo-granular,  sparingly  soluble  pre- 
cipitate, on  mixing  concentrated  solution  of  dinitroethylate  of  sine,  and  uitiate  of  silver. 

vrraoBUXAn^TBXc  aozs.    See  Euxamthic  Aotd  (ii  610). 

mTROrasJUGTAJrXBaa.     NUropruMtdes.     (iSee   Ctakibbs  or   iBozr,  it 

250.) 

WZTSOrOBAS.     See  KiTROUKTHlDBS. 

mrmOlVAJrOiruo  ACSD.    See  Faairorijx  (il  707). 

xrmOOBV.  A^te.  Gas  aeoU.  Stiekluft.  SHckttoff.  Atomic  Weighty  14. 
Sjrmbol,  N. — This  element  was  discovered  by  Rutherford  in  1772.  LaToisiet 
subsequently  ascertained  that  atmospheric  air  is  composed  of  oxygen  and  nitrogen 
gases,  the  latter  of  which  he  called  azoU^  from  its  incapability  of  supporting  life  (a  and 
ita^).  Chaptal  afterwards  gave  it  the  name  nitn^enj  from  its  entering  into  the  oom" 
position  of  mtre,  nitric  acid,  && 

Nitrogen  constitutes  about  one-fifth  of  the  volume  of  the  atmosphere.  It  ooenrs 
alM>  in  the  free  state  in  the  air-bladders  of  fish,  and  in  other  cavities  of  the  bodies  at 
animals  and  vegetables.  In  combination  it  occurs  in  native  nitrates  and  ammo- 
niacal  salts,  and  in  avast  number  of  organic  compounds,  especially  those  belonging  to 
the  animal  kingdom. 

Preparation.  1.  From  the  Air. — Nitrt^n  may  be  separated  from  the  air  by  bumiiw 
in  it  anv  substance  which  forms  with  the  oxygen  a  product  that  can  easily  be  removef 
Thus  when  phosphorus  bums  under  a  bell-jar  standing  over  water  in  the  pneumatic 
trough,  phosphoric  acid  is  produced,  and  is  quickly  absorbed  by  the  water,  woich  then 
rises  into  the  jar  till  it  fills  about  one-fifth  of  the  space  originally  occupied  by  the  air. 
The  remaining  gas,  after  being  well  shaken  several  times  wi^  fiwih  portions  of 
water  to  remove  the  last  traces  of  phosphoric  acid,  consists  of  nitrogen  contaminated 
only  with  aqueous  vapour  and  a  trace  of  carbonic  anhydride.  When  the  gas  is  required 
quire  pure,  a  better  method  of  obtaining  it  is  to  pass  air  previously  freed  from  carbonic 
anhydride  by  caustic  potash  and  from  aqueous  vapour  by  oil  of  vitriol,  overignited  metallic 
copper ;  the  oxygen  tnen  enters  into  combination  with  the  copper  and  the  nitrogen,  may 
be  received  in  a  vessel  exhausted  of  air.  Or  air  frY)m  a  cas-holder  may  be  passed 
through  a  large  bottle  filled  with  a  mixture  of  moistened  sawdust  and  precipitated  oxide 
of  iron  which  has  been  converted  into  sulphate  of  iron  by  a  current  of  sulpbydric  add 
gas.  After  its  transit  through  this  vessel,  the  air,  deprived  almost  entirely  of  its  oxy- 
gen, should  be  passed  through  a  series  of  four  TJ-tubes,  the  first  two  containing  solution 
of  pyrogallate  of  potassium  a  caustic  potash  to  absorb  the  carbonic  anhydride  and  residual 
oxygen,  the  last  two  containing  oil  of  vitriol  to  absorb  the  aqueous  vapour.  This 
is  a  veiy  convenient  method  in  practice,  as  the  sulphide  of  iron  may  be  restored  to 
efficient  activity  an  indefinite  number  of  times  by  passing  sulphydric  acid  gas  through 
the  containing  vesseL 

2.  /Vom  Ammonia  and  it$  »aU». — a.  By  passing  chlorine  through  aqueous  ammonia : 

4NH»  +  Cl«     -     N  +  3NHHX 
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The  liberat«d  nitrogen  may  be  freed  from  adherins  ammonia  by  washing  vith  ■olphnrie 
acid.  Care  must  be  taken  to  keep  the  ammonia  in  considerable  excess,  as  othervise 
the  dangerous  compound,  chloride  of  nitrogen,  may  be  formed  by  the  action  of  tho 
chlorine  on  the  sal-ammoniaa  According  to  Anderson  (Chem.  News,  r.  246),  the 
nitrogen  obtained  by  this  method  lb  always  mixed  with  oxygen. 

0.  Solution  of  nitrite  of  ammomum  when  boiled  splits  up  into  water  and  nitrogen, 
NH*NO*  »  2HK>  +  lO.  But  as  this  salt  is  difficult  to  prepare,  it  is  better  to  snb- 
•titnte  for  it  a  mixtore  of  sal-ammoniac  and  nitrite  of  potassium : 

NH*a  +  KNO»    -     Ka  +   2HK)  +  N. 

This  ifl  the  easiest  of  all  methods  of  obtaining  pure  nitrogen.  The  solution  of  nitrite  of 
potassium  may  be  prepared  by  passing  nitrous  anhydndei,  evolved  from  starch  and 
nitric  acid,  into  solution  of  potash  of  speciflc  gravity  138,  till  it  acquires  a  derided 
acid  resetion,  when  it  is  to  be  neutralised  by  fiuther  addition  of  the  alkalL  This  solu- 
tion undergoes  no  change  by  keeping,  and  when  required  to  yield  nitrogen,  must  be 
mixed  with  three  times  its  Tolume  of  a  concentrated  solution  of  sal-ammoniac. 

y.  Nitiate  of  ammonium  heated  in  the  dry  state  with  sal-ammoniac  also  yields 
nitroeen,  together  wiUi  ehlorine,  which  may  be  absorbed  by  slaked  lime  or  caustio 
potaA: 

2(NH*)N0*  +  NHH31     -    N»  +  CI  +  6H»0. 

Nitrogen  may  also  be  obtained  from  nitrate  of  ammonium  by  dipping  a  piece  of 
mettiUic  sine  into  the  fused  salt. 

8.  Or  it  may  be  procured  by  saturating  oil  of  vitriol  with  nitric  oxide  gas,  adding 
sulphate  of  ammonium,  and  heating  to  130°. 

3.  From  Animal  tuhttaneea. — Muscle  and  other  animal  substances  gently  heated 
with  dilute  nitric  acid  give  off  nitrogen,  together  with  a  little  nitric  oxi<&,  whidl  may 
be  removed  by  passing  the  evolved  gas  through  a  solution  of  ferrous  sulphate. 

Properties. — Nitrogen  is  a  colourless  uncondensable  eas,  of  specific  gravity  0972 ; 
tasteless,  inodorous,  and  without  action  on  vegetable  colours.  It  is  sparingly  soluble 
in  water,  100  measures  of  which  at  16°  dissolve  only  1^  measures  of  nitrogen.  (See 
Gasbs,  Absorption  of,  ii.  795.)  It  is  incombustible,  and  does  not  support  the  com- 
bustion of  ordinaiy  combustibles  (sulphur,  phosphorus,  carbon,  hydrocarbons,  Ac).  It 
may  be  breathed  for  a  short  time,  but  does  not  support  respiration.  It  is  not  poisonous, 
but  an  animal  immersed  in  it  dies,  simply  for  want  of  oxygen.  Its  function  in  the  at- 
mosphere^ as  regards  combustion  and  respiration,  appears  to  be  merely  that  of  a  diluent, 
preventing  the  too  rapid  action  that  would  take  place  in  an  atmosphere  of  unmixed 
oxygen. 

In  the  free  state,  nitrogen  exhibits  for  the  most  part  but  little  chemical  activity. 
The  metals  titanium^  tantalum,  tungsten,  and  probably  a  few  othnv,  combine  with  it 
however,  and  even  bom  in  it,  and  under  certain  circumstances  it  may  be  made  to  unite 
directly  with  hydrogen,  oxygen,  and  carbon,  Thtis  when  a  long  series  of  electric  sparks 
is  passed  through  a  mixture  of  oxygen  and  nitrogen  gases  standing  over  a  solution  of 
caustic  alkali,  combination  slowlv  takes  place,  and  a  nitrate  of  the  alkali-metal  is  pro- 
duced. Traces  of  nitric  add  and  nitrate  of  ammonium  also  result  from  burning  hydro- 
gen  gas  mixed  with  nitrogen  in  an  atmosphere  of  air  or  oxygen.  Nitrogen  and 
ydrogen  can  also  nnite,  when  one  or  both  the  gases  are  in  the  nascent  state,  to  form 
ammonia  (i.  182).  The  direct  union  of  carbon  with  nitrogen  to  form  cyanogen,  takes 
place  when  nitrogen  gas  or  atmospheric  air  is  passed  over  an  ignited  mixture  of  charcoal 
and  potash  or  baryta.     (See  Ctahidbs,  ii  198,  239.) 

The  slight  affinity  pxisting  between  nitrogen  and  other  elements  gives  a  peculiar 
character  to  its  (impounds,  many  of  which  are  extremely  jn^ne  to  decomposition,  e.g, 
the  asotised  principles  of  the  animal  and  vegetable  organism.  Kany  nitrogen- 
compounds  also,  especially  those  which  contain  the  oxygenated  radicle  nitryl,  N0^  are 
highly  explosive. 

Nitrogen  belongs  to  the  pentad  group  of  elements  (iii.  967),  including  also  phospho- 
rus, arsenic, antimony  and  bismuth.  Itenters  however  into  combination  with  otherele- 
mpnts  in  several  proportions ;  thus  there  is  a  complete  series  of  oxides  of  nitrc^n,  in 
which  the  ratio  of  the  number  of  nitrogen-atoms  to  that  of  the  oxygen-atoms  ranges 
between  the  limits  2  :  1  and  2  :  5;  and  Griess  has  shown  that  in  a  variety  of  organic 
bodies,  a  single  atom  of  nitrogen  may  be  substitnted  for  1  or  for  3  atoms  of  hydrogen. 
In  ammonia  and  its  numerous  substitution  derivatives,  a  single  atom  of  nitrogen  is  united 
with  3  atoms  of  hydn^n  or  of  radicles  equivalent  thereto ;  in  the  ammonium-salts  and 
their  anal(^es,  on  the  othw  hand,  an  atom  of  nitrogen  is  united  with  fi  atoms  of 
hydrogen  and  other  monatomic  elements,  or  with  equivalent  quantities  of  polyatomic 
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Qt  ;  sulphate  of  ammomnm,  ^i/no*!"* 

vmtOOBW,  aOwa»a  or.    See  Bobow,  Kitbidb  or  (i  635). 

VZTXOOBWf  BXOMtmB  or«  NBr*?— Formed  bydeeomponng  ehlorido  ai 
nitrogen  vith  aqueons  bromide  of  potassium.  Dense  bUddsh-red,  yeiy  volatile  oO, 
bavinff  an  odour  like  that  of  the  chloride,  and  exploding  violently  bj  contact  with 
phosphorus  and  arsenic.    (Hillon,  Ann.  Ck.  Phys.  Izix.  75.) 

MtTMOUWM^  OB&OXZBB  Or.  KQ"  ?— This  higfalv  exnlamve  oompomid  wm 
discovered  by  Pulong  in  1812.  It  may  be  prepared :  1.  Br  filling  a  bottle  carefnily 
cleaned  and  freed  from  eveiy  trace  of  greasy  impurity,  with  chlorine  gas,  and  inverting 
it  over  a  leaden  dish  containing  a  weak  solution  of  some  ammoniacal  salt,  a  aolntion  of 
1  pt.  sal-ammoniac  in  12  to  15  pts.  water  being  generallv  employed.  The  chlorine  is 
then  gradually  absorbed,  while  yeUow  oily  drope  of  chloride  of  nitrogen  fbim  on  the 
Bur&ce  of  the  liquid,  and  soon  &11  to  the  bottom.    The  reaction  ia— 

NH*a   +   a«  -  4Hca   +   kot. 

2.  When  a  small  lump  of  sal-ammoniac  is  suspended  in  an  aqueous  aolntion  of 
hypochlorous  add,  the  same  compound  ia  deposited,  being  prodnoed  according  to  tha 
reaction: 

NHKn    +    SHaO    -    Ha    +    8H«0    +    Nca«. 
This  is  a  better  mode  of  preparation  than  the  former. 

Chloride  of  nitrogen  is  a  thin  yellow  oil  of  speciflc  gravity  1*663.  It  volatilise^ 
quickly  in  the  air,  giving  off  a  peculiar  penetrating  odour,  and  attacking  the  eyea 
NtroDgly.  When  heated  to  nearly  100*^,  or  when  treated  with  any  oil  or  &t,  or  with 
tun>entine,  phosphorus,  and  many  other  substances,  it  decomposes  with  an  eoctremely 
violent  though  local  explosion.  A  single  drop  of  it  exidoded  on  a  glass  or  porcelain 
dish,  shatters  the  vessel  to  atoms.  By  hydrochloric,  sulphydric,  or  sulphurous  acid,  it 
is  decomposed  without  explosion,  and  these  reactions  afford  the  means  of  analysing  the 
compound.  The  results  of  different  chemists  who  have  examined  it  do  not,  however, 
agree.  Acording  to  Binean  (Ann.  Ch.  Phys.  [3]  xv.  71)  it  has  the  formula  NCI"; 
according  to  MiUon  (Ann.  Ch.  Phys.  [2]  Ldx.  76),  it  is  N^*C1»  »  Na".2NH»; 
according  to  Gladstone  (Chem.  Soc  Qu.  J.  vii  61).  W*Ha*  =  NCl'JiHCl*.  The 
reaction  with  sulphurous  acid  is,  according  to  Bineau'a  formula, 

HO*  +   SffSO*  +  8H«0  -  NH*.H.SO«  +  2H«S0*  +  8HC1; 

according  to  Gladstone's, 

N»Ha»  +  6H*S0«  +  6H«0  «  2(NH1H.S0*)  +  8H«S0*  +   6HCL 

irzTmooBir,  CKitOBOVKoavBira  or.  NPCl*.  See  FHospaoBua,  Chlo- 
BomraiDB  of. 


OF.  NS«a  or  N«S".SC1«.— When  the 
compound  2NH'.SCl'  (obtained  by  bringing  ammonia-gas  slowly  in  contact  with 
protosulphide  of  chlorine)  is  heated  for  some  hours  to  100°  in  a  glass  tube,  it  is 
converted  into  a  yellow  mixture  of  sal-ammoniac  and  chlorosulphide  of  nitrogen  : 

2(2NH".Sa*)  =  SNHKn  +  NSK3L 

On  heating  this  mixture,  sal-ammooiac  is  given  off,  and  the  chloroaulphide  of  nitrogen 
is  resolved  into  nitrogen,  sulphur  and  disuTphide  of  chlorine — 

2NS«C1  -.  N*  +  fiFCl'  +   S». 

The  same  mixture  dissolves  completely  in  water,  and  the  solution,  which  is  yellow  at 
first,  becomes  turbid  aftera  while  and  slowly  deposits  a  brown  powder,  and  is  then  found 
to  contain  sal-ammoniac  and  hyposulphurous  acid,  with  a  trace  of  sulphydric  acid.  The 
principal  reaction  may  be  expressed  by  the  equation : 

KSKJl   +   3H«0  -  NH*C1  +  H»a«0". 

The  brown  powder  appears  to  be  composed  of  7  at  sulphur,  3  at  hydrogen  and  3  at. 
ni^^en,  with  a  trace  of  chlorine. 

When  carbonic  anhydride  is  passed  through  a  hot  solution  of  sulphide  of  nitrogen 
in  protosulphide  of  chlorine,  a  small  quantity  of  chlorosulphide  of  nitrogen  sublimes 
aftrr  a  while  in  yellow  crystals.  The  compound  thus  prepared  gives  a  blue  colour 
with  ammonia.  (Sonbeiran,  Ann.  Ch.  Phys.  Ixvii.  87,  101.  Pee  also  Gmdxn*% 
Handbook,  ii.  475.) 
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WmtOOWM,  BSTBCrXOV  Airs  BSTXIOATIOW  of.  Reactiotu.—The 
properties  of  nitrc^en  in  the  free  state  hare  been  already  described.  They  are 
essentially  n^ative.  A  gas  which  does  not  burn  in  the  air  or  support  the  combustion  of 
a  taper,  which  has  neither  an  acid  nor  an  alkaline  reaction,  dues  nut  render  lime-water 
turbid,  and  is  not  absorbed  by  caustic  alkalis  or  by  acids,  may  be  pronounced  to  be 
nitrogen.  In  like  manner,  in  examining  a  gaseous  mixture,  after  all  the  absorbable 
gases  have  been  removed  by  appropriate  retigents,  hydrogen  and  hydrocarbons  by  ex- 
plosion with  oxygen,  and  oxygen  itself  by  explosion  with  hydn^en,  the  residual  gas  can 
consist  of  nothing  but  nitrogen,  and  its  volume  may  be  determined  by  direct  measure- 
ments (See  Analysis  (Voluiuet&ic)  of  G abbs,  L  273, 280, 285 ;  also  ATirosrHXAB,  i.  635.) 

The  methods  of  detecting  and  estimating  nitrogen  in  liquid  and  solid  compounds  in 
which  it  is  associated  with  carbon  and  hydrogen,  viz.  in  organic  bodi«*A,  have  been 
already  fully  described  in  the  article  AyALTsis,  Oboakic  (i.  225,  239).  The  method  of 
calciiuttion  with  soda-lime  may  also  be  applied  to  the  determination  of  nitn^n  in 
many  inorganic  compounds,  e.g.  the  nitride  of  boron  (i  636),  and  certain  metallic 
oitndes. 

Nitride  of  boron  may  also  be  analysed  by  mixing  it  with  a  known  weight  of  pure 
oxide  of  lead,  drenching  the  mixture  with  nitric  acid,  evaporating  it  to  dryness,  and 
calcining  it  in  a  platinum  crucible.  The  excess  of  weight  of  the  residue  over  the 
original  weight  of  the  lead-oxide  gives  the  quantity  of  boric  anhydride  produc<*d  by 
the  oxidation  of  the  boron,  whence  the  amount  of  boron  in  the  compound  may  be  cal- 
culated, and  the  nitrogen  determined  by  difference. 

Nitride  of  phosphorus  may  be  analysed  in  a  similar  manner;  or  by  heating 
it  to  redness  in  a  stream  of  hvdn^n,  whereby  the  nttn^n  is  converted  into  ammonia, 
which  may  be  condensed  in  nydiochloric  acid,  and  estimated  as  platinnm-salt. 

Sulphide  of  nitrogen  is  analysed  by  oxidising  the  sulphur  with  nitric  acid,  or 
with  hydrochloric  acid  and  chlorate  of  potassium;  or  by  dissolving  the  compound  in 
dilute  potash,  and  oxidising  with  hypochlorite  of  potassium.  The  sulphuric  acid  thus 
formed  is  precipitated  by  a  barium-salt,  the  quantity  of  sulphur  thence  calculated,  and 
the  nitrogen  determined  by  difference. 

The  compoandsofnitrogen  with  chlorine,  bromine,  and  iodine,  mav  be  analysed 
by  decomposing  them  with  hydrochloric,  sulphydric  or  sulphurous  acid,  and  deteormining 
the  quantities  of  ammonia,  and  of  hydrochloric  acid,  &c.,  thereby  produced  (see  iii. 
281,  andiv.64). 

The  nitrogen  in  metallic  nitrides  may,  in  most  cases,  be  accurately  determined 
by  i^iting  the  compound,  reduced  to  very  fine  powder,  with  oxide  of  copper  in  a  com- 
bustion-Cube. The  metal  is  thereby  oxidised,  and  the  nitrogen  is  given  off  as  gas,  which 
may  be  collected  and  measured.  It  does  not  appear  that  any  oxides  of  nitrogen  are 
formed  durii^  ihe  combustion.  If  the  compound  also  (»>ntains  hydn^en,  that  element 
will  be  converted  into  water,  which  may  be  condensed  in  a  chloride  oi  calcium  tube,  as 
in  organic  analysis.  In  some  cases  exact  results  may  be  obtained  bv  igniting  the 
nitride  in  a  cnrrent  of  air  or  oxygen — whereby  the  metal  is  oxidised,  while  the  nitrogen 
escapes — weighing  the  resulting  oxide,  thence  determining  the  amount  of  metal,  and  the 
nitrogen  by  difference. 

Another  method  of  decomposing  metallic  nitrides  is  to  ignite  them  in  a  state  of 
extremely  fine  division  in  a  stream  of  hydrogen  gas.  The  nitrogen  is  then  converted 
into  ammonia,  which  may  be  condensed  in  hydrochloric  acid,  while  the  metal  remains 
in  the  free  state.  If  an  oxide  is  likewise  present,  water  will  be  formed ;  and  if  it  be 
condensed  by  chloride  of  calcium  or  hydrate  of  potassium  and  weighed,  its  weight  will 
give  by  calculation  the  quantity  of  oxide  present  in  the  metallic  compound.  Th>re  are 
a  few  metallic  nitrides  which  are  not  decomposed  by  hydrogen ;  such  is  the  cast*  with 
nitride  of  chromium. 

The  method  very  frequently  adopted  for  analysing  met&lUc  nitrides  is  to  fuse  them 
in  the  state  of  fine  powder  with  kgdraU  of  potassium  or  soda-lime^  whereby  the 
nitrogen  is  converted  into  ammonia.  Some  nitrides,  however,  are  not  (^mpletely 
decomposed  by  this  treatment,  and  nitride  of  chromium  resists  it  altogether.  Whether 
the  decomposition  of  tbetie  nitrides  would  be  assisted  by  addition  of  sugar,  as  in  the 
analysis  of  certain  organic  nitrogen -compounds  (i.  246),  is  a  point  which  does  not 
appear  to  have  been  ascertained  by  experiment. 

The  quantity  of  metal  in  the  more  refractory  metallic  nitrides  may  be  determined  by 
fusing  the  compound  with  a  mixture  of  alkaline  carbonate  and  nicratf,  whereby  the 
nitrate  is  oxidised.  These  compounds  may  also  be  oxidised  by  digestion  in  a  strong 
solution  of  an  alkaline  hypockUirite^  the  nitrc^en  being  at  the  same  time  given  off  us  gas. 

Lastly,  these  more  reftuctory  nitrides  may  be  analysed  by  fusion  with  acid  sulphate 
of  potassium.  This  method  has  been  implied  by  Wohler  to  the  analysis  of  the  crystals 
of  nitrocyanide  of  titanium  found  in  iron  smelting  furnaces  (ii.  273)..  The  crystals, 
reduced   to   fine   powder,  were  dissolved   by  fusion  in  the  previously  melted  salt 

Vou  IV.  F 


66  NITROGEN:  OXIDES  AND  OXYGEN- ACIDS. 

coDtain«d  in  a  nD&Urotort;  theeroWed  gases,  consisting  of  nitrogen,  carbonic  anhydride 
(from  the  c]ran<^n)  and  sulphurous  anhydride,  were  passed  through  a  tube  containing 
lumps  of  potash,  to  absorb  the  last  two  ^ases ;  and  the  mtfogen  was  collected  and 
measured  (see  Bose's  Chimie  Analytique,  ii.  lOSl). 

It  is  often  of  importance  to  detect  and  estimate  the  presence  of  r^  small  qosntities 
of  nitrogen  in  mefcals,  inasmuch  as  the  peculiar  properties  of  certain  metals  prepared 
by  particular  prooMses,  are  sometimes  attributed  to  the  presence  of  these  minute 
quantities  of  nitrogen.  Thus  the  difference  in  quality  of  rarions  kinds  of  steel  has 
been  partly  attributed,  by  Fr^my  and  others,  to  the  greater  or  smaller  quantities  of 
nitrogen  contained  in  them.  On  the  other  hand,  a  series  of  experiments  recently 
made  by  Messrs.  Stuart  and  Baker  (Gbem.  Soc.  J.  zrii  390),  in  which  different 
kinds  of  steel  in  a  state  of  vexy  minute  division  were  ignited  in  hydrogen  gas,  have 
shown  that  when  proper  precautions  were  taken  to  prevent  access  of  nitrogen  from  the 
air  or  other  extraneous  sources,  the  quantity  of  ammonia  formed  is  almost  imperoep- 
tible ;  hence  they  consider  it  probable  that  the  small  quantities  of  nitrogen  found  in 
steel  by  other  obserrera  may  hare  been  due  to  errors  of  experiment,  and  at  all  eTentfl 
that  the  existence  of  nitn^nin  st^eel  cannot  be  regarded  as  proved.  Fr^my,  however, 
does  not  consider  the  method  of  ignition  in  hydrogen  as  well  adapted  for  the  precise 
determination  of  the  quantity  of  nitn^n  contained  in  steel,  but  is  of  opinion  that  the 
only  method  capable  of  yielding  trUHtworthy  results  is  the  direct  oxidation  of  the  steel 
by  combustion,  as  in  organic  auatysiB,  and  the  determination  of  the  nitrogen  by 
measurement     (Pelouze  et  Fr^my,  TraiU,  3me.  Ed.  iii.  412.) 

The  oxides  of  nitrogen  are  analysed  either  by  exploding  them  with  hydrogen 
(i.  286),  or  by  passing  them  over  red-hot  copper,  which  removes  the  ox^rgen  and  leaves 
the  nitrogen,  when  carbon  and  hydrogen  are  likewise  present,  as  m  organic  oom- 
ponnda,  the  substance  must  be  burnt  with  oxide  of  copper,  and  the  evolved  gases  passed 
over  red-hot  metallic  copper  (i.  242). 

The  methods  especially  adapted  for  the  analysis  of  nitrates  and  nitrites  will  ba 
described  further  on  (pp.  71,  84). 

Atomic  Weight  of  Nitrogen. — The  weights  of  equal  volumes  of  hydrogen  and 
nitrogen  at  the  same  pressure  and  temperature  are,  according  to  R^^iault's  ^>erimenta, 
as  1  :  14'06  ;  hence,  on  the  sssumption  that  equal  volumes  of  elemeutary  gases  contain 
equsd  numbers  of  atoms,  the  atomic  weight  of  nitrogen  should  be  14-06. 

Svanberg  (Bera.  Jahrosb.  xxii.  39),  by  the  analysis  of  nitrate  of  lead,  obtained  for  * 
nitrogen  the  number  13'95 ;  Penny  (FhiL  Trans,  cxzix.  13),  from  the  analysis  of 
nitmte  of  sodium,  found  N  =«=  14-02. 

The  experiments  of  Pelouze  (Compt  rend.  zz.  1047)  and  Harignac  (Ann.  Ch. 
Pharm.  lix.  289),  on  the  quantity  of  chloride  of  ammonium  required  to  precipitate  1  pt. 
of  silver  from  its  solution  in  nitric  acid,  give — if  Ag  —  108,  and  CI  —  36*5 — as  a  merin 
result,  N  -  13-99;  and  if  Ag  >^  107*98,  a  »  36-46,  then  K  -  14-01.— Marignac  has 
fiirther  determined  the  weight  of  nitrate  of  silver  produced  by  treating  a  known  weight 
of  metallic  silver  with  nitric  acid.  100  pts.  silver  gave,  as  a  mean  of  five  experiments, 
167-2  pts.  nitrate:  hence  (for  Ag  -  108)  N  -  14.  Stas  (Ann.  Ch.  Pharm.  Su[^ 
i.  62)by  the  same  method  found  N  «  14*041.— Lastly,  Marignac  finds  that  100  prfs. 
chloride  of  potassium  require  for  complete  decomposition,  on  the  average,  227*9  pts. 
nitrate  of  sUver  (max.  22809 ;  min.  <»  227*81),  whence  if  Ag  ^  107-98,  CI  ->  36-46 
and  E  -  3911,  we  find  K  -  14-03. 

These  several  results  differ  about  equally  in  excess  and  defect  from  the  whole  nam- 
ber  14,  which  is  accordingly  received  as  the  true  atomic  weight  of  nitrogen. 

WXTXOOaWt  XOBIDB  OF,     See  Iodahidks  (iii.  280). 

VZTBOOBV,  OXXBBB  AJTD  OZTOn-ACZSS  OT.  Nitrogen  forms  ■ 
very  complete  series  of  oxides,  as  represented  in  the  following  table : 

Protoxide  or  Nitrous  oxide N*0 

Dioxide  or  Nitric  oxide NH)'  or  NO 

Trioxide  or  Nitrous  anhydride N'O* 

Tetroxide  or  Nitric  peroxide N'O*  or  N0« 

Pentoxide  or  Nitric  anhydride     ,        .        ,        .        .  N*0*. 

All  these  compounds  may  be  produced  directly  or  indirectly  from  nitric  acid  and  re- 
converted into  It.  The  three  higher  oxides  are  decomposed  by  water,  yielding  tb« 
eonesponding  acids ;  thus : 

N»0«  +  HK)     -     2HN0« 

Nltrout  Mid. 
N»0«  +  UH)     =     HNO»  +  HNO* 

Nitrous  add.  Nitric  scld. 

H0»  +  H-0     «     2HN0» 
NUrlc  «ti4t. 
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Paotoxidb  of  Kitroobx  or  Nitboos  Ozidb.    N'O. 

Tfaia  eompound,  which  is  gaseoos  at  ordinary  temperatures,  was  diseovered  hj 
Priestley  in  1776,  and  minutely  examined  by  Bayy  in  1800,  who  first  noticed  the 
lively  stimulating  effects  produced  by  its  inhalation,  whence  its  popular  name  of 
Laughing  go*. 

Armation  and  Preparation. — 1.  By  gently  heating  nitrate  of  ammonium  in  a  flask 
or  retort  to  a  temperature  not  exceeding  260°.  The  salt  puts  on  the  appearance  of 
ebullition,  and  is  entirely  resolved  into  water  and  nitrous  oxide : 

(NH*)NO"     -     N'O  +  2H«0. 

The  gas  may  be  collected  over  brine,  warm  water,  or  mercury.  If  the  temperature  of 
the  nised  salt  is  allowed  to  rise  too  high,  a  more  complex  decomposition  ensues, 
attended  with  the  evolution  of  white  fumes  of  nitrate  and  nitrite  of  ammonium,  and  of 
nitrogen,  nitric  oxide  and  ammoniacal  gases.  Moreover  this  decomposition  is  some- 
times attended  with  explosion.  If  the  gas  is  to  be  used  for  inhalation,  great  care  must 
be  taken  to  ensure  that  the  nitrate  of  ammonium  used  is  free  from  sal-ammoniac, 
oUierwise  the  product  will  be  contaminated  with  chlorine. 

2.  When  granulated  sine  is  acted  upon  by  nitric  acid  dilated  with  eight  or  ten 
times  its  volume  of  water,  very  pure  nitrous  oxide  gas  is  slowly  evolved : 

lOHNO"  •¥  Zn«    -    4ZuCK0»)»  +  6H»0  +  N«n. 

3.  Nitrous  oxide  may  also  be  obtained  by  decomposing  nitric  acid  or  a  nitrate  with 
a  solution  of  stannous  chloride  in  hydrochloric  acid  ;  by  acting  upon  sal-ammoniac 
with  nitric  acid  of  specific  gravity  1-2  ;  by  slowly  passing  nitric  oxide  gas  through  a 
solution  of  sulphurous  acid  or  an  acid  sulphite ;  by  decomposing  nitrosulphate  of  am- 
monium ;  and  by  many  other  reactions ;  but  when  requind  in  quantity,  it  is  always 
prepared  &om  nitrate  of  ammonium. 

Properties. — Kltrous  oxide  is  at  ordinary  temperatures  a  colourless,  feebly  refirangi- 

ble  gas,  of  specific  gravity  1'496  (  »  -^ — ^ —  x  00693  j .   It  has  a  fiiint  agreeable 

odour  and  sweetish  taste.  When  respired  for  four  or  five  minutes,  it  produces  a  lively 
intoxication,  often  attended  with  a  disposition  to  muscular  exertion  and  violent 
laughter.  Animals  immersed  in  it  become  restless  and  die  after  some  time.  It  is 
somewhat  soluble  in  water^  100  pts.  of  which  absorb  130  volumes  of  the  gas  at  0°, 
78  vol.  at  XSPy  and  61  vol  at  24°.  (See  Gasrs,  Absorption  of,  ii  796.)  It  also 
dissolves  in  ether  and  in  the  fixed  and  txUaiile  oils.  Neither  the  gas  nor  any  of  its 
solutions  has  any  action  upon  vegetable  colours. 

Nitrous  oxide  may  be  reduced  to  the  liquid  and  to  the  solid  state.  The  liquid  is 
obtained  bv  heating  perfectly  diy  nitrate  of  ammonium  at  the  end  of  a  bent  glass  tube 
hermptically  sealed,  till  the  whole  has  distilled  over  to  the  cold  end;  then  this  end 
is  heated,  and  so  on  two  or  three  times  till  the  greater  part  of  the  salt  is  decomposed. 
In  the  cooler  end,  two  strata  of  liquid  condense,  the  lower  of  which  is  water  oontaioing 
nitrous  acid  and  nitrous  oxide  in  solution,  the  upper  liquid  nitrous  oxide.  The 
apparatus  is  very  liable  to  burst  with  extreme  violence,  so  that  the  greatest  caution  is 
required  in  using  it  (Faraday).  The  liquid  compound  may  also  be  obtained  by 
mechanical  compression  of  the  gas.     (Natterer,  P<^.  Ann.  xii.  132.) 

Liquid  nitrous  oxide  is  colourless  and  very  mobile.  Its  specific  gravity  at  7°,  and 
under  a  pressure  of  60  atmospheres,  was  found  to  be  0*908.  It  boils  at  about  —  88°. 
A  single  drop  of  it  placed  upon  the  hand  produces  a  wound  like  a  bum.  Metals  dipped 
into  it  make  a  hissing  noise,  like  that  produced  by  quenching  red-hot  iron  in  water. 
Potassium,  charcoal,  sulphur,  phosphorus,  and  iodine  float  on  its  surface  witlu>ut 
alteration.  Ignited  charcoal  bums  on  its  surface  with  a  vivid  light  It  is  miscible  with 
ether  and  alcohol.  Sulphuric  and  nitric  acid  are  immediately  &oeen  by  it.  Water 
also  freezes,  but  at  the  same  time  causes  the  liquid  nitrous  oxide  to  evaporate  vritb  a 
d^ree  of  rapidity  almost  amounting  to  explosion.  According  to  Faraday,  nitrous  oxide 
is  the  least  refractive  of  all  liquids. 

By  exposing  liquid  nitrous  oxide  to  the  cold  produced  b^  a  bath  of  solid  carbonic 
anhydride  ana  ether  (  — 100°  C.  or  —  148°F.),the  compound  u  reduced  to  the  solid  states 
Again,  when  liquid  nitrous  oxide  is  allowed  to  escape  into  the  air,  by  opening  the  stop* 
cock  of  the  vessel  in  which  it  has  been  condensed,  the  first  portion  which  escapes  is 
reduced  to  the  solid  state.  Solid  nitrons  oxide  is  a  white  snowy  mass  which,  when 
placed  upon  the  hand,  melts,  evaporates  suddenly,  and  produces  a  blister  like  a  bum. 
Mixed  in  vacuo  with  sulphide  of  carbon,  it  depresses  the  thermometer  to  — 140°  C  or 
-240*?.     (Natterer.) 

Deeotnpo8itio7U.-~~L  "SitxoJiM  oxide  gas  is  resolved  into  its  elements  by  a  series  of 
•lectric  sparks,  or  by  transmission  through  a  red-hot  tube,  2  voL  of  the  gas  yielding 
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1  ToL  oxygen  and  2  toL  nitrogen.  A  coil  of  iron  rendered  incandescent  hj  th«  eleetne 
eorrent  also  decomposes  it,  with  formation  of  ferric  oxide,  and  liberation  of  a  Tolume  of 
nitrogen  equal  to  that  of  the  original  gas.  A  similar  effect  is  produced  hy  the  deetrie 
arc  issuing  &om  an  iron  point.     An  incandescent  pLttiDum  cou  produces  a  more  com- 

Slex  decomposition,  attended  with  formation  of  red  vapours.    (Siuff  and  Hofmann, 
hem.  Soc.  J.  x.  279.) 

2.  Kitzons  oxide  forms  explosive  mixtures  with  many  inflammable  gases.  Wben 
exploded  with  its  own  volume  of  hydrcffeftt  it  yields  water  and  a  volume  of  mtrogen 
equal  to  that  of  the  original  gas. 

N«0   +  H»     -    HK)  +  N« 
tvol.      StoL  StoI. 

S.  Nitrons  oxide  acts,  like  oxygen,  as  a  supporter  of  combustion,  but  is  distingnisbed 
from  that  gas  by  not  forming  red  vapours  when  mixed  with  nitric  oxide.  A  bright- 
glowing  match  introduced  into  nitrous  oxide,  bursts  into  flame  and  bums  with  a 
brilliancy  almost  equal  to  that  which  it  exhibits  in  oxygen.  Ignited  carbon  and  ita 
compounds   inflame  very  readily  in  nitrous  oxide  gas;     but  other  comboBtibles, 

Chospkorus  and  sulphur  for  example,  require  to  be  verr  strongly  heated  in  order  to 
urn ;  the  combustion,  however,  when  once  established,  takes  place  with  great 
brilliancy.  Sodium  heated  in  nitrous  oxide  takes  fire  and  leaves  a  volume  of  nitrogen 
equal  to  that  of  the  original  gas.  Iron,  xinc^  and  other  metals,  in  a  state  of  ignition. 
also  continue  to  bum  in  nitrous  oxide. 

BlOXIDB  OP  NiTKOOBN  Or  NiTKIO  OxiDE,  KO  Or  N^O'. 

Synonymes.  Binoxide  of  Nitrogen.  Dtutoxide  of  Nitrogen.  Nitroayl.  AeoiyL 
Nitrous  gas.  Nitrous  air.  Salpetergas.  Gas  nitrosum, — This  gas,  which  was  first 
investigated  if  not  discovered  bv  Priestley,  maybe  prepared: 

1.  By  acting  on  copper  clippings  or  borings  with  nitric  acid  of  speciflc  gravity  1*^ 
made  by  diluting  the  strong  acid  with  about  twice  its  bulk  of  water.  Nitrate  of  copper 
is  then  formed,  and  nitric  uxide  evolved : 

8HN0«  +  Cu»    «    3Ctt(N0«)«  +  4H»0  +  NK)«. 

The  reaction,  if  it  don  not  take  place  at  once,  may  be  set  up  by  Che  application  of  a  gentle 
heat ;  but  the  lower  the  temperature  the  purer  is  the  resulting  gas.  When  strong  nitric 
acid  is  used,  or  the  temperature  rises  high,  the  nitnc  acid  is  contaminated  with  free 
nitrogen.  Other  metals,  lead,  mercury,  silver,  and  bismuth,  for  example,  may  be  anb- 
stttnted  fur  copper  in  the  above  reaction,  but  with  them  a  strong  acid  or  a  higher 
temperature  is  required. 

2.  By  decomposing  nitrate  of  potassium  or  sodium  with  a  solution  of  fenroua 
chloride  in  hydrochloric  acid,  or  of  ferrous  sulphate  in  dilute  sulphuric  acid: 

6FeS0*  +   SH^O*   +   2KN0«     -     3Fe*(S0*)«  +   2HKS0*  +  4H»0   +   2NO, 
This  process  yields  the  gas  abundantly  and  in  a  pure  state. 

3.  Nitric  oxide,  more  or  less  pure,  is  produced  by  many  other  reductions  of  nitrou 
or  nitric  acid ;  also  by  the  oxidation  of  ammonia,  as  when  that  gas  is  {Kissed  over  heated 
oxide  of  manganese. 

Properties  and  Beactions, — Nitric  oxide  is  a  colourless  uncondensable  gas  of  specifie 

giarity  1-0396  (m»  l — 1— L   x  O-OOOsV      It  is  very  sparingly  soluble  in  vHiter. 

According  to  Heniy,  1  voL  water  at  mean  temperature  absorbs  ^  of  its  volume  of  the 
gas.     According  to  Bunsen,  100  vol.  aloohol  at  15°  absorb  27 '4  vol  of  the  gas. 

Nitric  oxide  combines  directly  with  free  oxygen,  producing  deep  oranf^e-coloured 
fumes  of  variable  composition,  but  consisting  in  great  pwt  of  nitric  peroxide.  TheMe 
red  vapours  dissolve  in  water,  forming  an  acid  solution,  but  nitric  oxide  itself  is 
perfectly  neutral  to  veptable  colours.  From  the  characteristic  nature  of  this  reaction, 
■  nitric  oxide  may  be  advantageously  employed  to  detect  the  presence  of  free  oxygen  in 
a  gaseous  mixture.  It  is  necessary  to  obperve,  liowfver,  that  ch/orinf,  in  presence  of 
water,  produces  the  same  effect  with  nitric  oxide,  inasmuch  as  it  decomposes  the 
water  and  sets  oxygen  free.  This  reaction  was  in  fiict  one  of  those  which  were 
formerly  adduced  in  favour  of  the  theory  which  regarded  chlorine  as  a  compound  gas 
tontaining  oxygen.  Nitric  oxide  was  formerly  used,  eppecially  by  Priestley  and 
Cavendinh,  to  estimate  the  proportion  of  oxygen  in  the  air  or  other  gaseous  mixture,  but 
the  method  is  not  capable  of  yielding  exact  results,  on  account  of  the  difficulty  of 
obtaining  nitric  oxide  perfectly  pure,  and  it  has  long  since  been  superseded  by  more 
trustworthy  methods.  In  consequence  of  the  rapid  convei-sion  of  nitnc  oxide  into  acid 
products  when  it  comes  in  contact  with  the  air,  its  actual  taste,  smell,  and  respirability 
fiave  not  been  ascertained. 
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Nitric  oxide  is  absorbed  freely  by  nitrw  acid,  with  probable  cooTersion  into  nitrie 
peroxide,  and  formation  of  a  deep  brown,  green,  or  blue  liquid,  according  to  the  con- 
centration of  the  acid.  It  is  likewise  absorbed  hy  ferrous  saits^  producing  a  deep 
brown,  almost  black  coloration.  The  brown  liquid  thna  formed  contains  2  atoms  of 
iron  (at  w.  *=>  66)  to  each  molecule  of  nitric  oxide,  the  formula  of  the  compound  being 
2I''e'^S0^NO.  It  gives  up  nearly  the  whole  of  the  absorbed  gas  when  heated,  but 
l)ocome8  rapidly  oxidised  on  exposure  to  the  air.  This  compound  is  also  formed  when 
nitric  or  nitrous  acid  is  added  to  the  solution  of  a  ferrous  salt,  and  affords  one  of  the 
most  delicate  tests  for  those  acids  (pp.  71.  82).  Nitric  oxide  forms  precisely  similar 
compounds  with  chromou$  salts ;  it  u  likewise  absorbed  hy  stannous  trndmercurovs 
salts,  and  forms  crystalline  compounds  with  stannic  chloride,  and  with  sulphuric 
acid  or  anht/drid-e, 

Dfcvmppsitions. — 1.  Nitric  oxide  is  a  very  stable  compound,  and  if  perfect^  dry,  is 
not  decomposed  by  a  red  heat,  or  by  ordinary  electric  sparks.  BujOT  and  Hofoiann 
found,  however,  that  it  was  slowly  decomposed  by  the  spark  current  of  the  induction 
coil.  Moist  nitric  oxide  is  more  easily  decomposed  by  a  succession  of  electric  sparka 
into  nitrogen  and  nitric  acid. — 2.  By  moist  iron  JUings,  einc  ^incs,  soluble  sulphides, 
acid  sulphites^  stannous  chloridr^  and  other  reducing  agents,  it  is  slowly  converted  into 
nitrous  oxide,  frequently  accompanied  by  ammonia. — 3.  Nitric  oxide  is  completely  con- 
verted into  ammonia  when  mixed  with  excess  of  sulphydric  acid^  and  transmitted  over 
quicklime. — 4.  A  mixture  of  moist  iron  filings  and  siUphur  also  reduces  nitric  oxide 
Tery  completely,  but  chiefly  to  free  nitrogen.— 6.  Ordinftry  combustibles  do  not  bum 
in  nitric  oxide,  but  phosphmts  and  carbon^  when  introduced  in  full  combustion,  hum  in 
the  gas  with  greut  brilliancy. — 6.  With  an  equal  volume  of  hydrogen,  it  forms  a  mixture 
which  does  not  explode  on  the  approach  of  a  burning  body,  but  bums  quietly  with  a 
greenish  flame. — 7.  Four  volumes  of  nitric  oxide  passed  over  red-hot  charcoal  are  con- 
verted into  2  vol  nitrogen  and  2  vol.  carbonic  anhydride :  NK)'  +  C  »•  N''  +  CO*. — 
8.  Sulphur  does  not  bum  in  nitric  oxide,  but  a  mixture  of  the  vapour  of  sulphide  of 
carbon  and  nitrie  oxide  gas  inflames  readily,  producing  a  bright  greenish  flash  oi 
light. — 9.  Red-hot  iron  decomposes  nitric  oxide,  with  liberation  of  half  its  volume  ot 
nitrogen.  With  a  coil  of  iron  wire  rendered  incandescent  by  the  electric  current,  tlte 
decomposition  is  eanily  and  completely  effected  (Buff  and  Hofmann).  Potassium 
and  sodium  effect  similar  decompositions  when   heated  sufBciently  to  bum  in  the 

Nitric  oxide  enters  into  several  compounds  as  a  monatomic  radicle  (nitrosyl),  replac- 
ing hvdrogen  atom  for  atom,  as  in  the  nitrites,  the  general  formula  of  which  is 

M  \'  ^^  ^  ^^^  ^^^  ™°^^  ^^^^  ^  cbloroos  rather  than  a  basylons  character, 
nevertheless  it  is  sometimes  capable  of  replacing  basylous  hydr(^n,  as  in  chloride  ot 
nitrosyl,  NOCJl,  and  sulphate  of  nitrosyl,  H(NO)SO*.  In  nitrous  ether,  C»H*(NO;0,  the 
nitrosyl  may  also  be  regarded  as  occupying  the  place  of  the  basylous  hydrogen-atom  of 
alcohol,  CH*.H.O.  According  to  Weltzien,  nitric  oxide  is  sometimes  biequivalent  or 
capable  oi  displacing  two  atoms  of  hydrc^n,  a  view  which  is  in  accordance  with  the 
fact  that  it  forms  a  dichloride,  NOCl',  as  well  as  a  protochloride.    (See  NrrsosTi..) 

NrrBouB  AxHTDRina,  Acid,  and  Saxts. 

Vitrons  aaliydride  or  Trioxldo  of  nltrorea  -  N'O*.— Vltroiui  mold  » 
H'^O.N'O*  or  HNO^  Nitrous  anhydride  is  formed,  together  with  nitric  peroxide,  when 
nitric  oxide  comes  in  contact  with  oxygen  in  atmospheric  air.  It  may  be  obtained  pure 
by  mixing  2  vol.  nitric  oxide  with  1  vol.  of  oxygen  in  a  vessel  sorrounded  by  a  freezing 
mixture  capable  of  producing  an  intense  degree  of  cold.  A  blue  liquid  is  then  formed 
which  emits  red  fumes,  and  is  decomposed  by  water,  yielding  nitric  acid  and  nitric  oxide  : 

3N»0«  +   2H*0     -     2HN0»  +   4N0   f  H*0. 

The  same  liquid  is  more  easily  obtained  by  heating  1  pt  ot  starch  with  8  pts.  of  nitric 
acid  of  spetnflc  gravity  1-25,  and  passing  the  evolved  gases,  first  through  a  drying 
tube  two  feet  long  containing  fused  chloride  of  calcium,  and  then  into  an  empty  tube 
looled  to  -  20°  ¥.  ( —  93  6°  0.)  by  immersion  in  a  mixture  of  pounded  ice  and  czystal- 
iised  chloride  of  calcium. 

Nitrous  anhydride  (or  perhaps  the  add)  may  also  be  prepared  by  adding  a  small 
quantity  of  ice-cold  water  to  liquid  nitric  peroxide  surrounded  by  a  freezing  mixture. 
After  the  reaction  of  the  two  has  taken  place,  distillation  may  be  effected  at  a  low 
temperature,  and  the  product  condensed  in  a  U-tube  immen-Kl  in  salt  and  ice. 

At  0°  and  at  lower  temperatures,  nitrous  anhydride  combines  readily  with  water, 
forming  a  blue  solution ;  but  at  higher  temperatures  the  mixture  is  decomposed,  nitrie 
oxide  being  given  off,  and  nitric  add  remaining  in  tolution.    The  eane  decomposition 
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takes  place  when  nitrous  acid  is  set  free  by  the  action  of  solpharic  acid  on  &  nitrite. 
Ice-cold  acidified  solutions  of  nitrites  howerer,  that  of  potassium -nitrite  with  sulphuric 
acid,  for  instance,  seem  to  contain  nndecompoeed  nitrous  acid.  Nitrous  acid  (or 
perhaps  only  the  moist  anhydride)  is  likewise  obtained  by  the  action  of  nitric  acid  at  a 
gentle  heat  on  arsenious  anhydride : 

AsW  +  3H«0  +  2HN0»  -  2H"AsO*  +  2HN0»  (or  H*O.N«0»), 

Deep-brown  vapours  are  then  given  off,  which  when  passed  orer  chloride  of  calcinm, 
give  up  their  water  and  leare  nitrous  anhydride.  Similar  Tapours  are  given  off  when 
starch  is  treated  with  a  large  excess  of  nitric  acid,  of  specific  gravity  l*2d  ;  but  the 
process  is  attended  with  considerable  frothing,  and  occasionally,  when  a  stronger  acid 
IS  used,  with  explosion. 

Nitrons  acid  acts  very  readily  both  as  an  oxidising  and  as  a  reducing  agent.  Thus 
it  reducM  permanganic  and  chromic  adds  to  the  State  of  manganoos  and  chromic 
salts,  and  mercnrous  and  auric  salts  even  to  the  metallic  state.  On  the  other  hand,  it 
bleaches  indigo  by  oxidation,  liberate  iodine  from  iodide  of  potassium,  and  conveils 
ferrous  into  ferric  salts,  with  production  of  nitric  oxide. 

Nitrous  acid  decomposes  urea^  with  evolution  of  carbonic  anhydride  and  nitrogen 
gases: 

CH*NK>  +  2HN0«  -  CO*  +  N*   +  2H«0. 

"When  nibous  acid  or  the  anhydride  acts  upon  a  hydrate,  either  acid,  neutral  or  basy* 
lons,it  freqnentlygives  rise  totheformationofnitroso-compounds,in  which  an  atom 
of  hydrogen  is  displaced  by  an  atom  of  nitrosyl,  NO:  thus  with  alcohol,  C*H*.H.O,  it 
forms  nitrous  ether,  C*H*.NO.O.  Its  reactions  with  amidea  and  amines  are  particularly 
remarkable,  and  differ  according  as  the  amide  or  amine  is  present  in  aqueous  or  in 
alcoholic  solution : 

a.  An  aqueous  solution  of  an  amine  or  amide  treated  with  nitrous  acid  or  anhydride^ 
yields  the  corresponding  acid  or  alcohol,  with  evolution  of  nitn^n :  thus 

C'HK).H*.N  +  HNO«  -  C^H»O.H.O  +  H'O  +  N« 
Bensamtde.  Bensoic  acid. 

C*H».H«.N  +  HNO»  «    C^».H.O    +  H»0  +  N*. 

PhenyUmine.  Phenylic  alcohol. 

With  larger  proportion  of  nitrous  acid,  amines  yield  the  corresponding  nitrooa  ethers: 
thus 

C«H».H«.N  +  2HN0»  «  CH»N0*  +   2H=0  +  N». 

EthylunlDfl.  Nitrite  of  ifthyl. 

6.  When  nitrons  acid  or  anhydride  is  passed  into  an  aleohob'c  solution  of  an  amine 
or  amide,  a  different  or  intermediate  reaction  takes  place,  attended  with  the  formation 
of  compounds  in  which  1  at.  nitrogen  dieplaees  3  at.  hydn^en.  Thus  the  donble 
molecule  of  pheny lamine  reacta  with  nitrous  acid  or  anhydride  according  to  the  following 
equation : 

C'»H'*N«  +   HN0«  -  C«H»'N«  +  2H»0. 

In  like  manner,  a  double  molecule  of  oxybenzamic  acid,  C'H^NO',  treated  with 
nitrous  add,  yields  an  acid  having  the  composition  C'*H"N'0*: 

CMH'WO*  +  HN0»  «  C"H"NK)*  +  2H«0; 

and  similarly  for  other  cases.  (See  PEBKTLAiaifES,  Oxt-anisamic,  OxT-sionuiiic; 
OxT-cuMBKAMic  and  OxTTOLUTLAinc  Acids.) 

Trioxide  of  nitrogen  unites  with  the  tetrachlorides  of  tin  and  titanium,  forming  solid 
compounds  which  are  obtained  bv  passing  the  vapour  of  nitric  peroxide  into  those 
chlorides.  The  stannic  compound  has  the  composition  SnCl*.N'0*.  (R  Weber,  Pogj^ 
Ann.  cxviii.  471 ;  Jahresb.  1863,  p.  165.) 

Vitrltes.  The  normal  nitrites  have  the  composition  M'N0»  =  NO  i  *^  °'*  ^^NH)* 
"*  /voi«(^'»  according  as  the  metal  contained  in  them  is  mono-  or  d;-atomic    There 

M*>  "  l^'    ) 

are  also  nitrites  containing  M»NO»  «  jjq  1 0«  or  M'NW  «  ^j^qv,  j  0*,  in  which  the 

three  atoms  of  metal  denoted  by  the  symbol  M  may  consist  of  the  same  or  of  different 

metals,  including  hydrogen :  thus  there  are  basic  nitrites  of  lead  containing  I^'N'O^ 
and  FVENO*.  There  are  also  a  few  nitrites  containing  a  still  larger  pmportion 
of  base,  which  may  be  regarded  as  compoonds  of  tri-metallie  nitrites  with  oxidee  or 
hydrates. 

Nitritea  ue  pzodoced :  l*Byih$  reductton  qf  nitraUi, — ^When  nitrate  of  potaasiom 
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or  M»diain  is  fftrongly  heated,  oxjgen  is  ^ven  ofl^  and  a  mixture  of  iutnt«,  nitrite,  and 
frf-e  nlkiili  is  left ;  similarlj  vith  tbe  nitrates  of  barinm,  strontittin  and  others.  On 
disfiolTing  the  fiised  maaa  thns  obtained  in  water,  and  adding  nitrate  of  silver,  a  pre- 
cipitate of  the  sparinglj  soluble  nitrite  of  silver  is  obtained,  which  may  be  pureed  hj 
solution  in  water  and  cryatallisution ;  and  from  this  salt  the  other  nitrites  may  be 
formed  by  doable  decomposition  with  the  chlorides  of  the  several  metals.  Nitrate  of 
of  lead  boiled  with  metallic  lead,  yields  a  basic  nitrite  of  lead,  thus : 

2.  Btf  decomptmiion  of  nitric  peroxide  in  presence  of  an  aUkalinc  bate  : 

NK)*  +  HK)  «  HNO«  4    HNO». 

When  the  red  vapours,  chiefly  consisting  of  pernitric  oxide,  evolved  by  distilling 
fuming  nitric  acid,  are  passed  into  a  solution  of  caastic  potash  or  soda,  a  mixture^ 
nitrate  and  nitrite  is  obtained,  from  which  tbe  nitrous  acid  maybe  precipitated  in  the 
form  of  a  silver-salt,  as  above.  The  same  reaction  takes  place  when  the  vapotin 
evolved  on  heating  starch  or  arsenious  acid  with  dilute  nitric  acid  are  passed  into  solu* 
tion  of  caastic  alkali ;  in  this  case,  however,  the  vapours  contain  a  considerable  quantity 
of  nitrous  acid  or  anhydride,  so  tliat  a  larger  proportion  of  nitrite  is  obtained. 

3.  By  oxidation  of  the  lower  oxidee  of  nitrogen  in  vretence  of  bases, — Nitrite  of 
potassium  is  formed  when  oxygen  gas  is  gradually  added  to  nitric  oxide  standing  over 
caastic  potash  solution,  or  when  a  mixture  of  1  voL  oxygen  and  4  vol  nitric  oxide  is 
piisHed  through  the  same  liquid.  Nitrites  are  also  produced  by  passing  nitric  oxide 
over  metallic  oeroxides. 

4.  By  oxidation  of  Ammonia. — Platinum-black  quickly  converts  a  mixture  of 
ammonia  snd  atmospheric  air  into  nitrite  of  ammonium.  A  coil  of  heated  platinam* 
wire  introduced  into  a  flask  of  air  to  which  a  few  drops  of  strung  ammonia  have  been 
added,  also  produces  an  instantaneous  cloud  of  nitrite  of  ammonium.  Again,  when 
finely  divided  copper  'lA  shaken  ud  with  moist  ammoniacai  air,  both  the  copper  and  the 
ammonia  are  rapidly  oxidised  ana  nitrite  of  copper  is  formed.  Nitrites  are  frequently 
found  in  the  well-water  of  towns,  the  nitiuns  acid  being  probably  formed  in  thu  case 
also  by  oxidation  of  ammonia. 

Reactions  of  Nitrites. — Nitrites  are  colourless  or  slightly  yellow,  and  for  the  most 
part  crystallisable.  The  solutions  of  the  potassium-  and  sodium-salts  have  an  alkaline 
reaction  (H.  Rose).  Nitrites  melt  when  moderately  heated  and  solidify  unchanged 
on  cooling;  bat  when  strongly  heated  they  are  decomposed,  giving  off  nitrogen  and 
oxygen  ^ases.  They  detonate  sharply  when  heated  with  combustible  bodies.  The 
normal  nitrites  (HNO*)  are  all  soluble  in  water,  the  lead-  and  sflver-salts  however  are 
sparingly  soluble,  so  that  the  solutions  of  the  more  soluble  nitrites  give  precipitat<>s 
with  lead-  and  silver-nalts.  Heated  solutions  of  nitrites  exposfnl  to  tbe  air,  absorb 
oxygen  and  are  converted  into  nitrates.  When  boiled  for  a  long  time  in  a  flask  or 
retort,  they  are  decomposed,  yielding  a  nitrate,  nitric  oxide  and  free  alkali:  e.g., 

3KN0*  +   HH)     -     KNO»  +   2KH0  +  2N0- 

Nitrites  act  readily  both  as  reducing  and  as  oxidising  agents.  Acidulated  solu* 
tions  of  nitrites  decolorise  permanganate  of  potassium^  and  gradually  change  th« 
colour  of  acid  ckromaie  of  potassium  to  a  greenish-blue ;  they  also  reduce  tri* 
chloride  of  gold  and  mercurous  salts,  giving  with  the  former  a  brown  precipitate  of 
metallic  gold,  and  with  the  latter  a  grey  precipitate  of  metallio  mercury.  These 
reducing  actions  distinguish  nitrites  from  nitimtes. 

In  their  oxidising  action,  nitrites  resemble  nitrates,  excepting  that  thej  act  more 
readily,  and  in  many  cases  without  the  presence  of  a  free  acia  Thus  they  give  a 
dark-brown  colour  with  ferrous  salts  without  the  addition  of  acid,  whereas  nHratei 
exhibit  this  effect  only  when  the  nitric  acid  is  set  free  by  addition  of  sulphuric  acid. 
Acidulated  solutions  of  nitritai  produce  at  once  a  purple  colour  with  starch  and  iodide 
ofpotassium^  whereas  pure  nitrates  do  not  exhibit  this  effect  until  the  nitric  add  is  set 
free  and  partially  reduced  to  nitrous  acid  (p.  S5).  Nitrites  in  solution  are  further 
distinguished  from  nitrates  by  their  behaviour  with  certain  metallic  salts,  giving  white 
l^ecipitates  with  lead-  and  sUver-talts,  Mad  a  yellow  predpitate,  which  forms  slowly,  with 
eofH^U-salts  (i  1046).  With  aqueoas  sulphate  ofcopper^  they  produce  nitrite  of  copper 
which  forms  a  very  characteristic  apple-green  solution. 

Estimation  of  Nitrous  acid. — Nitrous  acid  is  most  correctly  determined  by  oxidatJOB 
with  peroxide  of  lead,  whereby  nitrate  and  hydrate  of  lead  are  produced,  ■^"^'■Tg  to 
the  equation : 

2PbO»  +  2HN0«   -   FbNH)*  +  PbHH)". 
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A  known  quantity  of  the  dried  peroxide  ia  added  to  a  dilute  solution  (1  grm.  salt  m 
100  c  c.  water)  of  the  nitrite  to  be  analysed,  and  the  eolation  mixed  with  acetic  arid 
diluted  with  10  or  12  times  its  bulk  of  water  is  warmed  for  12  hoars  to  30^  or  40^. 
The  wei^t  of  the  washed  and  dried  residue  gives  the  quantity  of  peroxide  diaaolTed, 
whence  the  quantity  of  nitrous  acid  may  be  calculated,  1  at.  peroxide  corresponding  to 
1  at  nitrous  acid.     (Piligot    Lang.  Jahreab.  1862,  p.  £81.) 

Nitrous  acid  may  be  determined  volametrically  by  means  of  a  standard  solution  of 
nitrate  of  urea,  each  molecule  of  that  salt,  CH'N'O.HNO*.  decomposing  2  molecules  of 
nitrous  acid,  according  to  the  equation  given  on  page  70.  The  solution  of  nitrate  of 
urea  is  heated  nearly  to  boiling,  and  tne  liquid  containii^  the  nitrous  acid  or  tiie 
acidulated  solution  of  a  nitrite  is  added  drop  by  drop,  till  the  solution  produces  a  blue 
colour  with  starch-paste  mixed  with  iodide  of  potassmm. 

Nitrites  may  also  be  analysed  by  several  of  the  methods  to  be  hereafter  described 
for  the  analysis  of  nitrates,  viz.  by  igniting  the  salt  with  oxide  of  copper  or  chiomate 
of  lead  in  a  tube  the  fore  part  of  which  is  filled  with  metallic  copper,  or  by  the  volu- 
metric method  with  ferrous  chloride,  the  decomposition  taking  place  as  represented  by 
the  equation : 

2Fea»  +  2HN0*  +  2HC1   «   Fe'Cl*  +  N»0«  +  2HH). 

Or  the  acid  may  be  determined  by  loss,  either  by  simple  ignition  of  the  salt,  or  by 
decomposing  it  with  sulphuric  acid^  sal-ammoniac,  borax,  or  silica,  &c 

The  amount  of  water  in  nitrites  is  best  determined  by  combustion  with  chromate  o> 
lead  or  oxide  of  copper,  and  absorption  of  the  water  by  chloride  of  calcium. 

Metallic  Nitrites. 

Nitrite  of  Ammonium.  (NH*)N0'.H'0. — Obtained  by  double  decompositioo 
of  nitrite  of  lead  and  sulphate  of  ammonium,  or  of  nitrite  of  silver  with  chloride  ot 
ammonium ;  also  by  passing  nitrons  rapours  into  aqueous  ammonia  and  evaporatiiig 
over  lime.  It  forms  an  imperfectly  crystallised  mass  which  is  resolved  by  heat  into 
nitrogen  and  water.  Its  aqueous  solution  is  similarly  decomposed,  suddenly  if  a<dd, 
slowly  if  alkaline. 

Nitrite  op  Babium.  Ba'^N^O^.H^O. — Obtained  by  igniting  nitrate  of  barium  at 
a  moderate  heat,  precipitating  the  free  baryta  from  the  solution  of  the  residue  by  car- 
buuic  acid,  mixing  the  filtrate  with  alcohol  to  precipitate  the  remaining  nitrate,  and 
evaporating  to  the  ciystallising  point  (Fischer).  Or  by  passing  nitrous  vapours  into 
baryta-water,  evaporating  to  dryness,  digesting  the  residue  m  asmuUquantity  of  water, 
which  will  dissolve  the  nitrite  of  barium  and  leave  the  undecomposed  nitj^te,  and 
evaporating.  It  is  permanent  in  the  air,  easily  soluble  in  water  and  in  alcohol,  and 
crystallises  according  to  Fischer,  either  in  needle-shaped  hexagonal  prisms,  or  in  thick 
rhombic  prisms  of  71  J**. 

N  iTitiTE  OF  Cadmium,  Cd"N*0*.H'0,  is  a  sparingly  soluble  laminar  mass  which 
decomposes  at  100°  (Lang,  J.  pr.  Chem.  Ixxxvi.  295;  Jdhresb.  1862,  p.  99). — 
Acccpfing  to  Hampe  (Ann.  Ch.  Pharm.  cixv.  334;  Jahresb.  1863,  p.  160),  the  S4)lu- 
ticm  evapomted  in  a  vacuum  leaves  a  viscid,  deliquescent  mass  which  when  treated 
with  water  yields  the  basic  salt  2Cd"0.N«0»  or  Cd"0.Cd"N^0*. 

NiTBiTE  OF  Calcipm.  Ca"N'0*.H*0. — Prepared  by  decomposing  a  boiling  solu- 
tion of  the  silver-^all  with  lime-water,  treating  the  filtrate  with  sulphydric  acid,  and  then 
with  carbonic  acid  to  remove  excess  of  silver  and  calcium,  and  evaporating  at  a  gentle 
heat.    It  forms  deliquescent  prismatic  crystals  insoluble  in  absolute  alcohol. 

NiTRiTK  OF  Cobalt. — Blnck-brown  or  red-brown  crystals  which  dissolve  io 
water,  and  yield  a  brown  precipitate  with  potash ;  hence  they  contain  cobaltic  oxide 
(Lang).  The  solution  is  decomposed  by  evaporation,  with  separation  of  a  basic 
salt.     (Hampe.) 

Nitrite  or  Cobalt  ANi>  Potassium,    (Co«)**K"N"'0"  =  Co»0".3K'0.6N*O»» 

mm"  t*^"'  Cobalt-yellow, — The  yellow  precipitate  formed  on  adding  nitrite  of 
potassium  to  an  acid  solution  of  a  cobalt-salt.  It  is  of  a  very  fine  colour  and  is  uf^ed 
as  a  pigment.  Its  formation  serves  also  as  a  means  of  sepamting  cobalt  from  nickel 
and  many  other  metals.  For  the  details  of  its  preparation,  and  the  several  views  of 
its  composition,  see  Oobalt-tsllow  (i.  1058). 

Nitbitb  of  Co PPEa— Obtained  as  an  apple-green  solution  by  decomposing 
aitiite  of  lead  with  sulphate  of  copper.    It  oxidises  in  the  air  especially  if  heatMl  aod 
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is  coiiTerted  into  nitrate.  According  to  Hampe,  the  solation  yields  hy  eraporaUon 
bluu  bhiuiug  lamioffi  containing  2Cu''0.N*0'. 

N1TBITB8  OF  Lbad.  a.  Monopiumbic  or  NottmI,  Pblf'O*  -  Pb''O.N*0«.— 
Obtained  by  passing  carbonic  acid  gas  through  a  hot  solution  of  the  tetraplumbic  salt, 
till  three-fourths  of  the  lead  is  precipitated  as  carbonate.  The  resulting  yellow  solu* 
tion  evaporated  in  the  air  or  in  a  Tacuum,  deposits  the  normal  salt  in  long  yellow  prisms 
(Peligot),  or  yellow  laminae  (Cbevreul),  containing  1  at.  water  according  to 
KickUa  (Compt  rend,  zxrii.  244X  2  at.  according  to  Gomis  {ibid,  xxxiv.  187)-  It 
is  eiislly  decomposible  and  very  soluble  in  water. 

$.  JHplumbic  or  Plumbo-hydrio  Nitrite.  2Pb''0.NK)«.HH)  =  Pb''HNO'.— Formed  in 
small  quantity  according  to  Bromeis  (Ann.  Ch.  Pharm.  Izxii.  dU),  when  the  yellow 
diplumbic  nitroso-nitrate  (t^.  inf.)  is  boiled  for  some  time  with  metallic  lead.  It  \b 
then  deposited  in  long  golden-yellow  needles. 

y.  T^ijdumbie,  SPb'O.N'O*  =  PT)"N*0«.— Deposited  when  the  orange-red  nitroso- 
nitrate  is  boiled  for  some  hours  with  lead,  in  needle-shaped  crystals,  muntly  uniti^ 
in  concentric  groups,  having  sometimes  a  fiery-red,  someiimos  a  {^reen  colour,  but 
always  the  same  composition  (Bromeis,  loc.  cit.).  Feligot  doubts  the  existence  of 
this  salt. 

7\!traplumbio.  4Pb''0.N»0".H«0  (Berselius).  Pb'HNO«.Pb"0.— Obtained  by 
boiling  a  mixture  of  1  pt  nitrate  of  lead  and  1^  pt.  or  more  lead  with  dO  pts.  water 
in  a  long-necked  flask  for  about  12  hours.  It  crystallises  according  to  Cherreul  in 
stellate  groups  of  pale  flesh-red  silky  needles ;  the  solution,  if  quickly  cooled,  depcmits 
it  in  the  form  of  a  white  powder.  It  gives  off  its  water  at  100°  (PMigot),  together 
with  a  small  portion  of  acid  (Chevreul);  at  a  red  heat  it  gives  off  the  whole  of  its 
acid  without  fusion  (Berxelins).  Has  a  strong  alkaline  reaction,  and  dissolves, 
according  to  PMigot,  in  34-5  pts.  boiling  and  1250  pts.  cold  water. 

Nitroso-nitraiea  of  Lead, — By  heating  nitrate  of  lead  with  metallic  lead  in 
certain  proportions,  salts  are  obtained  which  are  sometimes  regarded  as  compounds  of 
lead-oxide  with  nitric  peroxide ;  bat  they  are  more  probably  double  salts  composed  of 
nitratoB  and  nitrates  of  lead. 

a.  2Pb"0.N»0*.H»0  or  Pb"HNO".Pb"HNO*.— A  solution  of  normal  nitrate  of  lead 
in  15  to  20  pts.  crater  heated  to  60** — 70°  for  several  hours  with  63  pts.  veiy  finely 
divided  lead,  deposits  this  salt  on  cooling  in  straw-yellow  shining  needles  and  lamina 
having  an  alkaline  reaction,  soluble  in  85  pts.  of  cold  and  10-6  pts.  of  boiling  water 
(Bromeis).  By  piolonged  boiling  with  metallic  lead,  it  is  converted  into  diplumbic 
nitrate.    (Piligot,  Bromeis.) 

A.  7Pb"0.2NOV3H'0  or  I%«N»0«.A"N'0«  AH«0*.2HK).  —  Obtained  by  boiling 
the  preceding  salt  with  lead,  or  a  dilute  solution  of  neutral  nitrate  of  lead  with  1^  at. 
metallic  iron.  Forms  hard,  orange-red  crystals  soluble  in  1250  pts.  of  cold  and 
84  pts.  of  boiling  water.  When  boiled  for  some  hours  with  lead,  it  is  converted  into 
triplumbic  nitrite  (y)  (Peligot,  Bromeis).  Both  these  salts  (a,  b)  are  decomposed 
by  baryta-water,  yielding  nitrate  and  nitrite  of  barium.     (Peligot.) 

c.  Bromeis,  in  endeavouring  to  prepare  this  salt,  once  obtained  an  orange-red  but  more 
shining  salt,  containing,  according  to  his  aniilysis,  3PbO.N*0*  +  4PbO.N'0*  +  3H*0. 

d.  The  same  chemist,  by  boiling  a  solution  of  nitrate  of  lead  for  several  days  with 
a  large  excess  of  metallic  lead,  obtained  light  brick-red  rhombic  cryst^ils,  to  which  be 
assigned  the  formula  4PbO.N^O»  +  3PbO.N-0*  +  3H»0.  For  further  details  on  the 
nitrites  and  nitroso-nitrates  of  load,  see  Gtnelin's  Handbook,  v.  152. 

NiTBiTB  OF  Maqnbsiuh,  Mg"N'0*.3H*0  (Lang);  with  2H=0  (Hampe).— 
Laminar  deliquescent  mass,  insoluble  in  alcohol,  easily  decomposed  by  heat ;  obtained 
by  boiling  a  solution  of  the  silver-salt  with  magnesia,  removing  the  excess  of  silver  by 
Bulphydric  acid,  and  evaporating. 

NiTBiTB  or  Makoaxrse.— Deliquescent  saline  mass. 

Mebcubic  Nitrite,  Hg*N*0*.H^O,  separates  on  evaporating  a  mixture  of  mer- 
curic chloride  and  nitrite  of  bilver.    (Lang.) 

NiTBiTB  OF  Nickel,  Ni'?J'0\  forms  reddish -yellow  crystals  which  are  perma- 
nent in  the  air,  and  in  the  diy  state  may  be  heated  to  100*^  without  decomposition, 
but  in  water  only  to  80°  (Lang).  According  to  Hampe,  the  solution  decomposes  even 
at  common  toraperatures,  giving  off  nitric  oxide  and  leaving  a  green  basic  salt, 
Ni''0.Ni"N'0'. 

NiTEiTB  or  Potassium.  KNO*. — Produced,  as  already  descrilted  (p.  70),  by 
heating  the  nitrate  to  redness,  or  by  passing  nitrous  vapours  into  a  fiohition  of  caustic 
potash.  When  the  mixture  of  nitrate  and  nitrite  thus  obtained  is  dibsolved  in  wat4>r, 
and  the  solution  concentrated,  nitrate  of  potassium  crystallises  out  fimt,  and  afterwards 
the  nitrite,  but  Tory  impure.    To  obtain  a  pure  salt,  Fischer  mixes  the  solution,  aftur 
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the  nitrate  hascryRtalHsed  oat,  with  dQute  acetic  add  and  twice  its  Tolnme  of  alcohol ; 
more  nitrate  then  crystallisea  out,  and  the  liquid  separates  into  two  lajera,  the  upper 
consisting  of  an  alcoholic  solution  of  acetate  of  potassium,  the  lownr  of  a  solntion  of 
the  nitrite^  This  solntion  evaporated  over  oil  of  ritriol  yields  the  nitrite  in  indisdnct 
eiTstals.  Kitrite  of  potassiom  may  also  be  obtained  pnn,  bj  decomposine  nitrite  of 
silver  with  an  equivalent  quantity  of  chloride  of  potassinm,  or  nitrite  of  lead  with 
carbonate  of  potassium.  Or  the  following  process  may  be  adopted:  I  pt  of  nitrate  of 
potassium  is  fused  in  an  iron  crucible,  and  2  pts.  of  lead  are  added,  with  constant 
stirring.  The  lead  oxidises  even  at  a  duU  red  heat ;  the  temperature  is  then  raised  to 
complete  the  oxidation;  the  cooled  mass  is  exhaust^  witn  water;  the  solution  is 
treated  with  sulphide  of  ammonium  to  remove  a  small  qiiantity  of  lead,  then  evaporated ; 
and  the  residue  is  heated  to  fosion,  to  decompose  any  hvposulphite  of  potaasinm  that 
may  have  been  formed  (A.  Stromejer,  Ann.  Ch.  Pharm.  xcvi.  330).  Ifitrite  of 
potassium  is  also  formed  by  the  action  of  ammonia  in  excess  on  permanganate  of 
potassium.     (Cloez  and  G^uignet.) 

Pure  nitrite  of  potassium  is  a  white  cirstalline,  deli(|ue8cent,  saline  mass,  neatnl  to 
vegetable  colours,  according  to  Fischer,  alkaline  accordmg  to  H.  Rose.  When  treated 
with  any  of  the  stronger  acids,  it  gives  off  nitric  oxide  gas,  the  nite)us  acid  eliminated 
at  the  first  instant  being  immediately  resolved  into  that  compound  and  nitric  acid: 
3HN0*  -  HNO«  +  H^'O  +  2N0. 

Double  salts  of  Potastium-nitrite.— The  barwm'$aU,  E*Ba*N^O*.HH>,  fonna 
long  slender  needles,  permanent  in  the  air,  easily  soluble  in  water,  insoluble  in  alcohol. 
Similar  double  salts  are  formed  with  the  nitrites  of  strontium,  ca/cium,  and  loia^amcfn, 
the  first  being  permanent  in  the  air,  the  other  two  deliquescent  (Lang). — CWmsum- 
salts. — A  mixture  of  cadmium-acetate  with  excess  of  potassium-nitrite  deposits  ftrvt 
the  salt  K'Cd'^*0",  in  oblique,  one-sided,  shining,  yellow  prisms;  afterwards  the 
salt  E*Cd''N*0",  in  yellow,  less  lustrous  tabular  crystals  (Lang).  Hampe  obtained 
this  last  salt  by  recrystallisation,  in  colourless  cubes ;  the  mother-liquor  contained  an- 
other salt  which  crystallised  in  prisms,  probably  K'Cd''N*0".  —  The  eoppersalt, 

K'Cu'N'*O^.H'0,  forms  thin  prisms,  black  by  reflected,  dark  green  by  transmitted 
light,  permanent  in  the  air,  easily  soluble  in  water,  less  in  alcohol.  The  solution 
decomposes  easily,  depositing  dicupric  nitrite  (Hampe). — Lead-salts.  —  The  salt 
K'Pb^N^O'.HH)  crystallises  in  brown-vellow  rhombic  prisms.  A  solution  of  nitrite 
of  lead  mixed  with  a  large  excess  of  nitrite  of  potassium  yields  lung  slender  prisms 
less  soluble  than  the  preceding,  and  probably  consisting  of  a  compound  of  the  two 
double  salU  K'Pb"N*0»  and  K*Pb'T^"0»  (Lang).— The  mmmry-salt,  K^U^^H'O*, 
forms  straw-yellow  prisms  (Lang).— The  nickel-salt,  K*Ni"N*0'\  forms  brown  octahe- 
dral crystals  which  dissolve  with  green  colour  in  water,  are  insoluble  in  alcohol,  but 
are  decomposed  by  boiling  therewith.  A  triple  salt  containing  potassium,  barium,  and 
nickel,  viz.  K*Ba"Ni"N'0",  is  obtained  by  mixing  acetate  of  nickel  with  potaaeio- 
barytic  nitrite,  or  acetate  of  barium  with  niccolo-potassic  nitrite,  in  brown-yellow 
microscopic  tablets,  sparingly  soluble  in  cold  water  (Lang,  Hampe). — ThepaUadtum' 
salt  sepamtes  from  concentrated  solutions  as  a  white  powder;  from  more  dilute  Bola- 
tious  in  yellow  crystals,  very  soluble  in  water.  It  is  decomposed  by  heat,  leaving 
a  residue  of  palladium  and  nitrite  of  potassium  (Fischer).  —  The  sUtfer-aa/t, 
2KAgNH)*.H*0,  forms  yellow  rhombic  prisms  or  tablets,  permanent  in  the  air,  soluble 
without  decomposition  in  a  snmll  quantity  of  water,  decomposed  by  a  larger  quantity 
(Lang,  Hampe}.— The  nnc-salt,  K«Zn"N*0».H*0,  crystallises  in  short,  yellow, 
deliquescent,  easily  decomposible  prisms.     (Lang.) 

N  iTBiTE  OF  StLvvR.  AgNO*. — Obtained  by  double  decomposition  of  an  alkaline 
nitrite  and  nitrate  of  silver.  Separates  from  cold  solutions  as  a  white  powder  com- 
posed of  capillary  crystals  ;  from  not  solutions  in  larger  crystals.  In  small  quantities 
It  appears  white,  in  lai^er  quantities  yellow.  Diasolves  in  300  pts,  water  at  ordinary 
temperatures,  easily  in  boiling  water. 

NiTHiTK  OF  SoDiru.  NaNO". — ^Prepared  like  the  potassium-salt.  Nitrate  of 
sodium  is  more  easily  decomposed  by  heat  than  nitrate  of  potassium,  and  yields  a 
laiger  proportion  of  free  alkali.  In  purifying  the  nitrite  by  Fischer's  method  with  acetu: 
acid  and  alcohol  (vid.  sup.),  the  alcoholic  solntion  does  not  separate  into  two  layers^ 
and  the  aqueous  alcohol  holds  in  solution  acetate  and  nitrate  of  potassium,  as  well  a« 
nitrite.  It  must  therefore  be  evaporatf^l  to  diynessand  the  residue  exposed  to  the  air. 
The  deliquescent  nitrite  of  sodium  may  then  be  decanted,  and  will  yield  the  crystalline 
salt  by  evaporation  over  oil  of  vitrioL 

The  properties  of  nitrite  of  sodium  are  for  the  most  part  the  same  as  those  of  the 
potassinm-salt ;  it  is  distinguished  however  by  its  greater  solability  in  alcohol 

NiTBiTX  OF  Stbonticm.  St'T^I^ Prepared  like  the  barium-salt,  but  tha 
solution  requites  to  be  more  strongly  concentrated  to  separate  the  remaining  nitrate. 
CiystaliiMi  in  ileudct  needlca  whi^  ilowVf  deVvvueBce  vu  dam^  ait. 
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NiTBiTB  OF  Z I  If  a— White  Ummar  masa,  consisting  of  Zn'*N«0*.3H*0  (LangX 
V  Zn-'O.Zn-N*©*  (Hampe). 

Alcoholic  NiiriteB.    Kitrou$  Ethen, 

KiTsiTB  or  Amtu     CH"K0'  h  »qi,|0.— Prepared  hy  passing  nitrons  ra- 

pours  into  amjlic  alcohol  contained  in  a  heated  retort,  rectifying  the  distillatf,  and 
collecting  apart  the  portion  which  goes  over  at  96^.  It  is  a  light-yellowish  liquid 
becoming  d^ker  while  hot.  smelling  like  etbylie  nitrite,  having  a  specific  gravity  of 
0-877 ;  boiling  at  96°  (Balard),  at91<^(Bieckher).  Its  Ti^nr  has  a  reddiah-yeUow 
colour,  and  produces  h^d-ache  when  inhaled. 

Itisquickly  decomposed  by  alcoholic  potash,  yielding  nitrite  of  potassium  and  probably 
ethyl-amylic  ether ;  aqueous  potash  acts  but  slowly  on  it  When  dropt  upon  melting 
potash,  it  takes  Are  at  the  first  instant,  and  forms  Talents  of  potassium.  When  hpatea 
with  water  in  which  peroxide  of  lead  is  suspended,  it  Tields,  according  to  Riekher, 
amylic  alcohol,  nitrate  of  lead  and  nitride  of  lead.  (Balard,  Ann.  Ch.  Phys.  [3]  xii. 
818;  Bieckher,  Jahreab.  1847-8,  p.  699.) 

KiTRiTB  OP  Ethtu  mtroui  Ether,  CH'NO*;  formerly  called  Nitne  Ether, 
Salpeter^diher^  Salpeter'naphtha,  Ether  nitriqtte, — This  ether  was  first  obserred  by 
Rumkel  in  16R1 ;  but  its  composition  was  uvt  exactly  determined  by  Dumas  ana 
Boullay  (Ann.  Ch.  Phys.  [2]  xxxriL  15).  It  is  produced  by  the  action  of  nitric  or 
nitrous  acid  upon  alcohol,  llie  action  of  the  former  acid  is  rery  violent,  part  of  the 
alcohol  being  oxidised  and  the  nitric  acid  reduced  to  nitrous  acid,  which  then  forms 
nitrons  ether  with  the  remaining  alcohol. 

Preparation. — 1.  A  mixture  of  alcohol  and  nitric  acid  (equal  parts  of  alcohol  of 
35°  Bm.  and  nitric  add  of  32°,  according  to  Th^nard)  is  distilled  in  a  retort  connected 
with  a  series  of  Woulffe's  bottle  half-filled  with  salt-water,  heat  beine  applied  to  set  the 
action  going,  and  the  fire  afterwards  removed.  Nitrons  ether  then  collects  on  the  surface 
of  the  brine  in  the  form  of  a  light  liquid  which  is  to  be  rectified,  and  then  fiet  aside  in 
contact  with  quicklime.  Beizelius  recommends,  as  originally  proposed  by  Black,  to 
place  6  pts.  of  fuming  nitric  acid,  4  pts.  water,  and  9  ptB.  alcohol,  one  above  the  other 
in  a  glass  cylinder,  leave  the  whole  to  itself  for  two  or  three  days,  so  that  tlie  alcohol 
and  acid  may  mix  slowly  by  diffusion,  and  purify  the  upper  layer  by  distillntion. 

2.  As  the  direct  action  of  nitric  acid  upon  alcohol  ir  necessarily  attended  with  a 
considerable  loss  of  alcohol  by  oxidation,  it  is  more  advantageous  to  reduce  the  nitric 
to  nitrous  acid  by  means  of  starch,  sugar,  &c.  Liebig  (Ann.  Ch.  Pbarm.  xxx.  142) 
passes  the  nitrous  vapours  evolved  from  nitric  acid  and  starch  through  cooled  dilute 
alcohol,  and  condenses  the  evolved  vapours  in  a  cooled  receiver.  Or  equal  volumes  of 
alcohol  and  nitric  acid  may  be  distilled  with  &tarch  or  sugar  (J.  Grant,  Pharm.  J, 
Trans.  X.  2>4) ;  or  with  copper  turnings.     ^E.  Kopp,  J.  Pharm.  [3]  xi.  320.) 

Nitrite  df  ethyl  is  a  yellowish  liquid  having  an  odour  of  apples,  miscible  in  all  pro- 
portions with  alcohol,  but  sparingly  soluble  in  water  (1  pt  m  48).  It  boils  at  18**, 
It  decomposes  by  keeping,  especially  in  presence  of  water,  giving  off  nitric  oxide,  and 
often  bursting  the  containing  vessel.  It  is  reduced  by  sulphydric  acid  or  sulphide  of 
ammonium  in  the  manner  represented  by  the  equation : 

C«H»NO»  +   8H»S     -     C^-0   +   NH«  +  H«0  +  8". 
Nltrout  ether.  Alcohol. 

A  solution  of  ethylic  nitrite  in  alcohol  oonstitutes  the  nitric  ether  of  the  pharmaco* 
poBias,  also  called  Sweet  8pirit$  of  Nitre,  Spiriius  nitrico-athereua  or  8pirttu»  nitri 
dulcis. 

For  details  on  the  preparation  and  properties  of  nitrous  ether,  see  Gmelin*8  Handbook, 
TiiL  468. 

NiTBiTB  or  Mbtbtx..  CH*N0*. — Produced  by  treating  wood-spirit  with  nitric 
acid  and  copper  turnings  or  ai^enions  acid.  The  less  volatile  products  are  condensed 
in  a  receiver  cooled  to  0°,  and  the  gaseous  methylic  nitrite,  after  purification  by  passing 
through  potash-ley,  solution  of  ferrous  sulphate,  and  dzy  chloride  of  calcium,  is  con- 
densed in  a  tube  cooled  to  between  —  30  and  —  40^.  As  thus  obtained  it  is  a  liquid 
of  specific  gravity  0991,  which  boils  at  ~  12°,  giving  off  a  gas  which  smells  like  ethylic 
nitrite  and  burns  with  a  green-edgod  fiame.  It  is  also  found  among  the  gaseous 
products  evolved  on  treating  brucine  with  nitric  add.  (Strecker,  Compt  rend, 
xxxix.  53.) 

NiTBic  Pkroxids  or  Tetroxidb  of  Kithogek.     no*  or  NK)*. 

Synonymei :  PemUric  oxide.  Peroxide  of  Nitrogen,  Nitroao-nitrie  anhydride,  Bypo~ 
nitri0  acid.     In  combination:  NUryl, — ^Thlsis  vxe  principal oonstitoent  of  theorang* 
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fumes  produced  on  mixing  nitric  oxide  with  oxygen  or  air.  When  nitric  oxide  i»  miz^ 
vitb  excess  of  oxygen,  2  rol.  of  tlie  former  mmbine  with  1  voL  of  the  latter  to  form 
2  Tols.  of  nitric  peroxide. 

Preparation. — 1.  When  a  mixtnre  of  2  voU.  nitric  oxide  and  1  vol  oxygen,  inoorpo- 
nited  by  passing  throitgh  a  tnbe  filled  with  broken  porcelain  and  thoroughly  dried  by 
transmission  over  pumice  soaked  in  oil  of  Titriol,  and  then  over  recently  fused  stick- 
potash,  is  subjected  to  the  action  of  a  ^enng  mixture  of  salt  and  ice,  pemitric  oxide 
condenses  in  transparent  crystals,  or  if  the  nli^htest  trace  of  moisture  ia  present,  into  an 
almost  colourless  liquid. — 2.  Thoroughly  dned  nitrate  of  lead  heated  in  a  retort,  givefl 
off  a  mixture  of  pivnitric  oxide  and  oxygen  gases,  the  former  of  which  may  be  con- 
densed aa  above,  while  the  latter  passes  on : 

Pb"N'0*     -      Pb'O  +  0   +  N«0*. 

The  first  portions  of  nitric  peroxide  thus  obtained  do  not  solidify,  doubtless  owing  to 
the  presence  of  a  trace  of  moisture,  but  if  the  reeeiTer  be  changed  in  the  midat  of  the 
operation,  and  if  eveiy  care  has  been  taken  to  avoid  moisture,  the  later  portions  may 
be  obtained  in  the  crystalline  form. 

Propertita. — Nitric  peroxide  at  very  low  temperatures  forms  transparent,  colourless, 
prismatic  crystals  which  melt  at  —9°;  but  when  once  melted  do  not  resolidify  till 
cooled  down  to  —  30°.  Above  -9°  it  forms  a  mobile  liquid  of  spedflc  gravity  1*451, 
the  appearance  of  which  varies  greatly  according  to  the  temperature.  When  stiU 
liquid  below  —8°,  it  is  almost  colourless;  at  —9°  it  has  a  perceptible  grornish-yellow 
tint ;  at  0°  the  colour  is  somewhat  more  miu-ked ;  at  10°  it  is  decidedly  yellow ;  and  at 
16°  and  upwards,  orange-yellow,  the  depth  of  colour  increasing  progressively  with  the 
temperature  up  to  22°  the  boiling  point  of  the  liquid.  The  vapour  has  a  brown-red 
colour,  the  depth  of  which  also  increases  with  the  temperature,  until  at  40°  it  u  so 
dark  aa  to  be  almost  opaque.  This  remarkable  change  of  colour  is  accompanied  by  a 
great  diminution  of  density  as  the  temperature  riaea,  both  phenomena  pointing  to  a 
molecular  change  produced  in  the  vapour  by  heat.  Playfair  and  Wanklyn  (Chem. 
Soc.  J.  XV.  156)  have  determined  the  density  of  the  vapour  by  Dumaa'  method,  using 
nitrogen  as  a  diluent,  and  find  that  the  densitiea  at  different  temperatures  are  as  fioUows: 


Temperature. 

Vapour-deniitv. 

976° 

.     1783 

24-6 

.     2-620 

U-3 

.    2*645 

4-2    ,.   . 

.     2-588 

Kow  the  density  required  by  the  formula  NO*  for  a  two-volume  condensation  is 

'*'     •        X  0*0693  -  1-5893 ;  that  required  by  K*0*  for  the  same  condensation  is 
2 

the  double  of  this,  viz.  3-1786;  and  the  vapour-densitieB  found  by  experiment  are  all 
intermediate  between  these  two  numbers,  that  found  at  97'6°  not  differing  very  much 
from  the  lower  calculated  number,  while  those  found  at  the  lower  temperatures  approach 
more  nearly  to  that  required  by  the  formula  K^O*.  Hence  it  is  probable  that  nitric  per- 
oxide exists  in  two  modifications,  NO'  and  N'O*,  which  pass  readily  one  into  the  other 
with  change  of  temperature ;  that  at  temperatures  near  100°,  the  gas  consists  chiefly  of 
NO',  at  ordinary  temperatures  of  N'O*,  and  at  intermediate  temperatures  of  mixtures 
of  the  two  in  various  proportions.  Liquid  peruitric  oxide  gives  off  at  ordinary  tem- 
peratures an  abundance  of  reddish  vapours  which  when  mixed  with  air  are  extremely 
difficult  to  condense.  These  vapours  have  a  pungent,  suffocating  odour  and  acid  taste, 
are  quite  irrespirable,  and  stain  the  skin  of  a  bright  yellow.  Concerning  the  dark  bands 
in  the  spectrum  of  lamp-light  passing  through  the  vapour  of  nitric  peroxide,  see 
laoHT  (ill  621). 

Deeompontions, — Nitric  peroxide  is  decomposed  by  water^  with  production  of  nitzio 
and  nitrous  acids,  whence  it  may  be  regarded  as  nitroso-nitric  anhydride: 
NK)^  +  HK)     -     HNO«  +  HNO». 

This  simple  reaction  however  takes  place  only  at  ver^  low  temperatures ;  when  a 
small  quantity  of  ice-cold  water  is  added  to  pernitric  oxide  cooled  by  ice  and  salt^  two 
Uycra  of  liquid  are  formed,  the  upper  and  least  coloured  of  which  consists  chiefly  of 
aqueous  nitric  oxide,  the  lower  and  darker  of  nitroua  acid  or  anhydride,  which  may  be 
dihtilled  off  at  a  low  temperature,  as  already  described  (p.  74).  Pomitric  oxide  acts 
in  a  similar  manner  upon  caustic  alkalis  when  nut  too  dilute,  forming  a  nitrate  and 
nitrite  of  the  alkali-metaL  But  when  nitric  peroxide  is  added  to  excess  of  water  at 
ordinary  temperatures  it  is  decomposed  into  nitric  acid  and  the  products  of  decompo- 
sition of  nitrous  acid,  namely,  nitric  acid,  water,  and  nitric  oxide  gas.  As  the  quantity 
of  nitric  peroxide  added  to  the  water  increases,  the  erolution  of  nitric  oxide  becomes 
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low  and  less  obvioas,  ontil,  when  a  considerable  quantity  of  n  itric  acid  hae  been  fonned, 
it  disappears  altogether.  During  this  saturation  of  the  water  with  nitric  acid,  it 
b«comefl  successively  blue,  green,  and  orange-coloured,  these  colours  depending  upon  the 
solution  of  unaltered  nitric  peroxide  in  the  aqueous  nitric  acid,  which,  according  to  its 
concentration,  is  capable  of  dissolving  an  increasing  quantity,  and  of  decomposing  a  de- 
creasing quantity  of  that  compound.  The  similarly  coloured  liquids  produced  by 
treating  aqueous  nitric  acid  with  nitnc  oxide  gas  arc  thought  to  owe  their  colour  to  the 
presence  of  pemitric  formed  by  deoxidation  of  a  portion  of  the  nitric  acid : 

NO   +   2HN0"     -     H'O   +     3N0». 

Kitric  peroxide  is  not  deoomposed  at  a  dull  red  heat  Mixed  nitric  peroxide  and 
oxygen  fftuet  passed  over  spongy  pUtinum,  react  upon  each  other,  with  production  of 
water  and  ammonia,  the  platinum  at  the  same  time  becoming  red-hot.  Nitric  per- 
oxide is  also  absorbed  by  aqueous  tulphydrie  acid,  with  formation  of  ammonia  ant? 
deposition  of  sulphur.  Ordinary  combustibles  are  extinguished  by  nitric  peroxide 
▼apour ;  but  charcoal  and  pkotpMoruM,  when  strongly  ignit^  bum  in  it  with  consider- 
able brilliancy,  liberating  the  nitrc^n.  Il  is  also  decomposed,  with  liberation  of  nitro- 
gen, by  iron  and  other  metals  at  a  red  heat  Potassium  introduced  into  the  rapour  at 
ordinanr  temperatures  inflames  spontaneously  and  burns  with  a  red  flame. 

Combinations. — Nitric  peroxide  usuailv  reacts  with  basylous  metallic  oxides,  as  before 
observed,  to  form  nitrates  and  nitrites ;  but  it  has  been  supposed  also  to  unite  directlr 
with  some  oxides  to  form  definite  salts:  hence  it  has  been  called  hyponitric  acicL 
Thus  the  nitroso-nit rates  of  lead  already  described  (p.  73)  are  regarded  by  Bromeis  as 
compounds  of  lead-oxide  with  nitric  peroxide;  and  cobalt-yellow  (i.  1068)  is  by  some 
chemists  supposed  to  have  the  composition  Co'K"0*.2NK)*. 

Nitric  peroxide,  or  nitryl,  acts  as  a  monatomic  chlorous  radicle  analogous  to  chlorine 
and  bromine,  and  capable  of  displacing  one  or  more  atoms  of  hydrc^en  in  various  com- 
pounds, chiefly  organic,  atom  for  atom  ;  naphthalene,  for  example,  yields  the  three  nitro- 
derivatives,  C'«H'(NO')',  C"H«(NO»)*,  C"H»(NO0'.  Some  of  these  compounds  are 
formed  by  the  direct  action  of  nitric  peroxide  on  organic  bodies,  e.g.  mononitronaph- 
f  halene,  &*H'(NO*) ;  but  they  are  generally  speaking  most  easily  formed  by  the  action 
of  strong  nitric  acid  (which  may  itself  be  supposed  to  contain  the  radicle  nitryl)  on  the 
primary  compounds  :  thus, 

C'»H»  +  ^H*[0     «     C'»H'(NO*)  +   H»0. 

Nitric  peroxide  also  unites  with  amylene,  forming  nitrylide  of  amyUne,  C*H'*(NO'), 
analogous  to  the  bromide,  C*H**B;H,  and  possibly  also  with  the  other  olefines. 
(Quthrie.  see  i.  2o9.) 

A  chloride  of  nitryl,  NOKTl,  is  produced  by  the  action  of  oxychloride  of  phospho- 
rus on  nitrate  of  lead ;  thns^ 

3PbN'0»  +   2PaK)     -      Pb«P*0»  +   6N0*C1; 

also  by  the  action  of  chlorhydro-sulpburic  acid  upon  nitrate  of  potassium : 

KNO"  +  HCISO*     -    KHSO*  +  NO»Cl. 

It  18  a  thin  pale  oil  smelling  somewhat  of  nitro-muriatic  acid.  It  is  decomposed  by 
water  into  hydrochloric  and  nitric  acids : 

NO^a  +  H*0     -     Ha  +  HNO«. 

NiTBXO  Anetdridi,  Acid,  ahb  Salts. 

Vltrto  Asbydridet  or  Veatozlde  of  mtroten.     Anhydrous  Nitric  acid. 

yitraU  of  Kitryl,  N»0»  -  ^q,  I O.— This  compound,  discovered  by  H.  Deville  in  1849, 

is  produced  by  decomposing  nitrate  of  ailver  with  cblorine-gaa,  both  being  perfectly 
dry: 

2AgN0»  +   Cl«     -     2AgCl   +  N*0»  +   0. 

The  nitrate  of  silver  is  placed  in  a  U-tube  capable  of  containing  about  500  grms.  of 
the  salt  This  tube  is  connected  with  another  U-tube  of  considerable  size,  and  having 
at  the  bottom  a  small  spherical  reservoir,  which  serves  to  receive  a  very  roUtile  liquid 
(nitrous  anhydride),  produced  in  the  course  of  the  operation.  The  tube  containing  the 
nitrate  of  silver  is  immersed  in  water  covered  with  a  thin  layer  of  oU  and  heated  by 
meuns  of  a  spirit  lamp,  which  communicates  with  a  reservoir  kept  at  a  constant  level. 
The  chlorine  is  evolved  from  a  glass  gasometer,  and  its  displacement  is  regulated  by  a 
slow  and  constant  flow  of  sulphuric  acid ;  it  is  dried  by  passing  over  chloride  of 
ealdnm  and  then  over  pumice-stone  moistened  with  sulphuric  acid.  The  bend  of  the 
Urge  U-tube  is  immersed  in  a  freezing  mixture.     The  nitrate  of  silver  is  first  heated 
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to  180^  and  deprived  of  moifture  by  paaaing  a  cnrrent  of  carbonic  anhydride  through 
the  apparatus.  After  thie,  the  transmisition  of  the  chlorine  is  oommencedL  At 
ordinary  temperatores  it  appears  to  exert  no  action;  but  when  the  nitrate  of  sUTcr  is 
heated  to  96°,  and  the  temperature  then  lowered  to  58° — 68°,  the  decomposition  of  th« 
nitrate  takes  place,  chloride  of  silver  being  formed  and  nitric  oxygen  erolTed.  At  first 
a  portion  of  nitric  peroxide  is  developed,  but  as  soon  as  the  temperature  has  reached  its 
lowest  point,  crystals  of  nitric  anhydride  are  formed  and  soon  obetmet  the  U-tnbe. 
The  gases  evolved  daring  the  process  are  coloured ;  and  in  the  spherical  resenroir  at 
the  battom  of  the  tube,  there  collects  a  smuU  <|uantity  of  liquid  which  must  be  removed 
from  the  apparatus  before  transferring  the  nitnc  anhydride  to  another  vessel.  To  effect 
this  transference,  the  current  of  chlorine  must  be  replaced  by  a  cnrrent  of  carbonic  anhy- 
dride, the  condensing  tube  must  no  longer  be  cooled ;  and  the  bulb  destined  to  reoeiv* 
the  crystals  must  be  immersed  in  a  freeing  mixture  and  connected  with  the  U-tub« 
by  means  of  a  caoutchouc  tube  lined  with  asbMtos.  The  chlorine  should  pass  very 
slowly,  not  more  than  3  or  4  litres  (about  60  cubic  inches)  in  24  hours.  An  apparatiu 
arranged  as  above  dracribed  will  go  on  day  and  night  without  superintendence:  it 
is  merely  necessary  to  renew  the  supply  of  sulphurio  acid  which  displaces  the  chlorine, 
the  alcohol  which  feeds  the  lamp,  and  the  freezing  mixture. 

Nitric  anhydride  forms  transparent  coloarless  crystals  of  great  brilliancy,  having  the 
form  of  prisms  with  six  faces  and  apparently  derived  firom  a  right  rhombic  prism. 
When  riowly  deposited  in  a  current  of  the  gas  strongly  cooled,  they  attain  a  consider- 
able size.  They  melt  a  little  above  80°,  and  boil  at  abont  i6°.  At  10°  the  tension  of 
the  vapour  is  very  considerable.  At  temperatures  near  the  boiling  point,  decomposi* 
tion  appears  to  begin :  hence  the  tension  of  the  vapour  cannot  be  determined  oy  Dumas' 
process.     (Beville,  Ann.  Ch.  Phys.  [3]  xxriii  241.) 

Xltrie  Mid.    HNO*  mm  ^'|o  or  B.^0. WOK— JsoHc  acid.     Spirit  of  nitre, 

Spiritui  nitri  acidus.  Salpetergeist,  In  the  dilute  state:  Aquafortis.  Eau  forte. 
Bcheidewasser.^This  acid  has  been  known  from  early  times.  It  is  mentioned  in  the 
writings  of  Geber  in  the  eighth  century ;  Kujmond  LuUius,  in  the  thirteenth  cen- 
tuiT,  RSTe  directions  for  preparing  it  by  distilling  saltpetre  with  sulphate  of  iron ; 
and  Gluuber  soon  af^rwards  obtained  it  by  distilling  saltpetre  with  oil  of  vitriol,  the 
process  by  which  it  is  prepared  at  the  present  day. 

Formation.. — 1.  When  nitrogen-gas  mixed  with  10  or  12  tiroes  its  bulk  of  hydrogen 
is  burnt  in  oxygen,  the  resulting  water  is  found  to  contain,  in  addition  to  nitrite  of 
ammonium,  a  small  quantity  of  &ee  nitric  acid.  Again,  when  a  succession  of  electric 
sparks  is  passed  through  a  moist  mixture  of  2  voL  nitrogen,  and  5  voL  oxy|;en,  traces 
of  nitric  acid  are  slowly  formed.  It  was  by  a  modification  of  the  experiment  that 
Cavendish  first  ascertained  the  composition  of  nitric  acid.  Davy  noticed  that  traces 
of  nitric  acid  are  produced  at  the  positive  pole,  when  water  containing  atmoq»heria 
air  is  submittM  to  electrolysis. 

2.  By  the  decomposition  of  nitrous  add,  and  of  all  the  oxides  of  nitrogen.  ThiUi 
traces  of  nitric  acid  are  formed  firom  moist  nitrous  and  nitric  oxide  gases,  by  transmis- 
sioD  through  red-hot  tubes,  or  by  electroUsation ;  while  (quantities  of  it  are  prodooed 
bv  the  action  of  water  upon  nitrous,  nitroso-nitric,  and  nitric  anhydrides.  Nitric  acid 
also  occurs  among  the  products  resulting  from  the  transmission  through  red-hot  tubes 
of  ao  excess  of  oxygen  mixed  with  ammoniacal  or  moist  cyanogen  gas. 

Preparation, — 1.  From  Nitrate  of  potassium.  1000  parts  of  purified  saltpetre  ara 
distilled  in  a  glass  retort  with  96  parts  of  common  oil  of  vitriol,  till  the  residue  in  the 
retort  becomes  tranquil,  and  no  more  drops  distil  over.  The  ingredients  should  be  but 
little  more  than  sufficient  to  half  fill  the  retort,  or  there  will  be  danger  of  the  miztore 
boiling  over.  When  a  tubulated  retort  is  employed,  the  oil  of  vitriol  is  introduced 
through  the  tubulus ;  but  with  a  pUiin  retort,  the  acid  is  poured  down  the  neck  by 
means  of  a  bent  tube-funnel,  care  being  taken  not  to  soil  the  neck  with  the  oil  ol 
vitriol.  The  neck  of  the  retort  must  reach  almost  to  the  middle  of  the  receiver, 
which  is  cooled  with  water,  and  attached  to  the  retort  without  any  cement. 

For  every  molecule  of  saltpetre  (KNO*  »  101  pts.)  1  molecule  of  oil  of  vitriol 
(H*SO*  •*  98  pts.)  is  requireo,  in  which  case  1  molecule  of  nitric  acid  passes  over, 
and  1  molecule  of  acid  sulphate  of  potassium  remains  in  the  retort : 

KNO»  +  H«SO^     -     KHSO*  +   HNO». 

It  was  formerly  the  practice  to  use  only  half  the  quantity  of  sulphuric  acid  indicated 
by  the  above  proportion ;  and  in  fact  when  1  at.  sulphuric  acid  is  heated  with  2  at. 
saltpetre,  the  whole  of  the  nitric  acid  is  ultimately  given  off;  for  the  decomposition 
begins  in  the  manner  above  indicated,  the  oil  of  vitriul  acting  upon  half  the  quantity 
of  saltpetre  present,  so  that  1  at.  nitric  acid  is  disengaged,  and  a  mixture  of  nitrate  ana 


NITRIC  ACID.  79 

Acid  solphate  of  poUbsium  remains  behind.    This  fint  stage  of  the  reaction  takes 
place  at  a  moderate  heat;  but  aftervards,  as  tiie  contents  of  the  retort  attain  a  higher 
temperature,  the  acid  sulphate  and  nitrate  act  upon  one  another,  according  to  the  fol- 
lowing  eqoation,  yielding  nitric  acid  and  neutral  sulphate  of  potassium ; 
JECHSO'  +  KNO*     -     HNO«  +  K*SO<, 

But  these  proportioDS  are  not  advant^tgeons,  at  least  when  a  colourless  add  is  required) 
for  at  the  high  degree  of  heat  attained  in  the  latter  stage  of  the  process,  a  great  portion 
of  the  nitric  acid  is  resolved  into  oxy^n  and  nitric  peroxide,  which  being  absoroed  by 
the  acid  first  distilled  OTer,  converts  it  into  red  faming  nitric  acid. 

2.  From  commercial  Nitrate  of  sodium  or  CHU  saltpetre. — This  salt,  on  account  of 
its  lower  price,  is  now  generally  used  for  the  preparation  of  nitric  acid  on  the  large 
scale.  The  distillation  is  conducted  as  above,  excepting  that  1  molecule  (98  pts.)  of 
oil  of  vitriol  is  sufficient  for  the  decomposition  of  2  molecules  (170  pts.)  of  the  nitre 
(or  58  to  100),  because  the  reaction  takes  place  at  a  lower  temperature  than  with  nitrate 
of  potassium,  so  that  the  heat  never  rises  high  enough  to  decompose  much  of  the  nitric 
acid,  and  the  add  collected  in  the  receivers  has  only  a  pale  yellow  colour.  If  2  at. 
sulphuric  acid  are  used  to  2  at.  nitrate  of  sodium,  the  acid  must  be  diluted  with  one* 
fuurth  its  weight  of  water  to  prevent  the  mass  from  boiling  over.  The  best  proportions 
are  100  pts.  nitrate  of  sodium,  1167  pts.  of  oil  of  vitriol  and  30  pts.  of  water ;  for  the 
acid  sulphate  of  sodium  retains  not  only  1  at.  water,  like  the  potassium -salt,  but  3  at., 
which  it  tends  to  separate  from  the  nitric  acid,  so  that  unless  water  is  added,  the  mass 
becomes  solid,  and  the  acid  is  partly  resolved  into  nitric  peroxide  and  o^^gen  gaa. 
(Wittstein,  Repert.  Pharm.  briv.  289.) 

Both  potash-  and  soda-nitre  generally  contain  chloride  of  potassium  or  sodium,  which 
at  the  commencement  of  the  process  gives  rise  to  the  evolution  of  a  yellowish-red  mixture 
of  pemitric  oxide  vapour  and  chlorine  gas.  As  however  the  whole  of  the  chlorine  passes 
over  at  the  beginning  of  the  distillation,  an  acid  is  at  length  obtained  perfectly  froe 
from  chlorine  ;  this  pure  acid  amounts  to  one-half  or  two-thirds  of  the  whole.  It  is 
well  to  change  the  receiver  as  soon  as  the  acid  drops,  which  fall  from  the  neck  of  the 
retort,  produce  but  a  slight  turbidity  in  a  solution  of  nitrate  of  silver,  and  again,  when 
they  cease  to  cause  any  turbidity  whatever.  If  the  saltpetre  be  purified  by  repeated 
crystallisation  from  every  trace  of  chloride,  it  yields  a  perfectly  pure  add  from  the 
commencement. 

The  ordinary  acid  may  be  purified  by  distillation  with  a  small  quantity  of  saltpetre 
— the  receiver  being  changed  in  the  course  of  the  process.  Acid  containing  chlorina 
passes  over  first,  and  afterwards  pure  nitric  acid. 

In  order  to  obtain  an  acid  as  concentrated  and  as  free  as  possible  from  chlorine  and 
nitric  peroxide,  Millon  distils  it  till  a  third  part  has  passed  over,  and  then  distils  the 
rest  with  an  equal  measure  of  oil  of  vitriol,  the  receiver  being  changed.  The  latter 
distillate  he  purifies,  by  a  second  distillation,  from  the  sulphuric  acid  which  comes  over; 
heats  the  distillate  to  the  boiling  point  in  the  bottle  in  which  he  intends  to  preserve  it; 
and  parses  a  continuous  current  of  carbonic  anhydride  through  it,  till  the  add  becomes 
cold.  Should  the  specific  gravity  of  the  acid  exceed  1*6,  the  heating  and  current  of 
carbonic  anhydride  must  be  repeated  once  or  twice,  to  remove  the  whole  of  the  nitric  per- 
oxide. In  this  manner,  a  transparent  and  colourless  acid  may  be  obtained  of  specific 
gravity  1-621. 

Nitric  acid  prepared  from  Chile  saltpetre  often  contains  iodine.  Such  add,  when 
distilled  with  sulphuric  add,  yields  a  sublimate  of  iodine  after  all  the  nitric  add  has 
passed  over.  The  iodine  (which  is  in  the  form  of  iodic  acid)  may  also  be  detected  by 
reducing  it  with  sulph  vdric  add  or  hyposulphite  of  sodium  and  then  testing  with  starch. 

Kon-volutile  impurities,  chiefly  potassium  or  sodium  salts,  are  occasionally  present 
in  the  acid,  having  been  carried  over  by  too  rapid  distillation. 

On  the  large  sc^e,  the  potash  or  soda  nitre  is  distilled  in  horizontal  cast-iron  cylinders; 
or  similar  vessels,  and  the  add  is  condensed  in  a  series  of  stone- ware  Woulffe's  bottles, 
into  the  last  of  which  a  certain  quantity  of  water  is  poured,  to  effect  complete  conden- 
sation. Formerly,  calcined  green  vitriol  or  moistened  day  was  substituted  for  sulphuric 
add  in  this  process ;  the  greater  part  of  the  acid  then  distilled  over  as  pemitric  oxide, 
which,  when  condensed  by  the  water,  yielded  aquaforiia  (Scheidcwasser). 

In  some  French  manufactories,  the  generating  vessel  is  connected  with  a  double 
series  of  condensers  by  means  of  a  T-shaped  tube  fitted  with  a  three-way  cock,  so  that 
the  add  vapours  may  be  made  to  pass  into  either  set  of  condensers  at  pleasure,  and 
shut  off  from  the  other.  In  this  way  the  pure  colourless  add  which  distils  over  towards 
the  middle  of  the  process  may  at  once  be  separated  from  the  coloured  acid  which  is 
given  off  at  the  beginning  and  the  end.  For  ftill  details  respecting  this  and  other 
recent  improvements  in  the  methods  of  distillation  and  condensation,  see  Rickardson 
and  Waits'a  Chemical  Technol4)ffy,  vol.  i.  pt.  4,  pp.  337-350. 

The  followiug  methods  of  preparation  described  by  Kuhlmann  (R^p.  Chim.  app. 
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1862.  p.  337 ;  Wagner's  Jahresbericht,  lS62,p.  239)  may  perhaps  be  adrantAgecrasIy 
adopted  nnder  particular  circumstances. 

a,  Bjr  heating  chloride  of  manganese  with  nitrate  of  sodiitm,  whereby  a  lurge  quantity 
of  nitrous  fumes  is  given  off,  and  an  oxide  of  manganese  is  fbnoed  which  may  serve 
for  the  evolution  of  chlorine : 

6MnCl«  +  lONaNO*   -   2Mn0.8MnO»  +  lONaCl  +  10NO»  +  OK 
The  mixture  6f  nitric  peroxide  and  oxygen  coming  in  contact  with  the  wat«r  of  th« 
condenser  is  converted  into  nitric  acid,  the  excess  of  nitric  peroxide  being  resolyed  at 
the  same  time  into  nitric  acid  and  nitric  oxide. 

b.  By  the  action  of  certain  sulphates  on  the  nitrates  of  potassium  and  sodium.  Sul- 
phate of  manganese  acts  in  a  similar  manner  to  the  chloride ;  the  sulphates  of  ctnc^ 
magnesium  and  calcium  also  decompose  alkaline  nitrates  when  heated  with  them. 

e.  By  the  action  of  certain  metallic  oxides,  alumina,  and  silica  on  nitrates.  Wohler 
has  shown  that  when  a  mixture  of  peroxide  of  manganese  and  nitrate  of  sodium  ia  mode- 
rately heated  in  a  close  vessel,  caustic  soda  is  formed,  bat  no  salt  of  manganic  acid,  and 
large  quantities  of  nitrous  vapoun  are  given  off,  which  may  be  condensed  in  water  a« 
above. 

d.  Knhlmann  (Compt.  rend.  xlvi.  464,  675)  recommends  the  preparation  of  weak 
nitric  acid,  without  distillation,  by  decomposing  a  strong  solution  of  nitrate  of  barium 
(obtained  by  decomposing  nitrate  of  sodium  with  chlonde  of  barium)  with  an  equiva- 
lent quantity  of  sulphuric  acid.  The  aqueous  nitric  acid  decanted  from  the  precipitated 
sulphate  of  barium  has  a  strength  of  10° or  n°Baum6  (specific  gravity  l-OTd — 1-083X 
and  may  be  concentrated  by  boiling  to  25°  Baumd  (specific  gravi^  1*210). 

Preparation  of  Fuming  Nitric  Acid. — This  red  fuming  liquid,  which  consists  of 
strong  nitric  acid  holding  in  solution  a  considerable  quantity  of  pernitric  oxide,  and  ia 
a  murh  more  powerful  oxidising  agent  than  the  strong  colourless  acid,  is  usually  prepared 
by  diBtilling  2  at  saltpetre  with  1  at.  of  sulphuric  acid,  so  as  to  obtain  a  residue  of  neuti»l 
sulphate  of  potassium  (p.  79),  a  considerable  portion  of  the  evolved  nitric  acid  being 
,  then  decomposed  by  the  high  degree  of  heat  to  which  the  materials  are  raised  towards 

the  end  of  the  process.     It  mav,  however,  be  more  easily  obtained  by  tiaing  the  ordi- 
'  nary  proportions  of  the  ingredients  ^1  at.  nitrate  to  1  at  sulphuric  acid),  and  adding 

a  substance  capable  of  reducing  the  nitric  acid  to  the  state  of  nitious  add  or  nitric 
peroxide :  the  red  acid  is  then  obtained  from  the  very  beginning  of  the  process. 
Sulphur  may  be  used  for  this  purpose,  but  a  small  portion  of  the  sulphuric  acid  formed 
by  its  oxidation  generally  passes  over  with  the  nitric  acid,  and  must  afterwards  be 
removed  by  rectification.     The  following  is  a  better  method : — 

100  pts.  of  saltpetre  are  triturated  with  3^  pts.  of  starchy  and  the  mixtnre  is  intro- 
duced into  a  retort,  and  covered  with  100  pts.  of  sulphuric  acid  of  specific  gravity  1*85, 
The  beak  of  the  retort  is  inserted,  without  luting,  into  a  glass  tube  3  or  4  feet  long,  tba 
farther  end  of  which  passes  into  an  ordinary  tubulated  receiver,  which  is  kept  very 
cool.  The  distillation  beeins  without  external  application  of  heat,  requiring  only  very 
gentle  warming  towards  the  end  ;  100  j>ts.  of  saltpetre  yield  by  this  process  about  60 
pts.  of  deep  red  fuming  nitric  acid.  It  is  best  to  fill  the  retort  only  to  about  one-third. 
(Brunner,  R^p.  Chim.  app.  iii.  188.) 
;  Properties. — Pure  nitric  acid  is  a  colourless,  transparent,  mobile  liquid,  of  specnfie 

J  gravity  r62.    It  melts  at  —  66°  into  a  buttery  mass.    It  boils  at  86°,  with  partial  de- 

-1  composition,  leaving  a  weaker  acid  behind.   Its  vapour-density  is  2-258  at  68*5°;  2'378 

\  at  40-5'='(PlayrairandWanklyn,  Chem.  Soc  J.  xv.  166) :  calc.  (2  vol.)  -   2-183. 

-.  It  exerts  a  highly  corrosive  action  on  oi^aiiic  bodies,  and  even  when  somewhat  diluted, 

\  stains  the  nitrogenous  tissues  of  a  bright  orange  colour.     In  the  presence  of  moist  air» 

i  nitric  acid  gives  off  opaque  white  vapours  ha  vine  a  characteristic  odour  and  sour  tsAte. 

]  It  abl^orb8  water  from  the  air,  but  with  less  avidity  thun  sulphuric  acid.   Its  admixture 

with  water  is  accompanied  by  a  seiii^ihle  derelopment  of  heat,  and  formation  of  a 
definite  sesqui-hydrate,  2UNO'.3H'-'0,  which  is  a  colourless  strongly  acid  liquid  having 

;a  8pt*cific  gravity  of  1-42,  containing  60  per  cent,  of  nitric  anliydride  or  70  per  cent, 
HNO',  and  boiling  according  to  Millun  at  123^,  under  the  ordinary  atmospheric  pres- 
sure. Weaker  and  stronger  acids  are  alike  reduced  to  this  state  of  hydration  by 
boiling,  the  weaker  acids  losing  water  and  the  strun^r  acids  the  elements  of  nitric 
anhydride.  According  to  Roscoe,  however  (Chem.  Soc.  Qu.  J.  xiii.  150),  (tqueoua 
nitric  acid,  which  boils  constantly  under  the  ordinary  proseure.  contains  68  per  ct-nt, 
UNO*,  which  cannot  be  represented  by  any  simple  atomic  proportion ;  moreover,  as 
with  hydrochloric  acid  (L  892)  and  other,  acids,  the  composition  of  nitric  acid  of 
Gouatant  boiling-point  varies  with  the  preasore  under  which  the  ebullition  takes  place. 
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Tibia  $kowing  tU  atrengtk  o/Aqueoua  Nitrie  acid  according  to  iU  Specific  Gravity  at 
X6fi«C.or60OF.  (Ure). 


Speciflc 

N»0»in 

Spmjflc 

N«0»(ii 

Specifle 
gTBTity. 

Xto*ta 

1-6000 

79-700 

1-4189 

69-776 

1-2947 

39-860 

1-1403 

19-925 

1-4980 

78-903 

1-4147 

68-978 

1-2887 

39063 

1-1346 

19-128 

1-4960 

78106 

1-4107 

68-181 

1-2826 

38-266 

1-1286 

18-331 

1-4940 

77-309 

1-4066 

67-384 

1-2766 

87-459 

1-1227 

17-534 

1-4910 

76-612 

1-4023 

66-687 

1-2705 

36-662 

1-1168 

16-737 

1-4880 

76-716 

1-3978 

66'790 

1-2644 

36-866 

1-1109 

15-940 

1-4860 

74-918 

1-3945 

64  993 

1-2683 

36-068 

1-1061 

16-143 

1-4820 

74121 

1-3882 

64-196 

1-2623 

34-271 

10993 

14-346 

1-4790 

73-324 

1-3833 

63-399 

1-2462 

33-474 

1-0936 

13649 

1-4760 

72-627 

1-3788 

62-602 

1-2402 

82-677 

1-0878 

12-752 

1*4730 

71-730 

1-3732 

61-805 

1-2341 

31-880 

1-0821 

11-956 

1-4700 

70-9:i3 

1-3681 

61-068 

1-2277 

31-083 

1-0764 

11-158 

1-4670 

70136 

1-3630 

60-211 

1-2212 

30-286 

1-0708 

10-361 

1-4640 

69-330 

1-3679 

49-414 

1-2148 

29-489 

10651 

9-664 

1-4600 

68-642 

1-3629 

48-617 

1-2084 

28-692 

1-0695^ 

8-767 

1-4670 

67-746 

1-3477 

47-820 

1-2019 

27-895 

10640 

7-970 

1-4630 

66-948 

1-3427 

47023 

1-1968 

27-098 

10486 

7173 

1-4600 

66166 

1-3376 

46-226 

1-1896 

26-301 

1-0430 

6-376 

1-4460 

66-364 

1-3323 

46-429 

1-1833 

25-604 

1-0876 

6-679 

1-4421 

64657 

1-3270 

44-632 

11770 

24-707 

10320 

4-782 

1-4386 

63-760 

1-3216 

43-836 

1-1709 

23-900 

1-0267 

8-986 

1-4346 

62-963 

1-3163 

43-038 

1-1648 

23113 

1-0212 

3188 

1-4306 

62166 

1-3110 

42241 

11587 

22-316 

10169 

2-391 

1-4269 

61-369 

1-3066 

41-444 

11626 

21-619 

10106 

1-594 

1-4228 

60-672 

1-8001 

40-647 

1-1466 

20-722 

1-0063 

0-797 

The  namben  .in  this  table  irere  obtained  by  mixing  known  weights  of  water  and 
nitric  add  of  specific  granty  1-500,  which  was  regarded  by  Ure  as  the  stron^;est  acid 
eorresponding  to  the  fennnla  HH).N'0*;  but  as  the  true  speciflc  gravity  of  this  acid  is 
1*52,  ue  numbers  probably  require  some  correction. 

Reaciiotu. — Nitne  add,  espedally  when  heated,  is  a  most  powerful  oxidising  agent, 
and  acts  more  or  less  violently  on  all  the  solid  non-metatlie  elements,  converting 
iodine,  iulpkur,  selenium,  tellMrium,  pkoepkorus,  araemCf  boron,  carbon,  and  silicon,  into 
iodicy  sulphuric,  selenious,  teUorons,  phosphoric,  arsenic,  boric,  carbonic,  and  silide 
adds  respectively ;  also  upon  all  metals  excepting  tantalum,  titanium,  gold,  platinum, 
and  some  of  its  congeners.  Host  metals  are  converted  by  it  into  nitrates,  but  tin,  an" 
tivumy,  and  tungsten,  when  heated  with  the  moderately  strong  add,  sre  oxidised  into 
the  insoluble  stannic,  antim<mic;  and  tungatic  anhydrides.  The  degree  of  reduction 
which  the  nitric  add  sustains  in  these  reactions  varies  according  to  the  substance  acted 
upon,  and  according  to  the  strength  and  temperatnre  of  the  add  In  most  cases,  nitric 
oxide  is  set  free,  and  forms  red  ftimes  of  nitric  peroxide  on  coming  in  contact  with  the 
air :  hence  nitric  add  may  generally  be  recognised  by  the  red  fumes  which  it  evolves 
on  coming  in  contact  with  metals  or  other  oxidable  bodies.  The  reaction  with 
copper  alrnid^  described  (p.  68),  may  be  regarded  as  typical  of  the  ordinary 
action  of  nitnc  add  on  metals.  In  some  cases,  however,  other  oxides  of  nitrogen  are 
evolved. '  Finely  divided  ehareoal,  drenched  with  strong  nitric  add^  at  a  tempera- 
tnre below  0°,  is  not  oxidised,  but  decomposes  the  nitric  add,  with  evolution  of 
nitric  peroxide  and  free  oxygen  (Sehonbein).  SHver  and  ^poAz^ftttm  dissolved  in 
nitric  add  without  heat,  liberating  nitrons  anhydride,  or  nitrons  add,  which  remains 
in  solution,  so  that  the  reaction  takes  place  without  evolution  of  gss.  Nitrous  an 
hydride  is  also  produced  when  artmious  anhydride  is  dissolved  in  nitric  acid,  ^ne, 
tin,  and  iron  dissolve  in  the  cold  dilute  add,  with  production  of  nitrous  oxide,  NK> ; 
but  if  a  stronger  acid  is  used,  or  the  temperature  rises,  nitric  oxide  is  evolved.  Free 
nitrogen  also  occurs  among  the  products  of  the  violent  action  of  nitric  acid  on  several 
of  the  metals.  Thus,  when  copper  is  dissolved  in  moderately  strong  nitric  acid,  at  an 
increased  temperature,  the  evolved  nitric  oxide  gas  is  contaminated  with  nitrogen  ; 
whereas,  when  ^t  is  dissolved  in  weak  add,  at  a  low  temperature,  the  gas  is  oonliuni- 
nated  with  nitrous  oxide.     Nitrogen  is  also  set  ftet  when  strong  nitric  add  is  deooiD* 
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posed  by  red-hot  charcoal.    The  action  on  sine,  tin,  iron,  and  sereral  other  motaliC  is 
attended  with  formation  of  ammoDia ;  thoa : 

»HKO»  +  4Zn      -      4ZQ-NW  +   8HK)  +  H»N. 

Kitric  acid  conTeita  artenitf*  into  arsenates,  ferrou*  into  ferric,  and  $imnmous  into 
•tannic  salts.  In  the  concentrated  state,  it  rapi^j  oxidises  nUpkurmu  into  mUpbvru 
add,  and  aulphydrie  acid  into  water  and  pure  snlphnr;  but  wito  weak  nitric  acia,  free 
from  nitrons  acid,  this  action  is  very  ^radoal ;  indeed,  pure  nitric  add  is  altogether  • 
lees  powerful  osidiser  than  that  whidi  contains  nitrons  add  or  nitric  penixids  ia 
•ointion. 

Hydriodie  add  and  the  Midea  are  decomposed  by  nitric  add,  with  libcKntaoa  of 
iodine  and  nitric  (nide : 

SHI  +   HNO*     -     2HH)   +  P  +  NO, 

Sydroehlorie  and  nitric  adds,  heated  together,  decompose  one  laothar,  Ridding 
diohkiride  of  nitrosyl,  water,  and  free  chlorine : 

3Ha  +  HNO>     -    N0C1«  +  aH»0  +   d 

Nitric  add  acts  with  great  energpr  on  most  orfftmic  bodie*t  the  kitfA  of  action  Tsiyiiig 
according  to  the  strength  of  the  acid  and  the  tempentnre.  Dilute  or  moderately  strong 
nitric  acid  generally  exerts  an  oxidising  action,  especially  if  the  temperature  is  allowed 
to  rise,  the  final  piwncts  bemg  in  most  cases  oxaiic,  formi^  and  acetic  acids,  or  if  the 
action  be  pushed  to  the  utmost,  carbonic  anhydride  and  water :  picric  acid  ia  aleo  a 
frequent  ultimate  product ;  resinous  bodies  are  frequently  conTeried  by  nitric  add  into 
Buednic  add.  The  intermediateprodncts  are  rery  numerous,  varying  according  to  the 
substance  acted  upon :  indi^  OH^NO,  yields  isatin  C*H*NO*;  su^v  yields  saceharie 
add ;  gum  and  milk*Bugar  yield  mude  acid :  oleic  add  yidds  a  number  of  acids  d  the 
seriesC"H^O*,  and  OH*- -K)*  (see  Gmelin'$Handbook,'m.  122),  The  strongest  pai«nitne 
add,  espedally  if  rise  of  temperature  be  prerented,  acta  for  the  most  part  in  a  diilbirent 
way,  displacing  one  or  two  atoms  of  hydrogen  in  the  compound,  and  introdndog  an 
equal  number  of  atoms  of  nitrrl,  NO',  in  their  place :  thus  with  beniwne,  CH*,  it  forms 
nitTObenaene,  <>H»(NO«);  with  phenol,  CHH);  nitrophenol,  C^*(N0»)O,  dinitio- 
phenol,  C*H*(NO«)H),  and  trinitrophenol  or  picric  add.  C^H^NO*)*© ;  with  eeff«2oae, 
C-H'«0»,  it  forms  trinitro-ceUulose,  C«H'(NO*)H),  &c. 

The  industrial  uses  of  nitric  add  depend  upon  both  theee  modes  of  action.  It  ia  the 
most  frequent  solvent  of  metals,  and  is  used  l^  engravers  for  etching  dedgns  on  eo|yperw 
plates ;  also  for  etching  on  steel  and  stone.  The  deansing  of  copper  and  bronse,  the 
refining  and  assaying  ot  gold  and  alver,  the  preparation  of  the  nitrates  of  copper,  ailrer, 
and  mercnnr,  and  numerous  analytical  operationa  connected  with  manufactures,  depend 
also  upon  the  oxidising  and  solTent  action  of  nitric  add.  A  mixture  of  nitric  snd 
hvdrochlorie  adds  forms  aqua  rtoia  or  nUnHmuruUio  add,  used  for  dissolTing  gold, 
platinum,  and  other  metals,  and  alloys  not  attacked  by  nitric  add  alone.  The  prepa- 
mtion  of  oxalic  add  and  of  picric  add,  now  extensivdy  used  as  a  yellow  dye  fat  aul^ 
likewise  depends  upon  the  oxidising  action  ci  nitric  add.  This  last  substance  is  how 
ever  likewise  fbrmeld,  as  above  mentioned,  by  the  action  of  very  strong  nitric  aoid  on 
phenol  or  carbolic  add,  which  is  an  action  of  substitution.  The  preparation  of  nitvo- 
benxene  for  the  manu&ctnre  of  aniline,  and  that  of  gun-cotton,  an  also  indnstzial 
applications  of  nitric  add  <d  daily  increasing  importance. 

Wllmlas*  The  normal  nitrates  are  monometallic,  e.g.  nitrate  of  potasnnm  KNC, 
nitrate  of  oopmr  Cu'TVH)*,  nitrate  of  bismuth  61*^*0*,  the  general  formula  being 
R{„N"0*  or  R<a)0".»N«0*,  the  symbol  K(,)  denoting  an  *i-atomic  radicle.  There 
are  also  basio  nitrates,  most  of  which  are  derivable  from  the  normal  nitratea  by 
addition  of  1  or  2  mdeoales  of  oxide,  and  may  be  r^iresented  by  the  general  formula 
R.,»N-0-;  $,g. 

Bade  nitrate  of  Mercurosum         .         (Hg«)*H«N«0«  -  (Hg»)«N*0«.(Hg7'HK)« 

Bade  nitzaU  of  Mercuricum         .         Hg^N^O*  -  Hg'TJH)«.2Hg''0 

i  ?b«N«0»        «  Pb'TW.2Pb"0 

<A»H«N«0«    «  Pb'T^O'.Pb'lIK)* 

iffi«NH)w, 

Basic  nitrate  of  Bismuth    .         .         J     fiysc\X      "  Bi"'N*0'.Bi»0». 


Basic  nitrates  of  Lead 


These  hade  nitrates  might  be  called  orthonitrates,  being  related  to  the  normal 
nitrates  in  the  same  manner  as  theorthophosphates,  R(n)FK)**  to  the  nietRpho8phate% 
B(ii>F"0^ ;  they  are,  however,  the  exceptional  salts,  vheroas  amongst  the  salts  ol 
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phoiphorie  aeid,  the  orthophoflphates  are  the  oTdinary,  and  the  mataphotphatM  th« 
exceptional  salts. 

Oieurremee  and  formatum  of  JVi^ro^f.^SeTSTal  nitratae  occur  in  nature.  N  itnte  of 
■odium*  or  cubic  nitre,  exists  in  distinct  layers  or  beds  beneath  the  superfleial  soil  in 
many  parts  of  Fern.  Nitrate  of  potassium,  prismatic  nitre,  or  saltpetre,  oecnrs  as  an 
elflorescence  on  the  surface  of  the  soil  in  various  parts  of  India,  espeeiaUy  in  the 
district  of  Tirrhftt  in  Bengal  Kitrate  of  calcium  is  produced  artificially  in  several 
countries  of  Europe  by  mixing  decomposing  Tegetable  and  snimsi  matters  with  ciodns, 
chalk,  marl,  &&,  moistening  the  masses  repeatedly  with  urine,  exposing  them  freely 
to  the  air  for  two  or  three  years,  and  lixiriating.  A  similar  fbrmatioD  of  nitrates 
occurs  in  the  so-called  aaltvetre  rot,  or  efflorescence  which  sometime  occun  upon  the 
old  walls  of  stables  and  other  badly  drained  buildings.  Nitrates  are  formed  lAierever 
nitrogenised  organic  matters  in  contact  with  earthy  carbonates  or  other  bases  are  freely 
a<^»d  upon  by  uie  air.  Lumps  of  ch^  moistened  with  weak  ammonia  and  exposed  to 
the  air  haT6  been  found  to  yield  nitrate  of  calcium ;  but  it  is  doubtful  whether  the 
production  of  ammonia  is  a  necessary  stage  in  the  process  of  nitritication.  The 
■hallow  well-waters  of  towns  nearly  always  contain  nitrates,  from  contamination  with 
■ewer  or  cesspool  drainage,  &c.  But  many  natural  waters  obtained  from  strata  con- 
taining very  little  orsanic  matter  have  also  been  found  to  contain  nitrates.  Hence 
it  has  Deen  inferred  that  these  salts  might  be  produced  directly  from  the  free  nitrogen 
and  oxygen  gases  dissolved  in  the  water,  the  porous  beds  through  which  it  filters 
serving  to  effect  the  combination  by  an  action  resembling  that  of  spongy  platinum.  It 
must  be  borne  in  mind^  however,  that  rain-water  always  contains  carbonate  and  nitrate 
of  ammonium,  and  that  these  ammoniacal  salts  may  be  the  real  sources  of  the  nitrates 
found  in  the  waten.  Nitrates  are  found  in  the  juices  of  plants,  particularly  in  those 
with  large  fleohy  tuberose  roots,  and  are  probably  acquired  from  the  soil  by  direct 
imbibition. 

The  nitrates  of  potassium  and  sodium  are  obtained  in  a  state  of  purity  by  frequently 
lecrvstallising  the  native  saltSL  Nitrate  of  potassium  is  also  obtained  by  decomposing 
erade  nitrate  of  calcium  with  wood-ashes,  and  by  decomposing  nitrate  of  sodium  wi^ 
chloride  of  potassium.  The  other  raetalUe  nitrates  are  prepand  by  dissolving  different 
metals,  their  hydrates,  oxidefl^  or  carbonates  in  aqueous  nitric  add,  and  eiystaUising  by 
evapontion. 

Propertiet. — Most  nitrates  are  crystalline  salts.  The  normal  nitrates  are  all  soluble 
in  water ;  their  solutions  are  for  the  most  part  neutral,  and  have  a  cooling  saline  taste. 
The  ciystallised  nitrates  of  ammonium,  potassium,  sodium,  barium,  strontium,  lead,  aad 
■liver  are  anhydrous ;  that  of  mercurosum  is  monohydrated,  (Hg')'77K}'.2H*0 ;  thoaa 
of  cadmium,  <»lcittm,  and  probably  strontium  are  tetrahydrated,  e.^.  Ca'^0'.4H*0; 
and  those  of  magnesium,  sine,  cobalt,  nickel,  iron,  manganeae,  copper,  and  uranyl,  hex- 
hvdrated,  *.^.  Cu'Tf»0r6H*0.  Comer  alK>  forms  a  trihydrated  salt,  Cu'TJ*0«.3H«0. 
Host  nitrates  ftise  readily,  and  all  cieoompose  when  strongly  heated.  The  nitrates  of 
the  highly  basylous  metals  at  first  give  off  nearly  pure  oxygen,  and  are  converted  into 
nitrites,  afterwards  a  mixture  of  oxygen  and  nitrogen  gases,  together  with  some 
nitric  peroxide.  Other  nitrates,  which  decompose  at  a  lower  temperature,  those  of 
mercury,  lead,  and  silver,  for  instance,  evolve  a  mixture  of  nitric  peroxide  and  oxygen. 
A  few  still  more  easily  decomposible  hydrated  salts,  the  trinitrates  of  aluminium  and 
bismuth,  for  instance,  evolve  unaltered  nitric  acid.  Ignited  nitrate  of  silver  leaves  a 
residue  of  metallic  silver ;  but  most  normal  nitzatee  wh.n  strongly  heated,  leave  residues 
of  oxide  analogous  in  composition  to  the  original  salt ;  thus  cupric  nitrate,  Cu'T'lK}", 
leaves  cupric  oxide,  Cu^O ;  tri-nitrate  of  bismuth,  Bi'"l^*0*,  leaves  trioxide  of  bismuth, 
^'^sQt .  ferrous  and  manganous  nitrates,  however,  leave  oxides  richer  in  oxygen  than 
those  which  correspond  to  the  original  salts,  vis.  FeK)*  and  MnH)*.  Nitrates  heated 
with  combustible  bodies  produce  a  mon  or  less  violent  deflagration  or  explosion.  The 
acid-forming  bodies,  metallic  or  non-metaUic,  when  deflagrated  with  nitre,  lenr^ 
potassium-  or  sodium-salts  of  their  rrapective  acids ;  e.ff,  selenium  ignited  with  nitrate 
of  potassium  fonnS  selenate  of  potassium,  E^O*;  manganese  yields  manganate  of 
potassium,  K^Mn'O*. 

Reaetitmt  tervina/or  the  detection  of  Nitric  aeid.~-\.  All  nitrates  are  decomposed  by 
tiUpkurie  acid,  with  liberation  of  nitric  acid,  the  fumes  of  which  produce  a  purple  dis- 
coloration on  starch-paper  moistened  with  iodide  of  potassium. — 2.  In  contact  with 
metallic  copper  (wire  or  turnings)  the  nitric  acid  is  reduced  to  nitric  oxide,  which  forms 
orange-coloured  fumes  in  the  vessel  above  the  liquid. — 3.  Sulphuric  acid  to  which  a 
fragment  or  solution  of  a  nitrate  is  added,  acquires  the  property  of  bleaching  indico.—- 
4.  When  a  solution  of  a  nitrate  is  mixed  ia  a  test-tube  with  strong  sulphunc  ad^  the 
mixture  left  to  cool,  and  a  strong  solution  of  ferrous  sulphaie  or  chloride  continually 
poured  upon  it,  so  as  to  float  on  the  sur&ee,  Uie  iron  solution  quickly  acquires  a  dark- 
brown  colour  arising  from  the  formation  of  the  compound  of  nitrio  oxide  with  tb« 
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forrooa  salt  already  mfntiooed  (p.  69).      If  only  a  rrrj  Brnall  quantitj  of  nitrate  ii 

preacnt,  a  nMe-coIoored,  pnrpliah-broim,  or  dark  broirn  ring  i»  funned  at  ti^  mirfaea 

of  contact  of  the  two  Uauia«.     Tliia  reaction  is  extreniply  dflicate;  in   sppl/uig  it, 

howerer,  oaare  mtut  be  taken  to  cool  the  liquid  before  pouhnfE  in  thff  iroa  aolnCioii. 

'  beeaoae  the  dark  brown  eompoand  U  decomposed  faj  hear,  nitric  oxide  being  erolred 

'  and  the  odour  destroyed. -^6.  When  a  poluuon  of  a  nitrate  is  nujietl  with  a  few  dro]ja 

'  cf /errocyanidf  of  potOMiufii^  then  with  a  iinall  quantity  of  hydrochloric  acid,  the  liquid 

beatpd  to  71°    and  slightly  suprrsutnmt^d  on  cooling  with  an  alkaline  cflr>x*o«re. 

a  nitruferrtoyHnide  of  alkali-roetAl  (ii.  250)  is  formed,  and  the  filtered  liquid,  wikca 

mixed  with  a  few  drops  of  sulphide  of  ammonium  or  other  alkaline  snlpbide,  exhibita  a 

tranaient  purple  or  violet  colour  (E.  W.  Davy,  Chem.  Qua.  I8fi0,  p.  219). — 6.   Nitmtea 

!  Iieat«d  with  excess  of  hjfdroe)Uvric  acid  give  off  chlorine,  which  may  be  reco^aiscd  by  its 

^  odour  and  its  blefiching  powers;  also  by  th»  power  which  the  solution  acquires  of 

dissolving  gold  leaf. 

7.  When  nitrate  of  potAssinm  or  sodiuin  ia  heated  with  rinc,  water,  and  «Xi 
jioUuk^  ammonia  ia  evolved,  its  formation  arising  from  the  union  of  the  nitrogaa  < 
tained  in  the  salt  with  the  hydrogen  evolved  by  the  action  of  the  doc  on  the  potMb-l 
solution.  This  method  does  not,  however,  effect  a  complete  decompon'tioD  of  tbe  nitriel 
acid ;  and  if  applied  to  a  liquid  containing  only  small  <|UA0titiea  of  that  acid,  would  f 
Dot  give  certain  indications.     But  it  may  be  greatly  facilitated  and  reuden-d  cumplvie,  | 

,  by  the  introduction  of  another  metal  not  acted  upon  by  the  potash,  so  as  to  form  a  vol-  i 
Maic  circuit.     Thos,  when  sine  and  iron  are  pUced  together  in  a  moderately  sfvongj 
solution  of  caustic  potash,  hydrogen  ia  froely  aisengageo,  even  without  tbe  applicatioa  j 
of  heat,  the  zinc  being  uxidiaed  and  the  hydrogen  evolved  at  the  surface  of    the  j 
iron.    A  aimiliir  effect  is  observed  if  platinum,  copper,  or  tin  be  substituted  for  the  f 
Liron ;   but  with  these  metals  the  action   is  lees  energetic.     The  addition  of  a  nttrata  j 
to  the  liquid  is  followed  by  an   iuimediate  evolution  uf  ammonia.     To  apply   this  < 
reaction   to  the    detection   of   nitric  acid,  the  liquid   to  be  examined  is    rednced  ' 
to  a  wmall  bnlk  and  poured  into  a  test-tube  containing  2  or  3  grammes  of  a  nuxtur«  | 
of  granulated  ainc  and   clean   iron-filings.      A  small  quantity  (5  or  6  cub.  cent.)  of  j 
Lvtron^  potash- solution  is  then  added,  and  the  whole  is  heated  to  boihng.     Ammoiiia  f 
[;inay  toon  be  detected  at  the  mouth  of  the  tube  by  its  usual  characters,  viz.  ita  odour, 
lists  alkaline  reaction,  and  the  formation  of  dense  white  fumes  when  a  rod  dipped  ia 
[  iflilnta  hydrochloric  acid  is  held  near  the  mouth  of  tbe  tube;  5  milligrammes  uf  nitre 
[thus  Created  give  a  distinct  reaction  with  reddened  litmus.     The  delicacy  of  the  test 
I  Tuay  be  greatly  increased  by  the  use  of  pottuMo-iodide  of  nurrcury  (the  solution  obtained 
l.lty  adding  iodide  of  potassium  to  currocire  sublimate  till  the  scarlet  precipitat«  first 
l.lbnned  just  redissolres),  which  produces  a  red  or  brown  precipitate,  accoroing  to  the 
l<4)nantity  of  ammonia  present     The  mixture  should  be  gently  heated,  and  the  evolved 
6  passed  into  a  umall  quantity  of  dilute  hydrochlonc  acid.      The  acid  solution  ia 
to  be  supersaturated  with  potash,  and  tested  with  a  drop  of  potaasio-iodide  of 
[jnercaiy:  0001,  00005,  and  even  O'OOOl  gramme  of  saltpetre  thus     treated  gives  a 
Vdistinct  red  coloration  (A.  Vernon  Harcoart,  Chem.  Soe.  J.  xv.  381).     Scnulae 
raChem.  Centralblatt,  No.  63)  proceeds  in  a  aimilar  manner,  but  usee  platinised  sine  ia  , 
1  place  of  ibA  mixture  of  tine  and  iron. 

This  method,  which  may  be  used  also  for  the  quantitative  estimation  of  nitric  acid 
(p.  89),  server  to  distin^iuh  that  add  from  all  others  excepting  nitrous  acid. 

8.  Strong  nitric  acid  convorta  pienoi  (or  carbolic  acid)  into  reddish-brown  nitro-pbe- 
DoL  To  apply  this  reaction  tothe  detection  of  nitric  acid,  1  i>t,  of  phenol  io  dissolved 
in  4  pts.  of  strung  sulphuric  acid,  and  the  ttolution  is  diluted  with  2  pts.  of  water.  The 
substance  to  be  testt^d,  if  in  solution,  it>  evaporated  on  aporceluio  crucible  or  ita  oovnr, 
and  a  drop  or  two  of  the  phenyl -sulphuric  acid  is  allowed  to  fall  upon  it  at  a  tempera- 
ture of  about  100^.  Tf  nitric  acid  is  present,  a  reddish-brown  colour  im  immediately 
produced.  This  test  is  wiid  to  bo  more  dplicate  than  thnt  with  frrrous  su]phut«, 
having  given  a  distinct  iudicutiun  of  tbe  presence  of  nitric  add  in  the  residue  of  a  drop 
<t(  water  not  containing  roorf^  than  0-000O4>6  gmmtne  of  saltpetre,  whereas  four  such 
drops  were  not  suffidpnt  to  gire  u  perceptible  indication  witli  (bo  iron  te^t.  If  organic 
nuitterSj  or  compounds  of  clilurine,  bromiur,  or  todim.*  are  liktwifte  pn-»ent,  from  which 
■iilphuric  acid  would  sepurate  carbon  or  the  haloids,  it  is  best  to  ndd  a  drop  or  two  of 
•trong  ttmmonia  to  the  coloured  product,  when  the  haloids  will  be  dijwolved  in  the  form 

''•of  colourless  salts,  and  th&  carbon  will  retniun  MU.*fpcn'lcd  in  email  pOLrticles.  not  inter- 
fering  with  the  recognition  of  the  cbjiracteristic  yellow  colour  of  uitrophenylate  of 
ammonium.     {H.  Sprongcl,  Chem.  Soc  J.  xvi.  396.) 

Ail  the  reactionM  ul)ove  des':riUd  are  exhibited  by  nitrous  as  well  as  by  nitric  acid, 
and  even  with  greater  fuctlily,  fur  the  nitrites  are  more  easily  dtKrumposiblu  than  the 
nitrates,  and  nitrous  acid,  tiiough  it  coutaiua  leas  oxygen,  in  a  more  powerful  oxidising 
agent  than  nitric  acid.     The  nitrites  are  howaver  distinguished  from  nitrates  by  the 
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reactions  Already  described  (p.  71).  Aeoording  to  B.  Price  (Chem.  Soc,  J.  it.  261), 
nitric  acid  free  from  nitrous  acid  does  not  decompose  iodide  of  potasnnm  or  prodoce  a 
brown  coloration  with  ferrous  salts,  or  decolorise  indigo^  these  effects  being  produced 
only  after  a  portion  of  the  nitric  acid  has  been  reduced  to  sitrona  by  warming  with 
eulpbnrie  acid.  The  reactions  with  indigo  and  hydrochloric  acid  (3  and  6)  are  lifewise 
produced  by  the  o^gen-salts  of  chlorin«^  bromine  and  iodine,  but  these  salts  are  easily* 
distinguished  from  nitrates  and  nitrites  bv  the  fact  that  they  leave  when  ignited  a 
residue  of  chloride,  bromide^  or  iodide  of  aiiTer ;  also  by  their  reaction  with  nitrate  of 
nlTcr,  and  many  others. 

QuanHUttioe  Analyns  o/NUratei,    ZsHmaHon  ofNOrie  aeid» 

I.  OBATTiirnuo  soTHODs.  I.  By  neutralitatum  with  Baryta. — ^The  quantity  of  free 
nitric  acid  in  an  aqueous  solution  may  be  determined  Inr  agitating  the  liquid  with 
carbonate  of  barium  till  the  acid  is  completely  neutralised!,  then  Altering,  eTap<»«ting 
to  diyness,  taking  care  not  to  heat  the  residue  too  strongly,  and  weiring  the  dry 
nitnte  of  barium  thus  obtained.  100  parts  of  this  salt  correspoDd  to  41'39  port* 
NH)»,  and  48-28  parU  HT^K)*. 

Or,  the  solution  of  nitrate  of  barium  may  be  decomposed  by  sulphnrio  add,  the  pre- 
cipitated sulphate  of  barium  weidied,  sad  the  equiv^ent  q^ntity  of  nitrto  add 
thence  determined.      100  parts  Ba^BO*     -i     46*35  parts  KH)*,   and  64-08  parts 

If  the  solution  of  nitric  acid  is  very  dilute,  so  that  it  decomposes  carbonate  of 
barium  but  bIowIt,  it  is  better  to  neutralise  with  baxyta-water,  uien  pass  carbonic 
anhydride  through  the  liquid,  to  remoTe  any  excess  at  baryta,  filter,  and  treat  the 
filtered  solution  of  nitrate  of  barium  as  above. 

When  nitric  add  is  combined  with  a  base,  it  mar  be  liberated  by  distilling  » 
solution  of  the  salt  with  sulphuric  add,  in  the  proportion  of  at  least  1  at  sulphurie 
acid  (H*SO*)  to  1  at  of  the  nitrate.  The  mixture,  which  should  be  mther  dilute,  is 
distilled  from  a  tubulated  retort  into  a  receiver  provided  with  effident  means  of  con- 
densation, the  distillation  being  carried  nearly  to  diyness.  After  the  residue  has 
cooled,  more  water  is  added,  and  the  distillation  is  repeated  with  a  fresh  reodver. 
The  quantity  of  nitric  add  in  the  united  distillates  is  then  determined  by  neutralisation 
vith  baryta,  as  before.  With  the  proportion  oi  sulphuric  add  above  indicsted,  and  a 
considerable  quantity  of  water,  there  is  no  reason  to  fear  the  reduction  at  any  portion 
of  the  nitric  add  to  a  lower  oxide  of  nitrogen. 

The  residue  in  the  retort  serves  for  the  estimation  of  the  basei  In  the  ease  of  the 
stronger  bases,  viz.  the  alkalis  and  alkaline  earths,  whose  sulphates  can  sustain  a  red 
heat  without  decomposition,  this  residue  mav  be  heated  till  all  the  excess  of  sul- 
phuric acid  is  driven  off,  the  iixpulsion  of  the  Lut  portions  being  frdlitated  by  pladng 
a  piece  of  carbonate  of  ammonia  in  the  cmdble.  A  neutral  sulphate  then  remains,  from 
which  the  quantity  of  base  may  be  calculated,  and  this,  deducted  from  the  total  weight 
of  the  anhydrous  nitrate,  gives  also  the  quantity  of  nitric  anhydride.  The  weaker 
bases  whose  sulpjiates  are  decomposed  by  ignition,  must  be  determined  by  predpitation 
in  the  manner  specially  adapted  to  each. 

The  following  methods  of  separating  nitric  add  from  bases  may  also  be  adopted  in 
particular  cases. 

Nitrates  whose  bases  are  predpitated  by  baryta-water  and  are  insoluble  in  excess  of 
that  reagent,  may  be  analysed  by  boiling  them,  mther  in  the  solid  state  or  in  solution, 
with  excess  of  baryta-water,  then  filtering  removing  the  excess  of  baryta  by  carbonic 
anhydride,  and  determining  the  quanti^  of  nitrate  of  barium  in  the  filtrate  aa 
above. 

Some  nitrates,  as  those  of  lead,  copper,  bismuth,  &c.,  may  be  decomposed  by 
Bulphydric  add,  the  metal  being  predpitated  as  sulphide,  care  being  taken  to  diluto 
the  solution  and  not  to  use  a  large  excess  of  sulphydrie  add :  otherwise  sulphur  may 
be  predpitated,  and  part  of  the  nitric  acid  converted  into  ammonia.  The  filtrate, 
containing  the  whole  of  the  nitric  and  a  small  (quantity  of  sulpl^drie  add,  is  mixed 
with  baryta- water;  a  stream  of  carbonic  anhydride  is  then  passed  through  H,  to  pre- 
dpitate  the  excess  of  baryta  and  expel  the  sulphydrie  add ;  the  liquid  again  filtered; 
and  the  filtered  solution  of  nitrate  of  barium  treated  as  above. 

In  other  cases,  the  bases  may  be  predpitated  by  an  alkaline  sulphide,  best  with 
sulphide  of  barium.  The  liquid  filtered  from  the  predpitated  metallie  sulphide  then 
contains  nitrate  of  barium  and  exoees  of  sulphide  of  b&num,  and  may  be  treated  in  tha 
manner  just  described. 

From  nitrate  <tf  barium,  the  base  may  be  predpitated  bv  sulphuric  add ;  firoot  the 
nitrates  of  strontium  and  caldum,  by  sulphuric  add  and  alcohol.  The  fl2tnt«  ii 
neutralised  with  bazyta-water,  and  the  nitric  add  determined  aa  aborsu 
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From  the  nitntcv  of  ammoniom,  potaniam,  sodiain,  Itthitnn,  and        _ 
the  acid  is  most  easUy  separated  by  diatUlation  with  aolphiirio  acid,  ma^mbiemidj 
described. 

2.  By  ihe  loss  of  leaght  sustained  by  Nitrates  on  ignition, — All  nitmtM  are  deoom- 
posed  bj  heat^  the  nitrogeo  being  whoUy,  the  ozjgen  sometimes  partly  and  soaetUDcs 
vholy  expelled,  and  the  base  remaining  either  as  an  oxide  or  as  meUL  Silrar,  pal- 
ladium, and  oUier  noble  metals  are  left  in  the  metallic  state  when  their  nitratea  are 
heated  to  redness;  lead,  bismnth,  copper,  cadminm,  sine,  nickel,  magneaiom  and  one  or 
two  of  the  rarer  metals,  remain  as  protoxides,  W*0.  In  the  (armet  case,  if  the  aalt  ia 
anhydrous,  the  loss  of  weight  sustained  on  ignition  consists  of  KH)",  in  the  latter  of  K'O' ; 
but  in  many  cases,  as  with  the  proto-saits  of  iron,  cobalt^  and  manganese  the  reenlt  ii 
complicated  by  the  formation  of  an  oxide  of  higher  degree  of  oxidation  than  that  iriiidi 
may  be  supposed  to  exist  in  the  original  salt^  The  nitrates  of  the  alkali-metala  and 
alkaline-earth-metals  part  with  the  whole  of  their  nitric  anhydride  when  rerj  ttrooffy 
ignited,  leaving  the  Msee  MK)  or  llfO ;  but  these  bases  can  scarcdy  be  pfwrctoteo 
^m  absorbing  small  qnantities  of  carbonic  add  from  the  air  during  the  proceaa,  or  aa 
they  oool ;  moreover,  they  attack  all  vessels  in  which  the  i^tlon  can  be  perftjrmed, 
uniting  partly  with  their  substance ;  hence  the  amount  of  add  in  these  nitzatea  cannot 
be  conveniently  determined  by  igniti(m. 

According  to  Schaffgotsch,  the  amount  of  acid  in  a  nitrate  may  be  eaaSj  detc^ 
mined  by  igniting  a  finuy  pulverised  mixture  of  the  salt  with  aobydrooa  borax  in  a 
platinum  crucible,  taking  care  to  raise  the  heat  gradually.  The  loss  of  weight  then 
gives  the  amount  of  nitnc  anh^jrdride. 

Beieh  (J.  pr.  Chem.  Ixxxiii  262)  estimates  the  amount  ol  nitric  add  in  ■iv«li'«f 
nitrates  by  igniting  them,  mixed  with  from  4  to  6  times  their  wdght  of  pounded 
quarta;  the  loss  of  weight  then  also  gives  directly  the  quantity  of  anhydride^  oH)*, 

8.  By  conversion  of  nitrates  into  chlorides, — ^The  nitrates  of  the  alkali-meCala  and 
alkaline-earth-metals  mav  be  converted  into  neutral  chloridea,  of  perfectly  definite 
composition,  by  igniting  them  in  a  covered  platinum  crudble  with  excess  of  chloride  of 
ammonium,  as  long  as  fames  of  sal-ammoniac  continue  to  escape,  the  operation  being 
repeated  till  the  weight  of  the  residual  chloride  becomee  constant.  The  quantity  of 
base  is  then  determined  by  calculation,  and  from  this,  the  quantity  of  nitric  add  in  the 
salt. 

The  chlorides  of  most  of  the  heavy  metals  suffer  partial  decompodtion  when  ignited, 
espedally  in  contact  with  moisture. 

4.  By  the  action  of  Arsenious  anhydride, — ^Nitric  add  converts  arsenions  into  aiaenw 
anhydride^  according  to  the  equation, 

Ab«0»  +   2HN0»     i-     As«0»  +  2HN0». 

Hence  for  every  molecule  of  arsenic  anhydride  produced,  two  molecules  of  nitrio  aeid 
(HKO*)  must  be  decomposed.  To  apply  this  reaction  to  the  estimation  of  nitric  acid,  ^e 
salt  to  be  analvsed  (which  must  not  contain  lime  or  phosphoric  add)  is  mixed  with  three 
times  its  weight  of  arsenious  anhydride ;  the  whole  dissolved  in  strong  hydroehlovio 
add;  the  solution  evaporated  to  dryness;  ammonia  added  in  excess;  and  the  arsenie 
predpitated  by  addition  of  sal-ammoniac  and  sulphate  of  magnesium,  as  fimmfntt'o  way 

nesian  arseniafe,  which,  when  dried  at  100°,  has  the  composition  (NHM*Mg'AsK)".H*0. 
From  the  weight  of  this  salt,  the  amount  of  nitric  add  is  calculated  by  the  proportion, 

(KH*)»M^As*0".HK) :  2HN0"  -  880  :  126. 

Estimation  of  Water  in  Nitrates. — In  thehydnted  nitrates  of  the  stronger  bases,  the 
amount  of  water  is  eamly  determined  by  heating  them  to  100°,  the  water  being  then 
completely  expelled  without  any  loss  of  add.  Bat  the  nitrates  of  the  weaker  basee 
cannot  bwr  this  temperature  without  decomposition,  and  in  these  the  water  must  be 
determined  at  the  same  time  as  the  nitrogen,  by  igniting  the  nitrate  in  a  combustion- 
tube,  at  the  open  end  of  which  is  placed  a  quantity  of  copper  turnings,  and  attaching 
to  the  combustion-tube  a  drying  tuoe  containing  chloride  of  calcium,  in  the  same  man- 
ner AS  for  oiganic  analyses.  On  heating  the  tube,  the  water  and  nitric  anhydride  are 
driven  off;  tne  water  collects  in  the  chloride  of  caldum  tube,  the  increase  of  weiafat 
of  which  determines  its  quantity ;  and  the  nitric  anhydride  is  reduced  by  the  red-hot 
copper  to  pure  nitrogen,  which  passes  on  and  may  be  collected  over  mercury  and 
measured. 

Separation  of  Nitrates  from  Chlorides. — AH  chlorides  containing  metals  which  fom 
insoluble  phosphates,  may  be  separated  from  nitrates  by  heating  the  solution  containing 
them  with  phosphate  of  silver.  A  trace  of  that  salt,  which  remains  in  solution,  may 
be  easily  determined,  and  in  some  cases  separated  by  means  of  alcohol.  Laasaigne 
has  employed  this  method  for  asparating  the  chlorider  of  magnesium  and  G^dum  ttom 
the  corresponding  nitrates  in  well-watert. 
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In  some  cueii,  carbonite  of  silrer  ia  a  more  conYeaient  pncipitaot  than  the  phoa* 
phato,  especially  fur  separating  the  chlorides  of  the  alkaline  eaith-metada  and  of  ma^^ 
nesium  from  the  oorreaponding  nitrates.  In  other  cases,  however,  the  carbonate  can- 
Lot  be  used,  becatue  a  great  nnmber  of  oxides  are  precipitated  bj  it. 

The  chlorides  of  the  alkali-metals  cannot  be  sA)arated  from  the  nitrates  by  thia 
method,  because  the  |)hoq»hatM  of  those  bases  are  sofnbls.  The  method  most  generally 
adopted  for  eetimatingthe  quantity  of  chlorides  contained  in  alkaline  nitnttee,  especially 
in  erode  saltpetre,  is  to  precipitate  the  chlorine  by  nitrate  of  silrer,  and  determine  its 
amount,  either  by  collecting  and  weighing  the  precipitate,  or  by  the  volumetric  method 
with  cbromata  of  potassium  (t  SM). 

IL  VottrvBTBio  MBTEOM.  1.  By  neviraiiMUum,  See  Ahaltsu,  yotuHSTBio 
(i.  261). — If  sulphuric  acid  is  the  standard  acid  used,  and  the  number  ot  burette  divi- 
sions of  the  standard  alkaline  solution  rei|uired  to  neutralise  equal  weights  of  the 
standard  sul^drarie  acid  and  of  the  nitric  acid  to  be  tested,  are  denoted  by  p  and  ^\ 
then  the  quantity  ui  nitric  acid  (HNO*)  contained  ia  100  parts  by  weig^  of  the  aad 
■nder  examination  is  given  by  the  formula 

«  -  100   ,    I?    .    ?.    -    128-57    ^ 

If  ibr  example^  »  22  and^'  »•  60,  then  <  ■>  06*6,  or  100  grammes  of  tite  add 
contain  66*6  grammes  of  real  nitric  add.  The  neroentage  of  nitric  anhydride  will  be 
found  by  subrtitnting  64  for  63  in  the  preceding  formula. 

2,  B^  tAe  oxidation  of  Ferrous  sattt  (Pelonse's  process). — ^A  fonona  salt  heated 
with  mtric  add  is  converted  into  a  ferric  salt^  with  evolution  of  nitric  oxide,  every 
8  at.  iron  {Fh  <•  66)  thus  further  oxidiaed  corresponding  to  I  at  nitrie  add  decom- 
posed ■ 

6FeO   +  2HN0"     -      8FeK)»  +   2N0   +  H*0. 

A  quantity  of  pure  iron  (harpsiehord  wire),  more  than  can  be  converted  into  ferric 
oxide  by  the  nitne  add  to  be  estimated,  is  dissolved  in  excess  of  hydrochloric  add,  con- 
tained in  a  long-necked  flask;  a  known  weight  of  the  nitric  add  or  nitrate  to  be  terted  is 
then  added,  and  the  whole  boiled  till  the  liquid  aeqnirea  a  dear  yellow  colour.  It  is  then 
diluted  with  water,  and  the  excess  of  iron  still  present  as  ferrous  salt  is  estimated  by 
moans  of  a  standard  solution  of  pennanganate  of  potassium,  as  described  under 
Amaxybu,  VoLumruo  (i.  263^ 

This  process  is  well  adapted  for  analysing  mixtures  of  sulphuric  and  nitric  acids 
used  in  the  manufacture  of  gun-cotton,  for  mixtures  of  nitric  acid  with  water,  and  in 
much  used  for  the  valuation  of  saltpetre.  To  ensure  accuracy,  access  of  air  to  Uie  flask 
must  be  carefully  avoided,  as  the  nitric  oxide  which  is  generated  would  be  tht-reby 
converted  into  a  higher  oxide  of  nitrogen,  and  thus  peroxidise  a  Airther  portion  of  the 
iron.  Other  sources  of  error  are  the  reduction  <tf  a  portion  of  the  permanffiuiic  acid  by 
nitric  oxide  remaining  in  the  liquid,  and  the  escape  of  nitzic  add  without  Daring  acted 
oo  the  iron  solution.  To  obviate  these  sources  of  inaccuracy,  Fresenins  (Ami.  Cb. 
Pharm.  cvi.  217)  recommends  the  following  method  of  t^wratanft  A  long-necked 
tubulated  retort,  naving  a  capadty  of  about  £>0  cubic  centimetres,  oeiag  plaoMl  with 
its  neck  indined  slightly  upwards,  about  1'6  grammes  of  pure  iron  wire  is  introduced 
into  the  bulb,  and  from  30  to  40  cubic  centimetres  of  pure  filming  hydrochlorie 
acid  is  poured  in.  A  stream  of  hydrogen  gas,  previously  waahed  with  potash-ley,  is 
then  passed  into  the  retort  by  a  glass  tube  naosiDg  through  the  tubulnre^  and  entarinc 
the  retort  to  the  depth  of  about  oaif-aa-inco,  and  the  ne^  of  the  retort  is  connected 
with  a  U-tube  containing  a  small  quantity  of  water.  The  bulb  of  the  retort  m  sunx 
in  a  water-bath,  and  heated  gently  till  the  iron  is  oompletely  dissolved.  The  solution 
is  left  to  cool  in  the  current  of  hydrogen ;  the  current  is  then  strengthened,  and  a 
quantity  of  the  nitrate  to  be  testod  (not  exceeding  0*4  gramme  for  ssltpetre)  having 
been  weighed  out  in  a  small  test-tube,  is  introdncMl,  together  with  the  tube^  through 
the  neck  of  the  retort  into  the  bulb.  The  connection  of  Uie  neck  of  the  retort  with  the 
U-tube  is  then  restored ;  the  contents  are  heated  in  the  water-bath  for  a  quarter  of 
an  hour;  the  retort  is  then  removed  from  the  water-t>ath,  and  heated  over  a  lamp 
to  brisk  ebullition,  till  the  solution,  which  is  st  first  dark-ooloured  from  absorption 
of  nitric  oxide  gas,  has  acquired  the  light  brown  colour  of  feme  chloride,  after 
which  the  boiling  is  continued  for  a  few  minutes  longer.  Care  must  be  taken  not  to 
allow  any  portion  d  the  salt  to  diy  on  the  sides  of  tAe  retort.  Before  the  boiling  is 
arrested,  the  stream  of  hydr^en  must  be  accelerated,  to  prevent  air  from  entering 
through  the  U-tube  as  the  boiSng  ceases.  The  solution,  after  cooling  in  the  current  of 
hydr(^n,  is  largely  diluted  with  water,  and  the  quantity  of  iron  still  remaining  as  fer- 
rous salt  is  determined  by  means  of  permanganate  or  efaromate  of  potassium. 

A  modification  of  this  proosss  proposed  by  C  D.  BrauB  (J.  pr.  Ohcm*  Isxzi.  421) 
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isiflta  in  boiling  the  nifcrtU  with  ui  add  aolutioii  of  ferroiis  diloride.  In  aa  atB»* 
lere  of  carbonic  anhjdride,  till  all  the  nitric  caode  ia  drawn  otE,  thm  wamtiiiB  thv  ao- 
ion  with  iodide  of  potaaaiom,  wherebj  iodine  ia  aepusted,  aecarding  to  tho  aqnatioa— 

Fe«a»  +  3KI  -  «Fea«  +  2Ka  +  P, 
1  eaUmating  the  liberated  iodine  by  meana  of  aulphuzooa  abd  or  lyimwilpltita  at 
Uum. 

Sekioiin^a  method. — Thia  method,  alao  ionnded  on  the  zedaeiac  aetioB  of  tnflag 
irochlonc  acid  and  ferrona  chloride  on  nitratea,  oonaiata  in  «^i*H«"g  Uin  nitrie 
ide  ercdred  in  the  reaction  over  milk  of  lime,  to  ftee  it  fton  any  fajdroefaloriaarid 
it  may  paaa  over  with  it,  carefully  preeerring  it  from  contact  of  air,  then  traiiBftaiiiif 
into  another  veaael,  and  conreitin^  it  into  nitric  add  by  mizittg  it  with  o^n^  it 
^eaael  containing  water ;  the  quantity  of  thia  add  ia  then  determined  Tolnmetneal^ 
meana  of  a  atAndard  aolntion  of  lime  in  lugar-water.  Thia  method  has  tha  advaa- 
^  of  not  being  a£focted  by  the  pceaenoe  of  oiganic  matter  — ^wfaidi  would  vitiate  the 
iult  obtained  by  Felonce'a  proeeea,  by  reducing  a  portion  of  the  permanganic  add 
»d  to  oxidiae  the  fenoua  ealt  and  making  the  amount  of  nitzio  aeid  oosne  oofc 
»  amalL  It  haa  been  applied  by  Schlosing  to  the  determination  of  nitrie  add  in 
taeco;  but  it  is  difficult  of  execution,  and  not  generally  applicable.  (Gham.  Gaa 
M,  p.  398.) 

3.  By  the  reducing  actum  (sf  Mercury  (Crum,  Ann.  Ch.  Fhann.  hdi.  2S8).^31iii 
ithodreaemblee  the  hut,  inaamuch  as  it  dependa  on  the  collection  of  the  nitric  oodde 
dred  in  the  reaction,  but  differa  from  it,  in  completing  the  detezmination  by  tha 
ect  meaaurement  of  this  gas,  instead  of  by  its  reconversion  into  nitric  moo,  A 
igbed  quantity  of  the  nitrate  ia  introduced  into  a  graduated  g^aaa  tobe  flUad  with 
rcory,  and  staDding  over  mercury ;  a  quantity  of  water  aufiident  to  diasolTe  the  salt 
then  passed  up,  and  lastly  a  large  excess  of  strong  sulphuric  add.  Tha  nitric  acid 
IS  set  free  is  reduced  by  the  mercury  to  nitric  oxide,  which  collects  at  tha  top  of  the 
tsel,  the  decompodtion,  accelerated  by  occasional  agitation,  being  oompleta  in  abont 
[}  hours.  The  lerel  of  the  sulphuric  acid  is  then  rwd  <M,  and  a  warm  ooneentzafeed 
ution  of  ferrotiB  sulphate  is  pfused  up  to  the  top  of  the  lif^uid.  Thia  absorbs  the 
ole  of  the  nitric  oxide,  leanug  only  a  small  <^uantity  of  nitrogen,  arising  from  air 
b  in  the  tube.  The  Tolume  St  gas  absorbed  la  then  obeerred,  aiid  the  amount  of 
ric  add  in  the  salt  thence  determined  by  calculation.  This  method,  which  siraa 
ict  results,  has  been  applied  by  Crum  to  the  determination  of  nitric  add,  not  oi3y  ia 
tpetre,  but  also  in  gun-cotton,  after  it  had  been  ascertained  that  the  presence  of  oiganic 
XUst  did  not  interfere  with  the  liberation  of  the  nitric  oxide.  To  introduce  the  gaa- 
ton,  and  likewise  pulvemlent  substances,  abore  the  mercury,  Crum  endosca  them  ia 
mall  glass  tube.  H.  Rose  recommends  wrapping  them  in  filtering  paper. 
i.  By  the  reducing  action  of  copper  at  a  red  heat. — VHien  the  T^wnrs  evolved  by 
liting  a  nitrate  are  pawed  oier  red-hot  metallic  copper,  the  copper  takes  np  tha 
ole  of  the  oxygen  and  liberates  the  nitrogen,  which  may  be  collected  and  mcasnved 
9r  mercury.  The  apparatus  used  and  the  mode  of  operating  are  the  same  as  in 
tmaa'  method  for  the  absolute  determination  of  nitrogen  in  organic  bodies  (sss 
TALTBia,  Obo  AKic,  i.  242 ).  1  part  by  weight  of  nitrogen  corresponds  to  3*867  parts  NO*. 
[f  the  nitrate  contains  water,  a  chloride  of  caldum  tube  must  be  inserted  betwaen 

>  combustion-tube  and  the  gas-deliTer^  tube, 

1^.  By  conversion  into  Ammonia. — Nitric  add,  aa  already  obeerred  (p.  84),  is  ccmk 
ted,  by  the  action  of  nascent  hydrogen,  evolved  by  the  action  of  sine  on  dilnte 
ds  or  on  solution  of  potash,  into  ammonia,  each  molecule  of  ammonia  prodncad 
responding  to  1  molecule  of  nitrie  acid :  HNO*  +  H*  «  KH"  +  3iP0.  Tha 
iction  may  be  applied  in  rarious  ways  to  the  estimation  of  nitric  add. 
1.  Martin* $  meinod, — The  sidt  or  solution  containing  the  nitric  add  (after  betnr 
led  with  excess  of  potash,  to  expd  any  ammonia  that  may  be  present)^  ia  trcatea 
\h  washed  metallic  zinc  and  sulphuric  or  hydrochloric  add ;  and,  after  the  reaetioa 
Bnished,  the  liquid  is  distilled  with  potash,  to  expel  the  ammonia,  which  is  either 
imated  TolumetricallT  by  means  of  a  standard  acid  liquid,  or  received  in  a  bnlb- 
Mrutus  containing  hydrochloric  add,  and  subsequently  predpituted  hr  |datinic 
oride.  A  ronsiderable  quantity  of  sine  must  be  used,  equal  to  at  least  iour  times 
s  weight  of  the  nitric  add  to  be  estimated,  because  a  portion  of  the  hydrogen  always 

Xs  in  the  free  state  without  acting  on  the  nitric  add.     The  reaction  is  not  intc^ 
irith  by  the  presence  of  nitrogenous  organic  bodies,  such  as  uric  add,  qoinim^ 
I  organic  matters  in  mineral  waters,  &c. 

y  Harcourfe  method  (Chem.  Soe.  J.  xv.  383). — In  this  process,  the  hydrogan  is 
»lved  by  the  action  of  caustic  potash  solution  on  dne  in  contact  with  iron  (p.  167). 
standard  solution  of  sulphuric  add  is  used  for  the  collection  and  determinatiaa  of 

>  ««i"Mw»i«^  the  excess  of  add  employed  being  finally  determined  by  means  «€  n 
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■tandard  solution  of  caustic  potash.  Or  the  ammonia  may  be  condensed  in  hydro- 
chloric acid  and  precipitated  by  chloride  of  pUtinam ;  bnt  the  Tolumetric  method  gires 
perfectly  exact  results.  The  result  is  not  affected  by  the  presence  of  sulphate  of 
potassium  or  chloride  of  sodium. 

For  the  estimation  of  nitric  add  in  other  than  alkaline  nitrates,  it  is  Bometimea 
advisable  to  separate  the  base  before  proceeding  to  determine  the  nitric  add  as  above. 
Nitrate  of  bannm,  when  directly  submitted  to  this  method  of  analysis,  gires  perfectly 
good  results;  bat  nitrate  of  lead  showed  a  slight  defidency  in  the  amount  of  nitric  add, 
due  probably  to  an  action  of  dissolred  oxide  of  lead  on  the  surfiM^  of  the  dnc. 

6.  By  reduction  to  Nitrie  Oxide  and  Bvb9emunt  conversion  of  tkat  eofnmound  into 
Ammonia. — The  oonvenion  of  the  nitric  add  into  nitric  oxide  is  effected,  as  in  Pe- 
louxe's  method  (p.  86),  by  boiling  the  solution  of  the  nitrate  with  ferrous  chloride 
and  free  hydrochloric  add ;  and  the  nitric  oxide  is  converted  into  ammonia,  either 
by  passing  it  mixed  with  hydrogen  over  platinum-sponge  heated  nearly  to  rednew 
(NO  +  H*  —  NH"  •♦-  flK)),  by  which  method,  however,  the  conversion  into  ammonia 
ii  completdy  effected  only  when  the  quantity  of  nitric  oxide  present  is  very  small, 
that  is  to  say,  when  onlj  a  small  quantity  of  nitrate  is  operated  on;  or,  secondly,  and 
more  effectually,  by  passing  the  nitnc  oxide  mixed  with  sulphydric  add  gas,  over  nearly 
red-hot  soda-lime : 

N*0«  •¥  8H*S  •¥  :2CaO    -    SNH*  +  CaSO«  -i-  GaS>. 

In  either  case,  eadi  molecule  of  ammonia  produced  corresponds  to  one  molecule  of 
nitric  oxide,  and  there&re  also  (pi  87)  to  one  molecule  of  nitric  add.  The  ammonia 
produced  by  the  reaction  is  collected  in  an  abeorption-apDaratns  in  a  measured  quantity 
of  standard  sulphuric  add,  and  the  excess  of  add  used  is  determined  by  a  standard  alka- 
line solution.  This  procea  was  devised  especially  lor  the  estimation  of  small  quantities 
of  nitric  add  existing  in  plants,  soils,  waters,  &c.  From  10  to  100  grammes  of  the  sub- 
•tanoe  (or  of  the  reddue  obtained  by  evaporating  the  water)  is  exhausted  with  boiling 
water, and  the  concentrated  solution  is  treated  aa  above  described.  (G.  Ville,  Compt. 
rend.  xi.  939  and  987.) 

7.  By  the  action  of  Stannous  Chloride. — £adi  at  nitric  add  converts  4  at.  stansous 
chloride  into  stannic  chloride:  HNO«  -t-  4SnCl'  -t-  8Ha  -  4Sna*  -*■  KH>  +  3HH). 
~-The  nitric  add  or  nitrate  is  heated  with  a  known  volume  of  the  add  tin-solution 
in  a  sealed  tube  to  about  150°  for  ten  minutes,  and  the  remaining  stannous  chloride 
it  estimated  by  %  standard  solution  of  add  chromate  of  potasdum.    (P  ug  h.) 

MetaUic  Nitrates, 

NITBA.TB  or  ALTTXiKxrv. — The  normal  salt,  A1"^*0*.9HK),  crystallises  from  a 
concentrated  solution  of  hydrate  of  aluminium  in  nitric  add,  in  oblique,  rhombic,  very 
■hort  prinns,  which  melt  at  73°,  solidify  to  a  ciystalline  mass  on  cooling,  deliquesce  in 
the  air,  and  dissolve  very  easily  in  water  and  in  nitric  add.  Half  an  ounce  of  the 
pulverised  crystals  mixed  with  an  equal  weight  of  add  carbonate  of  sodium  or  ammo- 
nium, produced,  on  solution  in  water,  a  fall  of  temperature  from  -f  10'6°  to  —23*8° 
(Ordway,  Ann.  Ch.  Pharm.  Ixxvi.  247  ;  see  also  Salm-Horstmar,  Jahreeb.  1860, 
p.  301).  This  salt  treated  with  hydrate  of  aluminium  appears  to  yield  a  series  of  bade 
salts  analogous  to  the  bade  ferric  nitrates  (p.  94)  (Oraway).  Berzelius  obtained 
a  bade  nitrate  of  aluminium  in  the  &rm  of  a  pasty  mass  by  predpitating  the  neutral 
salt  with  ammonia. 

NiTBXTB  or  AxMOHXtTH.  (NH*)NO'.  Nitrum Jiomimam.  (See  Ajocobiacai 
Salts,  i.  192.) 

NiTBATB  or  Babiuk.  Ba''0J7*0*  or  Ba'TTO*.  £aryto-«zZ<p«6v.— Frepand  by 
beating  the  solution  of  sulphide  of  barium  or  the  native  carbonate  (  WitkeriU)  wiUi 
dilute  nitric  acid,  or  by  precipitating  the  solution  of  the  sulphide  or  chloride  with  nitrate 
of  sodium.  It  cxystallises  in  regular  octahedrons  and  combinations  of  that  form  with 
others  of  the  regular  system,  especially  the  cube.  The  crystals  are  permanent  in 
the  air,  white,  transparent,  or  translucent,  have  a  spedficgravity  of  3'1848(Karsten), 
and  a  sharp,  saline,  bitter  taste ;  decrepitate  when  heated,  and  mdt  at  a  comparatively 
low  temperature.  At  a  red  heat  the  ult  decomposes,  giving  off  oxygen,  nitrogen,  and 
nitric  peroxide,  and  leaving  a  reddue  of  pure  bi^yta.  It  detonates  slightly  with  com- 
bustible bodies,  and  decomposes  with  a  yellowish  light  when  thrown  on  glowing  coals. 
It  dissolves  in  water  with  blight  depression  of  temperature.  1  pt.  of  the  salt  dissolves 
in  20  pts.  water  at  0° ;  in  126  pts.  at  15° ;  in  6-9  pt«.  at  45° ;  in  34  pU.  at  86° ; 
and  in  2*8  pta.  at  lOG'*  ^Oay-Lussac).  According  to  Earsten,  it  dissolves  in  11-66 
pts.  water  at  20°,  fbrnung  a  solution  of  apedfle  gravity  1-0678.  In  water  oontaininff 
nitric  add  it  if  much  Issa  sohtUe,  so  that  a  neutnl  sMutum  from  whidi-Jiothiog  wiU 
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'Ktalliae  yields  on  additional  crop  of  crystals  on  addition  of  nitric  acid :  bencA  alio 
i  necessity  of  using  dilate  nitric  acid  in  preparing  tbe  salt  from  the  carbonate^  &e. 
strong  nitric  acid  it  is  quite  inaolable ;  also  in  alcohoL 

From  a  solution  cooled  to  between  12°  and  0^  Hirzel  (Zeitaehr.  t  Fhana.  18M, 
49)  once  obtained  a  hydrated  salt  conUining  Ba'^'0*.2HK>. 

An  aoeio-niiruU  of  barium,  Ba''(K0*)(C'H*0').4HK),  is  obtainad  1^  dlMolniV 
3tate  of  barinm  in  excess  of  the  nitrate,  and  crrstaUisfis  from  the  motbcr-li^iior  after 
3  excess  of  nitrate  has  separated,  in  large,  right,  rhomUc  prisms.  (Lacing  Ana. 
u  Pharm.  ciii  113.) 

NiTBATBS  or  Bismuth.  Then<?rma/»ott,Bi'TI»0».6HK)orBiH)».3N«O».10H«0, 
obtained  by  dissolving  the  pulTerised  metal  or  the  oxide  or  carbonate  in  modet«tcfy 
ong  nitric  acid.  The  concentrated  solution,  which  corrodes  paper,  and  must  theM- 
e  be  filtered  through  asbestos  or  pounded  i^lass,  deposits  the  salt  on  tfwmpora^oa  in 
ge  cryst^a,  which  are  very  deliquescent,  extremely  caastic,  and  mdt  in  their  watsr 
crystallisation  when  gently  heated. 

Basi0M/to.— A  bismuth-nitrate  haTiog the  composition 2Bi'^0*JBH}  ■-  ^rm[^ 

BiK}*.NH)».HK),  is  obtained  bv  heating  the  normal  salt  to  78°  (Or  ah  am,  Ann.  Ch. 
larm.  xxix.  16),  to  160°  Gladstone  (Chem.  Soc.  Mem.  m.  480).  According  to 
age  (Jahresb.  1862,  p.  163),  the  normal  salt  heated  for  a  certain  time  to  78^  leaTcs 

» basic  salt  Bi"170«.HN0"'-,^^3,|0'  or  Bi'0'.2NH)*.HH) ;  but  if  U  b«  kept  at 

Lt  temperature  till  it  no  longer  loses  weight,  the  residue  consists  of  2Bi'^O*.A*0. 
The  acid  solution  of  the  normal  salt  is  decomposed  by  water,  with  precipxtaCioB 
a  white  basic  salt  formeriv  called  magutery  of  hiamutk.  The  composition  of  this 
scipitate  is  variously  stated  br  difl&rent  chemists,  and  sppears  to  vary  acoording  to 
i  quantity  at  water  added,  and  the  len^  of  time  for  which  the  washine  ia  oon- 
lued.  According  to  Buge  {loc.  cit)  it  consists  mainly  of  tbe  salt  Bi'*^O\H"0 
Bi'0*.N'0*.2H*0,  mixed  with  Tariable  (jnantatiea  of  BiK}*.2BiK0*.HH)  or 
(i*0*.N*0*.H*0,  the  proportion  of  the  latter  increasing  with  the  quantitj  of  wash- 
tter  used.  (See  also  Handw.  d.  Chem.  rii.  176.) 
NiTKATB  OF  CxfliuK,  CsNO'.    See  Cxsnm  (L  1115). 

NiTBATB  OF  Cadkittk.  Cd'O.N'O^.lHH)  or  Cd"NK)«.4H«0.— Tufta  of  needlaa 
1  prisms  which,  according  to  Heissner,  deliquesce  in  the  air,  dissolra  in  aleobol.  bat 
hont  colouring  the  flame.  According  to  Ordway  (Sill.  Am.  J.  [2]  xxrii.  14),  the 
t  melts  at  69*6°,  boils  at  about  132*^,  and  remains  clear  and  mobile  on  prolongad 
iliog  till  |ths  of  tbe  water  has  gone  oft. 

N^iTBATB  or  Calcium.  Ca"N'0*.4HK>.  —  This  salt  occurs  on  man/  parts 
the  earth's  surface  where  the  conditions  are  farourable  to  the  formariui  of 
ric  acid,  and  calcium-salts  (especially  the  carbonate)  are  likewise  preaent.  In 
nylimestone  caverns,  thoseof  Kentucky  for  example,  it  takes  the  form  ufsiU^  efflorea* 
ices  of  a  white  or  grev  colour.  It  also  occurs  on  the  floors  and  walls  of  stablea  and 
ler  badly-drained  buildings  in  which  urine,  blood,  and  other  animal  matters  ara  left 
putrefy.  From  the  soil  it  often  passes  into  well-water.  When  it  forms  on  walla  it 
ises  rapid  disintegration  of  the  mortar,  because,  being  very  soluble  and  deIiqiieaoent» 
is  rapidly  carried  awsy  by  rain-water  and  atmosphenc  moisture ;  hence  it  is  caUad 
*  saltpetre-rot  In  France,  Prussia,  and  other  countriee  of  Enrope  it  is  formed 
ificially  in  saltpetre-plantations,  consisting  of  heaps  of  decomposing  TS^etabla 
i  animal  matter  mixed  with  cinders,  chalk,  mari,&c.,  which  are  frequently  moiatenad 
th  urine,  dunghill- water,  waste  soap-suds,  &c.  After  exposure  to  the  air  for  two  or 
rce  years,  the  mass  is  lixiviated,  and  the  crude  liquor,  which  is  chiefly  a  solution  of 
rate  of  calcium,  mixed  however  with  the  nitrates  and  chlorides  of  potassium,  sodiom 
i  magnesium,  is  treated  with  carbonate,  sulphate  or  chloride  of  potassium,  in  order 
convert  the  nitrate  of  calcium  into  nitrate  of  potassium  (see  SichartUon  and  WaU^$ 
emical  Tevknology,  vol.  i.  pU  4,  pp.  281—289). 

Pure  nitrate  of  calcium  is  best  prepared  by  neutralising  nitric  acid  with  lime  or 
rbonate  of  calcium.  The  solution,  when  evaporated  to  dryness,  leaves  the  anhydrona 
t,  which  has  a  speciflc  gravity  of  2*472  (Kremers),  a  warm  bitter  taste,  disaolrea 
(ily  in  water  and  in  alcohol,  and  may  be  heated  to  incipient  fusion  without  decom- 
sition.  The  partially  decompcuted  salt  is  phosphorescent  {Baldtmn's  pko$phortt9\ 
a  higher  temperature  it  is  decomposed,  giving  off  oxygen  and  citric  peroxide.  It 
tonates  slightly  with  combustible  bodies. 

A.  v^  strong  aqueous  solution  of  the  salt  crystallises  with  diffitiilty  in  doUqueaccnt 
:-mded  prisms  Terminated  by  acute  pyramids — monodinic  comhinatiuna,  acoozdinc 
MarigxuG — oontainiDg  C&'7^'0'.4HH);  according  to  Mitscherlich,  the  same  hjdvata 
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It  precipitAted  aa  a  crystallhie  powder  from  the  nqneouB  Bolation  on  addition  of  nitrio 
acid.  According  to  Ord  way  (he.  cit.)  the  hydrated  salt  melts  at  44°,  but  if  heated 
somewhat  above  its  melting  pointi  remains  liqnid  till  it  has  cooled  down  to  the  ordinary 
temperatnrei  and  if  then  tonahed  with  a  crystal  of  the  same  salt,  solidifies  quickly, 
with  considerable  rise  of  temperature  and  contraction.  Its  specific  gravity  at  166°  is 
1-90  in  the  solid,  and  1  -70  in  the  liquid  state.  The  fased  salt  begins  to  boil  at  132^,  and 
remains  clear  during  boiling  down,  till  about  one-third  of  the  water  has  gone  off,  and 
then  deposits  the  anhydrous  salt,  without  loss  of  acid.  The  anhydrous  salt  erolres 
great  heat  on  combining  with  water. 

NitbatbbofCbbium.— a.  Ceroiis«it/ra<«.Ce*O.N*0».4BPOor  Ce'TnO*.4H*0, 
is  obtained  by  dissolving  ceroeo-ceric  oxide  in  nitric  add  in  presence  of  alcohol  or  some 
other  reducing  substance.  The  filtrate  evaporated  to  a  syrup  yields  ths  salt  on  cool- 
ing, as  a  f&int  rose-coloured  cmtaUine  mass,  which  gives  off  half  its  water  at  260^ 
and  decomposes  at  200°.    (L.  J.  Lange,  J.  pr.  Chem.  Ixxxii.  129.) 

Jnmumio'Cerous  mtrate,  (NH*)N0'.Ce'^'0*.8H-0,  obtained  by  evaporating  a  mix- 
ture of  equal  parts  of  the  moderately  concentrated  solutions  of  the  component  salts, 
and  crystallising  over  lime  and  chloride  of  calcium,  is  colourless,  veiy  soluble  in  water 
and  alcohol,  and  deliqoesces  in  moist  air.     (fiolsmann,  J.  pr.  Chem.  Izxxiv.  76.) 

A  mixture  of  ceroos  niteate  and  nitrate  of  potassium  concentrated  to  a  syrup 
and  then  left  ovar  oil  of  vitriol,  yields  small  crystals  of  potasno-ceroue  niirate,  which 
gave  in  one  analysis  resiilu  agreeing  with  the  formula  4KNO*.3CeTNK>*.4H*0» 
bat  were  not  found  to  be  of  constant  composition  (Lange). — Magneno-ceroitt  nitra/£i 
Mg'^*0*.Ce"N'0*.SHH),  is  obtained  on  adding  alcohol  to  the  mixed  solutions  of  its 
component  salts,  in  fiunt  rose-coloured  crystals,  soluble  in  water  and  in  alcohol;  tht-y 
give  off  3  at.  water  at  110°,  and  the  rest  at  200°,  melting  at  the  same  time  (Lange). 
According  to  Holsmann,  tbis  salt  is  colourless  and  contains  only  6  at.  water.  The 
double  salts  of  cerous  mtrate  with  the  nitrates  of  manffaneMt  cobalt,  nickel,  and  nHe, 
are  similar  in  composition  (with  8  at.  water)  to  ths  magneeium  salt,  and  crjaXAlliao 
TexT  easily  from  sdntions  made  as  nearly  neutral  as  possible,  in  regular  six-sided 
tables ;  they  sometimes,  however,  exhibit  hemihedral  forms,  and  frequently  have  three 
alternate  sSea  longer  than  the  iotermediate  ones.  The  manganese  salt  gives  off  4  at. 
water  at  160°.    (Lange.) 

Ceric  oxide  dissolves  slowly  in  nitric  acid,  forming  a  reddish-fellow  liouid,  which 
iaavM  on  eyapoiation  a  reddish-yellow  risoons  mass,  exhibiting  distinct  inaications  of 
e^stallisation.  It  absorbs  water  from  the  air,  and  leaves  when  ignited  a  ceroso-ceric 
oxide  which,  according  to  Harignac,  has  nearly  the  composition  3Ce''0.2(Ce')*K)'. 

An  otM^mio-oeroso-oerie  nitrate,  (^^J^*|N«0«.(Ca«)^N«0».aH«0,  is  obtained  by 

mixing  the  solutions  of  nitrate  of  ammonium  and  ceroso-ceric  nitrate  and  evaporating 
over  Ume  and  chloride  of  calcium ;  it  forms  nodular  groups  of  very  deliquescent^ 
orange-red  crystals,  consisting  of  microscopic  six-sided  prisms.    (H  o  1  z  m  a  n  n,  ^.  cit,) 

NxTUATBS  OP  Chboxiitk.  Normal  ehromie  nitrate,  Ci*0".3N*O'.18H*O  or 
(Cr')'*NH)'".18H*0,i8obt«inedbydissolving  chromic  hydrate  in  Qitricacid.  Thesolu- 
tion,  which  is  blue  by  reflected,  red  by  transmitted  light,  dries  up  when  evaporated  to  a 
gummy  fissured  mass,  which  is  dark  green  both  by  transmitted  and  by  reflected  light, 
and  aner  being  heated  ovar  the  water-bath  for  several  honrs,  dissolves  only  partially  in 
water,  forming  a  brown  solution  (Hayes).  According  to  Ordway  (STill.  Am.  J.  [2] 
ix.  30;  xxvii.  14)  the  normal  salt  crystallises,  though  with  difficulty,  from  warm 
water,  in  purple  oblique  rhombic  prisms  containing  9  at.  water,  which  melt  at  87°  to  a 
green  liqmd  boiling  at  126*5°,  ana  form  with  cold  water  a  purple  solution  which  turns 
green  when  heated. 

Basic  Salts. — Normal  chromic  nitrate  dissolves  chromic  hydrate,  the  solution  re- 
maining clear  till  it  contains  8Cr*0'  or  SNK)*;  by  careful  addition  of  alkali,  two- 
thirds  of  the  acid  may  be  withdrawn  without  producing  permanent  turbidity.  The 
crystallised  normal  salt,  heated  over  the  water-bath  till  the  loss  of  weight  amounts  to 
39  per  cent,  leaves  a  dark  green  viscid  residue,  very  soluble  in  water,  and  consisting 
of  CrK)*.2N'0*.12H'0 ;  on  continuing  the  heat,  more  acid  and  water  escape,  and  the 
spongy  residue  which  then  remains  dissolves  quickly  in  water,  forming  a  dark  brown 
solution  containing  chromate  and  nitrate  of  chromium  (Ordway,  Sill.  Am.  J  [2] 
xxvi.  197).  Acooxtiing  to  Siewert(Ann.  Ch.  Pharm.  cxxvi.  86),  the  saturated  so- 
lution of  chromic  oxide  in  cold  nitric  add  contains  the  salt  Cr'0'.2N'0* ;  and  the  hot 
saturated  solution  contains  the  salt  2CrH)'.8NK)*.  From  the  latter,  ether-alcohol 
pirecipitates  chromic  hydrate,  while  blue  normal  chromic  nitrate  remftins  in  solution. 

NiTRATB  OF  Cobalt,  CaTO.TSHy^.QmO  or  Co"N*0«.6H«0  (or  6H'0  according  to 
Hillon)  forms  md  prismatic  ayvtals  of  specific  gravity  l-88,accordingto  Bodeker, 
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sh  melt  below  100°,  and  gire  off  vater  at  higher  temperatnies,  the  eokmr  of  tbt 
id  chaDging  from  violet-red  to  green,  and  finally  swell  np,  giTB  off  red  nitsoni 
tun,  and  leave  black  cobaltoso-cobaltic  oxide.  Tlie  aqueoru  solution  hmm  a  erinaoa 
or,  and  may  be  nsed  as  a  sympathetic  ink.  It  is  also  mneh  used  am  »  reagent  ia 
r-pipe  experiments  (L  218). 

baste  salt,  6CoO.K'0*.AH*0  or  Co'N*0*.3CoHK)'.2HK),  is  formed  mm  a  bias 
ipitato,  when  a  de-aerated  solution  of  the  normal  salt  is  treated  with  wteem  d  aB- 
ia  out  of  contact  of  air.    After  washing  and  drying,  it  forms  a  g;rooii  powdsr, 
tably  containing  oobaltoso-cobaltic  hydrate.    (Winkelblach.) 
he  nitrates  of  the  cobalt-ammoniuTna  have  been  already  deseribed  (L  106SI-206ft). 

ITRATBS  OFCopraB.  A^}rma^(Wj9rtcfii£ra/e,  Cn''O.NK)* or  Oa*N*0*,  18  obtained 
liseolring  metallic  copper,  cupric  oxide,  or  cnpric  carbonate  in  dilute  nitric  add. 
solution  is  green  at  firat  (perhaps  from  admixture  ot  cu{Mrie  nitrate,  and  beeames 
I  only  after  standing  for  some  time.  From  the  blue  solution  at  temperatiires  aofc 
iw  20**  (*i6<'  according  to  Ordway),  the  salt  is  deposited  in  daric  bfoe  priamatie 
tals,  conUining  CV:M>0*.3H'0,  according  to  Graham,  Gladstone,  and  Ordvay; 
O,  according  to  Gerhardt  This  hydrate  melts  at  114*5^  and  boile  at  170**,  giving 
Etitric  acid,  and  leaving  a  green  basic  salt  (Ordway).  At  lower  temperaAorea,  pels 
t  prifims  are  deposited  containing  6  at.  water:  they  effloresce  in  Tsicuo  orer  ou  of 
iol,  giving  off  half  their  water,  melr  at  IS''  (at  28-4°  according  to  Ordway),  and 
rvNolTed  into  a  liquid  and  crystals  of  the  tri-hydrated  salt.  The  latter  dooompoasa 
16°  into  &ee  acid  and  a  basic  salt  (Graham) : 

3(OuN«0«.3H«0)    -    CuWO»  +  4HN0«  +  7HH). 
.  bono  eupria  nitrate,  SCu''0.N'0*.H*0    m   Cu«NK)».HK)  (Graham),  400*0. 

►*.3H»0  =  Cu''0.Ci«K»0».8H«0  (Gerhardt),  is  formed  by  gentlj  haati^ 
normal  salt  (to  66° — 300°),  or  by  boiling  its  solution  with  copper  or  eapfie 
rate,  or  mixing  it  with  a  snudl  quantity  of  alkali ;  also  by  treating  cupric  ozida  vi^ 
mg  nitric  acid^  even  in  excess.  It  is  a  green  powder,  insoluble  in  water,  eolnbla  ia 
is ;  it  bears  the  temperature  of  melting  lead  almost  without  decomposition,  bat  ia 
imposed  at  a  red  heat,  leaving  cupric  oxide ;  it  also  yields  cupric  oxide  when  boiled 
b  potash  (Proust).  According  to  Vogel  and  Reischauer  (Jahreeb.  1869, 
1 6),  the  salt  4Ca''O.NH)^3HK)  is  obtained  in  light,  iridescent,  greenish-blue  lania% 
xiiliug  the  mixed  solutions  of  normal  cupric  nitrate  and  nitrite  of  potasnum,  or  tiM 
Bn  liquid  obtained  by  passing  nitrous  aad  gas  into  water  in  which  cnpric  bydx^a 
uspended. 

'H'-ammonio-cttprio  nitraiey  Gu''(NH')'NK)'*,  crystallisra  very  easily  from  aqneova 
ttion,  and  explodes  violently  when  the  solution  is  evaporated  by  heat  beyond  a  ootua 
ree  of  concentration. 

atraie  of  Amrno-owprammonium^  Ou"NK)*.4NH',  has  been  already  partiallj  da- 
bed  (ii.  81).  Aoooiding  to  Marignac  (Compt.  rend.  xlv.  650),  it  forms  xiiombie 
Bt^  with  the  pndominatiug  faces  o»P,  ooPoo ,  Poo ,  and  angles  ooP  :  qdP  h  128^ 
;  Poo  :  ito  overUe  principal  axis- 116**  10';  twins  often  occur  with  oamposatio& 

TiTBATa  OP  DxDTMiUM,  I>i"NK)*— Easily  soluble  in  water:  the  solution  ia 
e-red  when  dilute,  with  a  violet  tinge  when  concentrated;  a  syrupy  solntioa 
di6es  on  cooling  to  a  deliquescent  mass  of  the  hydrated  salt,  which  melta  and 
es  off  its  water  when  heated  above  300°.  The  anhydrous  salt  dissolves  eaaily  in 
jhol  of  96  per  cent.,  and  a  mixture  of  alcohol  and  ether,  but  is  insoluble  in  para 
er.  When  strongly  heated  it  gives  off  nitrous  vapours,  and  ultimately  leavea  a 
idue  of  brown  peroxide  of  didymium.  If  the  decomposition  be  stopped  at  a  oextaia 
nt,  and  the  residue  treated  with  water,  there  remains  a  white  mass,  a|^)arently  coo- 
ling of  a  basic  salt,  lfi»N«0«.IH"H«0».4H«0.  (Marignac,  Ann.  Ch.  Phya.  [J] 
cviii.  148;  see  also  Hermann,  lUp.  Chim.  pure,  1861,  p.  d3.) 

l7iTBATB  or  Erbiitu.  Permanent  in  the  air;  mostly  colourless,  aometimM 
;htly  reddish ;  forms  a  colourless  solution. 

l^iTBATB  OF  Gi.uciBoic,Gl''0.N^0».3H»0  or  Q1'T?'0*.3H«0.— Obtained  by  da- 
nposing  the  sulphate  with  nitrate  of  barium,  as  a  difficultly  ciystallisable,  very 
iijuescent  salt,  which  melts  at  60^,  and  boils  at  140'fi°,  remaining  clear  when  boiled 
m  till  the  thermometer  rises  to  160°,  and  fluid  till  cooled  to  16°;  the  fused  maaa 
idifiea  rapidly  on  addition  of  strong  nitric  acid.  When  heated  for  twenty  honra  in 
team-bath,  it  left  a  thick  transparent  residue,  amounting  to  60  per  cent  nf  its  weight, 
iecUy  soluble  in  water,  and  oonsiftiDg  of  Gl''NH)*.GrH'0'.2H'0.  This  basic  salt  alao 


NITRATES*  93 

muuiu  diflsoWed  when  the  aqneoua  aolatioii  of  the  normal  salt  is  treated  in  the  cold 
with  excess  of  c&rbonate  of  glaciDam,  whereas,  on  boiling,  the  whole  of  the  glncins  is 
precipitated  in  the  form  of  a  more  high^  basic  salt.    By  the  action  of  hjrdrate  of 

glocinum.  the  normal  nitrate  may  be  concerted  into  the  tribasic  nitrate,  (IWO*. 
(Ordway,  SiU.  Am.  J.  [2]  xxri.  197;  xxyU.  14.) 

KitratbofOold?  Fine  gold-leaf,  and  gold  recently  precipitated  by  ferrone 
iulphate,  dissolvee  in  inming  nitric  acid ;  but  the  solution  is  very  unstable,  being  de- 
eomposed  even  by  agitation  with  water,  with  precipitation  of  auric  oxide,  or  if  nitrous 
acid  is  present,  of  metallic  gold.  Anric  oxide  and  hydrate  likewise  dissolve  in  faming 
nitric  add,  forming  a  similar  solution. 

KiTBATXs  OF  Ibidakmon  ICK8  (see  iBroxuM-Bisas,  AmcoxxACAL,  iii.  824). 

NiTBATis  OF  iBOJf.  «.  Ferric  JW/mfa*.— The  normal  tait,  FeH)".3NK)'.18H»0 
or  (Fe')*'(N0')'.18H'0,  is  prepared  by  dissolving  metallic  iron  in  nitric  acid  of  apeciflo 
gravity  1  '29,  till  the  liquid  has  taken  up  About  10  per  cent,  of  the  metal,  and  then  adding 
an  equal  volume  of  nitric  acid  of  specific  gravity  1'43.  The  solution,  on  cooling,  de- 
posits the  salt  in  oblique  rhombic  prisms  of  specific  gravity  1'68A5  at  20°,  colourless 
or  with  a  fkint  larender-blue  tint,  slightly  deliquescent,  very  soluble,  with  a  yellow- 
brown  colour,  in  water,  very  slightly  soluble  in  cold  nitric  add.  At  47*2^  they  melt 
to  a  deep  red  liquid,  which  remains  liquid  till  cooled  to  20°,  and  has  then  a  spedfio 
gravity  of  1-6712 ;  part  of  the  acid  goes  off  at  100°;  the  liquid  boils  at  126°,  and 
complete  flecompoeition  takes  place  at  a  red  heat  (Ordway,  toe.  eit.),  Hauamann 
(Ann.  Ch.  Pharm.  Ixxxix.  109^  by  evaporating  the  red-brown  solution  of  iron  in 
nitric  acid  to  a  syrup,  at  a  gentle  heat,  then  adding  half  the  volume  of  nitric  acid,  and 
leaving  the  solution  to  crystallise,  obtained  prismatic  crystals  containing  (Fe*)*>N*0". 
12H*0,  and  melting  at  36°.  B.  Wildenstein  (J.  pr.  Chem.  Ixxxiv.  243)  obtained 
the  same  hydrate  in  limpid  cubic  crystals,  from  a  large  qoanti^  of  iron  mordant  con- 
taining a  very  small  quantity  of  free  acid  (prepared  by  satuzating  slightly  diluted 
nitric  acid  wiUi  iron,  and  evaporating  to  48^  or  50°  BanmA). 

Satic  8aU$, — Ordway  has  obtained  basic  ferric  nitrates  containing  from  2,  3,  6» 
8,  12  to  24  molecules  of  ferric  oxide  to  8  at.  nitric  anhydride,  namely  by  mixing  the 
solution  of  the  normal  salt  with  recently  precipitated  ferric  hydrate  in  various  pro- 
portions; they  are  all  soluble  in  water,  and  the  solutions  when  evaporated  yield  red 
mostly  deliquescent  powders.  The  solutions  have  a  deep  red  colour,  are  not  de« 
eomposed  by  boiling  or  dilution,  but  when  saturated  with  ferric  oxide,  they  yield  a 
precipitate  of  that  oxide  on  addition  of  chloride  of  sodium,  sulphate  of  potassium, 
ehlonde  of  ammonium,  sulphate  of  sodium,  cnpric  sulphate,  &c.,  but  are  not  precipi- 
tated by  neutral  acetate  of  lead,  cupric  acetate,  or  alcohol.  Scfaeurer-Keatner 
(Compt.  rend,  xlvii.  927)  has  obtained  the  two  salts  2Fe«0».N'0».H0  and  Fe*0».N«0». 
These,  as  well  as  the  normal  salt,  are  decomposed  by  water,  the  normal  salt  yielding 
SFe»0".N«0».8HH),  the  first  of  the  two  basic  salts  just  mentioned  yielding  SFe'OVN'O*. 
SHH),  and  the  second  4FeH)'.NK)'.3HK).  Hansmann,  by  evaporating  the  solution 
of  iron  in  nitric  acid  to  a  syrup,  adding  half  the  volnme  of  strong  nitric  acid, 
and  leaving  the  solution  to  crystallise,  obtained  colourlesa  prisms  containing  Fe'O*. 
8N'0*.12Hk}.  By  mixing  a  very  eoncentrated  solution  of  this  salt  with  water  till 
the  colour  became  rnddish'yellow,  then  boiling,  and  adding  nitric  acid  after  cooling, 
an  ochre-coloured  precipitate  was  formed,  containing  8Fe*0*.2N*0*.3H'0.  By 
adding  a  very  large  quantity  of  water  to  a  highly  concentrated  and  slightly  acid 
solution  of  the  nitrate,  an  ochre-coloured  precipitate  was  sometimes  formed,  containing 
86Fe'0*.NKV.48H'0.  By  treating  iron  in  excess  with  nitric  acid,  a  precipitate  was 
obtained  haring  the  composition  8Fe»0».N''0*.12H«0. 

/3  i^Vrrtc  ^0«<o-iii<ra^0«(Schenrer-KeBtner,  Ann. Ch.Fhys.  [3] Ixiii. 422 ; 
K^p.  Chim.  pure,  iv.  96). — These,  and  similar  salts  containing  chlorine  and  other 
mooatomic  radicles  are  obtained: — 1.  By  leaving  mixtures  of  ferric  hydrate  and 
monatomic  aci<ts  (nitric,  hydrochloric,  acetic,  &c.)  to  act  upon  one  another  for  several 
days  at  40°.-  %.  By  mixing  a  monatomic  acid  with  a  veiy  concentrated  solution  of  a 
ferrous  salt,  or  with  the  dry  salt,  and  oxidising  the  mixture  with  nitric  acid. — 3.  By 
the  mutual  action  of  the  component  salts,  s.y.  of  ferric  acetate  and  ferric  nitnie.— 
4.  By  the  action  of  an  add  on  a  ferric  salt  containing  another  acid. 

Terrie  IHae$UhnUraU,  (Fe»)'*(C»HH)»)*(N0»)».6H*0,  ciysUUises  in  slender  blood-red 
needles  or  right  rhombic  prisms  of  eonsiderable  sice ;  —ferric  aceio-dinUrats, 
'Fe*)*«(C"H»0*?(N0')«.8HH),  in  ri^t  rhombic  prisms;— /«tw  Utraceto-nUrats, 
'Fe*)'*(C*H»0»)\N0*XH0).4HH).  in  hard,  shining,  red-brown  right  rhombic  prisms  ;— 
.  Wic  triaoeto-nUrate,  (Fe')'»(C'HH)*)^KO"XHO)«  2HK),  ia  obUque  rhombic  prisms, 
resembling  ferricya^de  of  poCaasiam. 
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7.  Ferrout  nitrate,  Fe"O.N»0»  or  Fe"N«0*— Prepared  by  pz«eipitatuig  temm 
sulphAte  with  an  equtralent  qmiatity  of  nitrate  of  barium,  and  erworating  the  flltoau 
in  vacuo  orer  oil  of  vitriol ;  or  by  addii^  sulphide  of  iron  to  cold  dilute  nitaric  edd, 
and  evaporating  the  solution  in  vacuo.  If  the  solution  were  evaporated  by  heet,  fenie 
salts  vould  be  formed.  The  salt  is  likewise  obtained  by  treating  iron  borings  or  filingi 
with  cold  dilute  nitric  acid,  nitrate  of  ammonium  being  formed  at  the  same  time,  aid 
no  evolntion  of  gas  taking  place : 

10HNO»    +    Fe«    -    ifferN^O*    +    (NH*)NO«    +    8H«0. 

The  solution  thus  obtained  may  be  heated  nearly  to  boiling  without  dooompoeitioiL. 

According  to  Scbeurer-Kestner  (Compt.  rend,  sdvii.  927)»  nitric  acid  of  aprcifie 
gravity  1*034  yields  with  iron  nothing  but  ferrous  nitrate  and  ammonia,  iriierMu  add 
of  specific  gravity  1  *073  yields  the  same  products  together  with  ferric  nitrate ;  and  acid 
of  specific  gravity  1*115  and  upwards,  only  ferric  nitrate,  and  no  anunonia.  In  the 
latter  case,  the  solution  contains  baoio  salts,  as  well  as  the  normal  salt,  and  in  greater 
proportion  as  tbe  acid  was  more  concentrated. 

Ferrous  nitrate  crystallises  from  solution  after  some  time  in  fbur-aided  berelled 
prisms,  having  a  veiy  &int  greenish  colour  and  ahazp  taste,  deliquescent  and  tbij 
soluble  in  water. 

The  solution  of  iron  filings  in  oold  dilute  nitric  acid  is  used  in  dyung. 

KxTBATB  OF  LANTsaNTTX,  LaO.NK>*.3HK)  or  La'7PO*.8H*0,  separates  £Eom  a 
syrupy  solution  in  large  prismatic  crystals  which  deliquesce  in  the  air  and  diwolve 
easily  in  water  and  in  alcohol.  If  the  water  be  very  carefully  drawn  off  f^m  the 
crystob,  the  residual  anhydrous  salt  may  be  fused  without  decomposition,  but  if  the 
temperature  be  then  raieed  above  the  melting-point,  a  small  ooanUty  of  nitric  add  goes 
off,  and  the  residual  basic  salt  solidifies  on  cooling  to  a  kina  of  enamel  which  almoet 
immediately  aiterwards  crumbles  to  a  bulky  white  powder,  and  with  such  force  that 
the  particles  are  scattered  to  a  considezable  distance.  At  a  red  heat  Uie  salt  is 
completely  decomposed,  leaving  a  residue  of  oxide  (Hosander).  The  hydxated  mU 
melU  at  about  40°  and  boiU  at  about  120°.     (Ordway.) 

NiTBi.THfl  OF  LsAD.  The  normal  gait,  VhO.N*0*  OT  Pb'*KK)*,  is  obtained  by 
dissolving  lidiarge  or  metallic  lead  at  the  boiling  heat,  in  slightly  diluted  nitrie  aesd^ 
which  should  be  free  from  hydrochloric  and  sulphuric  adds.  The  neutral  nitnte  erya- 
tallises  in  large  octahedrons,  with  the  secondary  &ces  of  the  cube,  sometimes  trans- 
parent,  although  generallv  white  and  opaque ;  spedfic  gravity  4*609  (Sehro  der);  4*3S5 
(Buignet).  The  crystals  are  anhydrous ;  they  are  soluble  in  7^  times  their  wdg^  of 
cold,  and  in  a  much  smaller  quantity  of  hot  wat^r.    (Mitscherlioh.) 

According  toKremers  (Fogg.  Ann.  xdi.  499)  1  pt.  of  the  nitrate  of  lead  fsaolTes 
in  2-58  pta.  water  at  0°;  in  207  pts.  at  10°;  in  1*66  pta.  at  25° ;  in  1*26  pta.  at  46** ; 
in  0-99  pta.  at  65° ;  in  0*83  pts.  at  85°  ;  and  in  0*72  pts.  at  100°.  The  satnxated  eola- 
tion boils  at  108*5°.  The  spedflc  gravities  at  17*5°  of  solutions  of  various  strengths 
are  as  follows  (Kremers,  Fogg.  Ann.  ciii.  57  ;  dv.  133) : 

Spedflc  grairf^  of 

M023 
1-0661 


Weight  of  Mlt  to 

Spedflc  gravity  of 

Weight  of  «alt  la 

100  pti.  wnter. 

tnlvtlmi. 

100  pu.  water. 

34-79 

1*3816 

11*60 

28*30 

1*2274 

7-73 

15*46 

1-1415 

See  also  Schiff  (Ann.  Ch.  Pharm.  ex.  75).  Xitrate  of  lead  is  insoluble  ta  "k^hci, 
and  in  strong  n«<r»i;  acid,  which  indeed  precipitates  it  from  aqueous  solution ;  soluble  id 
saturated  solutions  of  nitrate  of  potassium  and  nitrate  of  barium.  (For  f^ll  details  xe* 
specting  its  solubility  in  water  and  other  solvents,  see  Stortt^a  IHetionaryof  8oliihUUig$^ 
p.  382.) 

Nitrate  of  lead  is  decomposed  at  an  innpient  red  heat,  yielding  a  mixtuie  of  oxygen 
gaa  and  nitric  peroxide  (p.  76),  and  leaving  the  yellow  protoxide  of  lead  (iil  649^ 

Basic  »alt9.—T\ied^%mhui  salt,  2Pb''0.N«0»  -  Pb"O.Pb"N'0»  (Berzelius)  or 
2Pb"0.N»0».H«0  -  Pb3N0*  (Pelouae),  is  produced  by  boiling  the  normal  salt 
with  white  lead  and  water  (Felonse),  or  1  pt.  of  the  normal  salt  with  1  pt.  lead  oxide 
and  water  (Chevreul),  or  by  treating  the  solution  of  the  normal  salt  with  a  quanti^ 
of  ammonium  not  sufficient  to  throw  down  all  the  lead  as  oxide.  It  crystallises  from 
the  hot  aqueous  solution  in  white  grains  or  nacreous  laminae  and  needles  having  a 
sweet  astringent  taste.  It  is  but  slightly  soluble  in  oold,  more  soluble  in  hot  water; 
according  to  Fobl,  1  pt  of  it  dissolves  m  5-15  pts.  water  at  10-2°, 

Triptumbic  nitrate,  SFb^CN'O*  or  rt>«N*0«,  is  precipitated   with  |  at.   water 
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^7^b'yO*.3H'0),  OD  treating  th«  solution  of  the  normal  Bait  with  a  slight  exeeM  of 
ammonia,  as  a  white  powder,  sligbtl/  soluble  in  pore  water  and  precipitated  bj  addition 
of  manj  salta  which  do  not  decompose  it.  The  same  salt  is  precipitated  according  to 
A.  Vogel,  jun.,  with  twice  the  preceding  quantity  of  water  (Fb'N'O'.SH'O),  ou 
adding  nitrate  of  potassium  or  sodium  to  a  solution  of  basic  acetate  of  lead.  It  is 
sparingly  soluble  in  boiling  water,  crystallises  on  cooling  in  nodules  of  needle-shaped 
crystals,  and  gives  off  its  water  of  crystallisation  in  Tacdo  at  205^. 

Berplumbie  nitrate,  6Pb"0.N«0".H'0  ==  Pl)'N»0«.3Pb''0.H*0.  is  obtained  by 
precipitating  the  normal  salt  with  excess  of  ammonia,  and  digesting  the  washed 
precipitate  with  anunonia.    It  is  a  white  powder,  nearly  insoluble  in  water. 

FormO'nitrate  of  Lead,  KO'    O^HK),  obtained  by  dissolving  formate  of  lead 

(cnoy 

in  a  hot  nearly  saturated  s(uution  of  the  nitrate,  aystallises  by  slow  cooling  in  large 
rhombic  plates,  permanent  in  the  air,  And  sparingly  soluble  in  water. 

Pb« 
PAotpko-nitrate  o/Leady  N0» 
(POri 

tained  by  adding  a  soluble  phosphate  to  excess  of  nitrate  of  lead,  as  a  crystalline  pre- 
cipitate, insoluble  in  water,  soluble  in  nitric  acid,  and  crystallises  in  six-sided  plates 
derived  &om  an  oblique  rhombic  prism.  It  is  decomposed  by  boiling  water  into 
nitrate  and  orthophosphate  of  lead,  and  when  heated  to  redness  leaves  a  residue  of  basic 

phosphate.  Pb''O.]fb«P«0».    (Gerhardt.  Ann.  Ch.  Pharm.  Ixviii.  286.) 

NiTBATB  OF  LiTHitric,  LiNO*. — ^The  anhydrous  salt  crystallises  at  15^  in 
rhombic  prisms,  like  nitrate  of  potassium ;  of  specific  gravity  2334,  according  to 
Kremera  (Pogg.  Ann. xdi.  620)  ;  according  to  Troost  (Ann.  Ch.  Phys.  [3]  li.  134), 
in  rfaombohedral  crystals,  K  .  oK,  having  the  angle  of  the  terminal  edgse  «  105^  40'; 
specific  gravity  2-442.  Below  10°  the  hydrate,  2LiNO'.5HK),  crystallises  in  thin 
deliquescent  prisms  (Troost).  The  salt  dissolves  easily  in  water  and  in  alcohol; 
the  solutions  taste  like  saltpe^,  but  very  pungent.  The  specific  gravities  of  solutions 
containing  various  proportions  nf  the  anhydrous  salt,  according  to  the  determinations 
of  Kremers  (Pogg.  Join.  cxiv.  41),  are  exhibited  in  the  following  table : — 

LIKOS  Bpeciae  srSTlty 

In  100  pU.  at  IS-ft^ 

67-6  1-2660 


0«.HH)    or  Pb*N«0«A"PH)«.2H«0,    U  ob- 


LiNO> 

8ped6c  wrnltj 

iolOOptS. 

itl»-&o. 

14-2 

10769 

56-7 

M346 

40-6 

11930 

77-4  1-3164 

Nitrate  of  lithium  easily  forms  supersaturated  solutions,  which  solidify  at  ]  **,  often 
tn  masses  of  slender  needles,  the  temperature  of  the  solution  rising  to  27°.  (Kremers.) 

KiTBATH  OF  MAOif»8iuii,Mg*0JI«0».6H*0orMg'T?*O-.6H«0.— Thissaltoccnn 
in  the  mother-liquor  of  the  saltpetre-plantations,  and  was  detected  by  Berzelius  in  the 
well-waters  of  Stockholm.  It  is  prepared  by  dissolving  Magnesia  alba  in  nitric  acid, 
and  crystaUises  from  the  concentrated  solution  in  deUquesceDt  rhombic  prisms  and 
needles  (monocUnic  according  to  Marignac).  soluble  in  f  pt.  cold  water  and  in  9  pts. 
alcohol  of  specific  gnvity  0840,  less  soluble  in  absolute  alcohol.  When  dried  over 
oil  of  vitriol,  they  give  off  4  at.  water.  They  melt  when  heated,  and  at  the  temperature 
of  melting  lead  give  ofl^  according  to  G^rabam  and  Chodnew,  5  at.  water,  leaving 
the  monobydrated  salt,  Mg^'O'.HK),  which,  at  a  still  higher  temperature,  gives  off 
the  rest  of  the  water  and  part  of  the    nitric  add,  leaving  the    trimoffneeic  eaU, 

jfyVH)*.  Einbrodt,  on  the  other  hand,  doubte  the  existence  of  the  mono- 
hydrnted  salt,  inasmuch  as  he  finds  that  the  hex-hydrated  salt  begins  to  give  off 
nitric  acid  before  it  has  parted  with  the  fifth  molecule  of  water. 

Nitrate  of  magnesium  forms  an  aloohoUUe,  Mg''NH)'.6C'H*0  (see  i.  80). 

NiTBATB  OF  Makoamisk,  Mn''0.NK)*.6HH)  or  lIn'T?«0«.6H*0.— White  longi- 
tndinally-striated  needles,  deliquescent,  and  soluble  in  alcohol 

NxTBATns  or  Mbbcust. — a.  Mereurie  nitrateM, — When  mercaric  oxide  is 
dissolved  in  excess  of  nitric  add,  and  the  solution  is  evaporated  at  a  gentle  heat,  the 
nonnai  •alt,  Hg"0.N*0*.2H«0  or  Hg^*0*.2H«0,  is  left  in  the  form  of  a  syrupy  liquid, 
which  retains  ite  constitution  unaltered  for  several  months.  By  further  evaporation 
over  oil  of  vitriol,  it  yields  bulky  deliquescent  crystals,  consisting  of  the  hydrate, 
2Hg^N'0*.HH},  whidi  easily  give  up  a  portion  of  their  add  {Handw.  d,  Chem.  vii. 
166).  According  to  C.  O.  Hitscherlich  {Gmdin'a  Handbook^  vi.  74),  the  crystals 
obtained  by  evaporating  the  add  solution  nf  the  normal  salt  consist  of  the   basic 
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Bait  fiefO.Hg^K)*.2H*0.     A  coneentiatod  aolution  made  as  neatnl   u  poMbb 

yielda,  when  cooled  to  i&<^,  Urge  colourless  rhombic  plfttea  with  on^fls  m  abint 
67°,  melting  at  6*6^  and  having  the  oompoaiUon  Hg'700*.8HH).  (Ditten.  JahitA. 
1854,  p.  366.) 

JBasie  saUa. — The  clear  liquid  obtained  bj  fusing  the  dTStals  of  the  octohjdiaU 
just  mentioned  deposits  the  salt  Hg'0.Hg^N*0*.8HK),  in  short  eoloorieas  needbs, 
which  become  opaque  when  exposed  to  the  air  and  white  bj  contact  vith  water.  Both 
this  salt  and   the   normal  salt  are    decomposed  bjr  water,  the    itimeratrie  adt. 


SHg''O.N'0*.H'0  or  Hg^N'O^JBH).  being  first  separated  as  a  white  polrenileiit  i 
and  afterwards  gradually  converted  into  red  mercuric  oxide.  The  trimercaiio  Mit  with 
1  9X,.  water  is  likewise  produced  by  heating  either  of  the  preceding  salts  till  it  is  eon- 
rerted  into  a  pulverulent  mass,  then  pulverising  it,  and  treating  it  seven  or  eight  tines 
with  cold  water.    It  begins  to  give  off  water  at  about  120°  C,  and  nitroai  tomtm  at 

2dO<>.   A  hexTMTcurie  nitraU,  6Hg^0.NK>*  or  SHgf  O.H^^NK)*,  is  obtained.  Aflocadii^ 
to  Kane,  as  a  brick-red  powder  by  boiling  the  llhmercnrie  salt  with  water. 

Normal  mercuric  nitrate  treated  with  ammonia  yields  a  number  of  nitrates  of  Bur- 
coTammuniums,  already  described  (iii.  917*  920). 

Double  8alt$  of  Mercuric  Nitrate,  a.  With  Mnvmrie  Cj^amtda.— 
Hg"(NO*)Cy.HK).— Produced,  according  to  Desibsse,  when  a  eolntion  of  mercnzie 
nitrate  is  mixed  with  cyanide  of  potassium,  and  crystallises  in  white  micacecma  scales. 

&.  With  Mercuru:  Iodide.     Hg^N^O^.Hgl*  (Louisville,  Bigel) ;  2HgfN«0-Jl^ 
(Preuss). — Obtnined  by  dissolving  the  iodide  in  a  boiling  solution  of  the  nitrate;  or 
by  treating  mercurous  or  mercuric  iodide  with  nitric  acid.    White  nacreous  ~'  ' 
which  are  decom^sed  bv  water  and  by  alcohol. 

Another  iodonitrate,  Hg^'0*.2Hg''I',  is  obtained,  acoording  to  Liebig,  in  i 
red  crystals  on  mixing  a  boiling  solution  of  mercuric  nitrate  with  half  as  much  iodide 
of  potassium  as  is  required  for  the  complete  separation  of  mercuric  iodide.  Ths  soliH 
tion  filtered  from  these  crystals,  mixed  with  a  little  nitric  add,  and  saturated  wfaik 
warm  with  mercuric  iodide,  yields  after  eome  days,  white  silky  needles  of  ths  oompaaBd 
2Hg'T^«0'.3Hg"I». 

AU  these  mercuric  iodonitrates  are  decomposed  by  water,  the  iodide  lepaiatuiff  and 
the  nitrate  dissolving.  When  heated,  they  melt,  give  off  nitrous  acid  and  a  aablimats 
of  mercuric  iodide,  and  leave  mercuric  oxide. 

y.  With  lodida  qf  8Uwr,  2Hg  "K<0'.4AgZ.H*0.  Separates  from  a  solntion  of  siItw^ 
iodide  in  hot  aqueous  mercuric  nitrate,  in  slender  needles  which  are  deeomposed  bj 
water. 

8.  With  Mercuric  Phosphate.  This  double  salt  is  formed  by  mixing  a  solvlion  of 
sodium-phosphate  with  excess  of  mercuric  nitrate. 

«.  With  Mercuric  Phwfphide,  3(HgTf»OMIflrO).^'P«.  Produced  bj  paani^ 
phosphoretted  hydrogen  gas  through  a  dilute  acid  solution  of  mercuric  nitrate.  After 
washing  with  water,  it  forms  a  yellow  powder,  which  must  be  dried  in  a  Taennnu  It 
detonates  vrith  great  violenra  when  heated,  less  strongly  by  percussion;  also  in  chloriBS 
gas.  probably  in  consequence  of  heat  developed  by  the  chemical  action  which  ensoes. 

C  With  Mercuric  Sulphide,  Hg"NH>.2Hg"S.  Sulphydric  acid  gas  passed  thtoogh 
a  solution  of  mercuric  nitrate  in  quantity  not  sufficient  for  complete  decomposition  pn^ 
duces  a  white  precipitate  which  must  be  washed  with  water,  and  then  dried ;  if  the 
washing  is  continued  beyond  a  certain  time,  the  compound  begins  to  decompose  and 
turn  yellowish.  Ah  excess  of  sulphydric  acid  converts  it  wholly  into  black  mercvrii 
sulphide.  It  is  likewise  decomposed  and  blackeoed  by  aqueous  carbonate  of  potassiam 
or  sodium.  Hot  nitric  acid  decomposes  it  with  formation  of  sulphnrio  add. 
(H.Rose.) 

Mercurous  Nitrates.  The  normal  salt,  (Hg«)''(N0»)«.2H«0,  is  formed  by  pro- 
longed digestion  of  metallic  mercury  in  excess  with  cold  moderately  strong  nitric  add* 
and  separates  in  colourless, somewhat  efflorescent,  monodinic  crystals.  According  to 
Gorhardt  and  Marignac  (Jahresb.  1849,  p.  286).  the  same  salt  is  formed  when  the 
liquid  is  moderately  warmed ;  it  is  best  however  to  decant  the  solution  as  soon  aa  the 
first  \*iolent  action  has  somewhat  subsided,  and  leave  the  still  liquid  acid  to  crystaUiiie 
by  cooling.  It  sometimes,  according  to  Gorhardt,  deposits  prismatic  crystals  of  a  basic 
silt,  but  these,  if  left  in  ihe  liquid,  are  gradually  converted  into  the  normal  Halt.  The 
lattor  is  soluble  without  decomposition  in  a  small  quantity  of  water,  but  a  laignr 
quantity  converts  it  into  a  basic  salt  When  heated  with  water  it  is  resolved  into 
nitric  peroxide  and  mercuric  oxide ;  Hg'N'O*  »  2HgO   +   2NG^ 

Basic  aalt*. — The  above-mentioned  prismatic  crystals  which  sometimes  separatee 
ftcct^rdiug  to  Qerhardt,  from  the  solution  of  excess  of  mercury  in  warm  dilute  nitrio 
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ftdd,  are  moat  nadily  obtained,  according  to  Marignae,  when  the  crytttaXa  of  the  normal 
mU  are  wanned  in  their  mother-liquor,  in  contact  with  excees  of  mercurr,  and  the 
•olution  is  then  left  to  dTetalliae  by  cooling.  (Thn  following  basic  salt  is  oflen  formed 
at  the  eame  time.)  The  crfBtals  are  coionrleee,  shining,  non-effloreecent  prisms, 
belonging  to  the  trimetric  system.  Gerhardt  &nd  Marignac  obtained  the  same  reaulta 
by  the  analysis  of  these  crystals;  nererthelees  they  are  regarded  by  Gerhardt  as 
Hg^0.2Hg*(N0«)«^»0,  and  by  Marignac  as  Hg*0.3H|f  (NO")».HK). 

Another  basic  mercuzons  nitrate,  HgK).Hg^NO*)'.H'0  (Gerhardt),  3Hg*0. 
SHg'(N0*)'.2HKl  (Marignac),  is  obtained  when  the  salt  produced  by  the  action  of 
nitric  peroxide  vaponr  on  mercury  is  triturated  with  a  small  quantity  of  water,  and  the 
mixture  then  heated  to  boiling ;  also  when  normal  mercnrons  nitrate  is  suspended  in 
water  and  the  water  heated  to  boiling ;  also,  according  to  Marignac,  when  the  solution 
or  mother-liquor  of  either  of  the  preceding  salts  is  boiled  for  several  hours  with  excess 
of  mercunr,  the  water  being  replaced  as  it  evapoiates ;  or  when  the  cmtals  of  either  of 
the  preceding  salts  are  left  to  stand  for  several  hours  in  contact  with  their  mother- 
liquor  and  excess  of  mercury.  The  czystals  are  triclinic,  permanent  in  the  air,  colour- 
less, hard  and  shining.     (Gerhardt,Marignac,  he.  eii.) 

Lefort,  by  prolonged  aigestion  of  mercury  in  excess  with  dilute  nitric  add  at  40^ 
— 50^,  or  by  evaporating  the  product  of  the  action  of  strong  nitric  acid  on  excess  of 
mercury  to  dryness,  and  treating  the  residue  with  boiling  water,  obtained  a  salt  which 
formed  large  prismatic  crystals,  perhaps  identical  with  those  obtained  as  above  by 
Gerhardt  and  Marignac    Lefort,  however,  regards  them  as  Hg*0.Hg*(K0*)*.2HK). 

By  the  action  of  cold  water  on  thepreceiding  salts,  Gerhardt  and  Muignac  obtained 
a  light  yellow  powder  consisting  of  Hg'O.Hg^O')**HK>,  as  previously  established  by 
Kane.   Gerharat  regards  it  as  the  above-mentioned  triclinic  salt  in  the  amorj^ous  state. 

Mitscherlich  has  described  another  salt,  HgK>.2Hg>(N0*)*,  which  is  periiaps 
identical  with  the  salt  Hg*0.2Hg*(N0*)*.HK),  obtained  by  Gerhardt  {vid,  sup.). 
Mitscherlich  obtained  it  by  leaving  cold  dilute  nitric  add  in  contact  with  excess  of 
uercniy,  till  the  crystals  of  the  normal  salt  which  form  at  first,  dissolve  and  are 
replaced  by  others.  Crystals  of  diflbrent  form,  but  of  the  same  composition  (there- 
fore dimorphous^  are  formed,  according  to  Mitscherlich,  when  the  normal  mercorous 
salt  is  warmed  with  mercnrons  oxide  and  water  oontaining  a  little  nitric  add.  In  this 
way,  large  limpid  czystals  are  obtained  which  dissolve  in  a  small  quantity  of  water, 
but  are  decomposed  by  a  Large  quantity,  either  cold  or  hot. 

The  solution  of  mercurous  nitrate  is  predpitated  by  ammonia,  Yielding  a  black  pre- 
dpitate  of  ver^  variable  oomposition,  constituting  the  so-called  Mgrcuriut  *olmoUi$ 
Haknemanm  (iii.  930). 

Mercurous  nitrate  forms  double  salts  with  the  nitrates  of  barium,  strontium  and  lead. 

Thalead-MU,  2Pb'7TO«.[Hg«0.Hg»(N0«)l  or  |^[^o*^*.  »  obtained,  according  to 

Stadeler,  on  mixing  a  moderately  eonoentrated  solution  of  mercnrons  nitrate  with 
nitrate  of  lead,  as  a  white  heavy  predpitate  consisting  of  microscofne  octahedrons  with 
cubic  modification :  dilute  solutions  yield  it  in  lar^  crystals  having  an  adamantitte 
lustre.  It  dissolves  without  alteration  in  boiling  nitric  add,  but  is  decomposed  by  pure 
water,    ^e  barmm'  and  ttromtittm-MUt  are  similar  in  form  and  composition. 

Mawroto-merciuno  nUraU,  HgH}.2Hg''0.KK>*  or  ?Hg'^^0^  is  formed  by  the 


gradual  oxidation  of  mercurous  nitrate ;  also  when  1  pt  of  mercury  is  IxAied  with 
\\  pt.  nitric  acid  of  specific  gravity  1*2  till  completely  dissolved  (Wit*,stock).  Ac- 
cording to  Gerhardt  (Jahresber.  1840,  p.  285),  the  light  yellow  salt  which  covers  the 
hotter  parts  of  the  sides  of  the  vessel  in  which  mercurous  nitrate  is  evaporated,  consists 
of  this  mercuroso-mercuric  salt;  the  same  chemist  obtained  it,  with  evolution  of  nitric 
oxidc^  by  Aising  normal  mercurous  nitrate. 

NiTBATiB  or  MoLTsnairuK. — Moijfbdie  nitraU  is  obtained  in  solution  by  satu- 
rating nitric  add  with  molybdie  hydrate,  or  by  digesting  metallic  molybdenum  in 
dilute  nitric  add.  It  cannot  be  obtained  in  the  solid  state,  as  the  solution  when  con- 
centrated beyond  a  certain  point,  gives  oflf  nitric  oxide  and  leaves  molybdie  ucid. 

Molybdous  niiraU  is  obtained  by  dissolving  molybdous  hydrate  in  dilute  nitric  add ; 
if  the  hydrate  is  in  excess,  a  bade  salt  is  formed.  The  solutions  are  very  unstable 
and  qui<^y  decompose,  depositing  molybdie  add.    (Berselius.) 

Permolyhdie  nitrate  or  nitrate  </  vilybdic  add  is  obtained  by  dissolving  molybdie 
anhydride  in  nitric  acid  (iii.  1037). 

NiTBATB  or  NiCKBL.  Ni'dTO^-eHK) or Ni'TJ«0«,6H«0.—Kmerald-green eight- 
sided  prisms,— monodinic^  accoxding  to  Marignac, — which  effloresce  in  dry  and  de> 
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juMee  in  maitt  air,  disaolring  in  2  pta.  of  cold  water,  also  in  aleohot,  and  vbft 
iftted  leare  a  yellowiBh-green  pulrernlent  banc  aalt,  thra  peroxidA,  And  ftullj 
■otozide  of  nickel. 
An  ammonuxcal  nUraU   of  nickd,  Ni"KH}*.4NH*.HK)  (or  3HH)   aeeovdiiUE  t* 

anrent)  »  H"      1-/^.,  is  deposited  in  octahedral  crntals,  horn  a  warm  em- 

ntrated  solution  of  nickel  nitrate  in  ammonia.  The  exTstaU  when  axpOMd  to  the 
r,  giTe  off  ammonia  and  crumble  to  a  bluish-white  powder  (Erdman,  Omtdm*i 
anabook,  t.  384). — This  salt  unites  with  chloride  of  nickel-ammoninin,  fbrmsag 
ther  large  azure-blue  octahedrons  of  the  double  salt,  6{Ni'7^*0*.4NH".H'0)  -t- 
!m*.NiCi<  (R.  Schwars,  J.  pr.  Chem.  li.  319 ;  Jahresb.  1850.  p.  881). 

NiTBATB  or  OsvinM.  08^*0*. — Osmious  hydrate  dissolves  with  giwen  ooVwr 
1  cold  nitric  acid,  and  the  saturated  solution  dries  up  on  eraporation  to  &  gnea 
ansparent  varnish.     (Be  rse  I  ius.) 

NiTBATi  OF  Palladium.  Pd*N»0*. — Cold  nitric  add  slowly  diflaolves  palla*> 
lum,  without  evolution  of  nitric  oxide,  the  liquid  becoming  cbaiged  with  nitrooa  acid; 

the  liquid  is  warmed,  solution  takes  place  more  quickly,  with  evolution  of  nitarie 
dde.  The  brown  solution  evaporated  to  a  syrup,  and  then  left  over  oil  of  vitriol,  * 
jposits  long  narrow  rhombic  prisms,  of  brown-yellow  ccdour,  and  very  deliquevoentL 
rom  a  dilute  solution,  the  whole  of  the  palladium  is  gradually  depositrd  in  the  Ibnn 
!  a  basic  salt  By  evaporation  between  100°  and  120°  also,  the  norzoal  salt  is 
most  wholly  converted  into  a  basic  salt.  If  the  solution  is  evaporated  at  a  lovtam- 
»rature,  and  the  residual  salt  treated  with  water,  a  turbid  solution  is  obtained,  and  a 
tsic  salt  remains  behind,  which  according  to  Fischer,  is  completely  converted  into 
cide  by  heating  to  120** — 130°.  For  the  basic  salt  precipitated  from  the  solution  of 
le  normal  salt  by  water  or  by  a  small  quantity  of  potash,  Kane  gives  the  fbmmla 
Pd''0.NK)».4H«0. 

The  nitrates  of  the  palladammoniums  will  be  described  onder  FaxxADmc-BASOt 

MHOMIACAL. 

Nitrates  of  PLATiNtrK.  Platinie  Nitrate,  PtO«.2NH)«  or  Pt"(NO")\  is 
stained  by  dissolving  platinie  hydrate  in  nitric  acid,  or  better  by  deoompoaizig  tfaa 
ilphate  with  nitrate  of  barium,  or  by  mixing  the  chloride  with  nitrate  of  potaasinm 
}  long  as  a  precipitate  is  thereby  produced,  a  third  of  the  platinum  preoeut  baing 
kert'by  converted  into  platinie  nitrate.  The  decanted  dark  brown  liquid  yielda  by 
raporation,  a  mass  of  the  thickness  of  honey,  which,  after  evaporation  to  ilijiiMi, 
isBolves  only  partially  in  water,  leaving  a  basic  salt. 

For  the  nitrates  of  the  platinHmmoniums,  see  PLATiNinc-BASxs,  Akmoxiaoai^ 

PoUt9$io-fiatinic  nitrat€. — When  caustic  potash  is  added  to  a  solution  of  pl^Hi^i^ 
itrate,  only  half  the  base  separates  as  hydrate,  the  rpst  us  a  basic  double  salt  of  zaneh 
ghter  colour  than  the  hydrate.  Sodio-platinic  nitrate  is  known  only  in  solution.  It 
t  formed  by  decomposing  sodio-platinio  chloride  with  hydrate  of  sodium,  at  a  heat 
elow  redness,  washinf^  out  the  resulting  chloride  of  sodium  with  water,  and  diaaolviH 
le  residual  Hodio-platinic  oxide  in  nitric  acid.  The  dark  yellow  solution  yieUi%  witA 
itrate  of  silver,  a  yellow  precipitate  soluble  in  nitric  acid.     (Doberein  er.) 

Platinoua  nitrate. — Platinous  hydrate  dissolves  in  dilute  colourless  nitric  acid, 
od  the  green-brown  solution  drif^  up  to  a  viscid,  greenish,  dark  brown  mass,  in  which 
Utinic  oxide  is  gradually  formed  at  the  expense  of  the  nitric  acid,  and  more  abon- 
sntly  as  the  acid  is  in  greater  excess.     (Berzelius.) 

NtTRATB  OP  Potassium.  KNO*.  Saltpetre,  Niire^  Prismatic  Saltpetrt^  Potash^ 
itrfy  Hitrumjiseum. — This  salt  is  very  widely  diflfiised  as  a  natural  product,  occorrins 
instantly,  though  in  small  proportion  only,  as  a  constituent  of  vegetable  soil,  and 
ccording  to  Boussingault  (Compt.  rend.  xliv.  108-119)  of  spring  and  river  water. 
\,  is  never  found  in  birge  beds  like  nitrate  nf  sodium;  but  reins  of  it  occur  in  the 
indstone  of  Bradford  County,  Pennsylvania  (EUct,  Edinb.  Phil.  J.  Ivii.  387).  The 
lialk  and  other  recent  calcareous  formations  are  nurticularly  rich  in  saltpetre.  On 
le  banks  of  the  Seine,  near  Roohp-Guyon  and  MouNSfau,  there  are  sevend  caree 
'hich  are  used  as  stables ;  in  the  front  pan  nf  these  caves,  looking  towards  the  south, 
le  saltptre  accumulates,  especially  during  the  summer  season,  and  in  such  quantity 
lat  it  IS  collected  several  times  in  a  year,  and  continually  reproduced.  Lavoisier  found 
I  the  earth  taken  from  the  cave  of  Fouqni^ros,  3J  per  cent,  and  in  that  of  Monsseau,  df 
er  cent,  nitrate  of  potassium,  after  the  aqueous  extract  of  the  narth  had  been  treated 
ith  potash  to  convert  the  nitrates  of  calcium  and  magnesium  into  nitrate  of  potHssium. 

The  saltpetre  caverns  of  Oylon,  which  are  natural  caves  in  a  dolomitic  rock  con- 
dning  felspar,  are  of  especial  'importauco.    Some  of  these  caves,  like  that  of  Boullat- 
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wellflgode,  are  the  resort  of  large  flocks  of  bats,  whose  exeramAnt  oollects  in  them :  in 
others,  as  in  that  of  Memoora,  there  are  none  of  these  anisuls.  Davy  found,  in  a 
ffpedmen  of  rock  from  this  cave,  2-4  per  cent  nitrate  of  potassium,  0*7  nitrate  of  mag- 
nesium, 0*2  sulphate  of  magnesium,  26-6  carbonate  of  calcium,  0-4  water,  and  60-8  of 
residue  insoluble  in  dilute  mtric  acid,  and  consisting  of  quarts,  mica  and  tale.  Similar 
caves  are  found  to  exist  on  the  coast  of  the  Adriatic,  in  Ital^  (Palo  di  StofettaX 
in  Tennessee,  Kentucky,  on  the  Hissouri  and  Crooked  Biveza  u  North  Amscifia,  in 
Africa,  and  in  Teneriffe. 

In  South  America,  and  in  some  districta  of  India,  Arabia,  Persia,  Spain,  and  Hub- 
garj,  the  mode  of  occurrence  of  saltpetre  is  somewhat  different.  In  these  districts, 
nitrates  are  fbund  widely  disseminated  through  the  soil,  but  never  extending  to  any 
great  depth  bdow  the  surface,  not  lower,  indeed,  than  the  air  can  easily  penetrate. 
The  infiltration  of  rain  and  dew  dissolves  these  salts,  and  the  solution  rising  to  the 
Burfsoe  by  capillary  action,  is  evaporated  by  the  action  of  the  sun  and  air,  and  forms 
an  efflorescence  on  the  surface.  In  Bengalese  saltpetre  earth,  from  the  district  of 
Tirhit,  Davy  found  8*3  per  cent  nitrate  of  potassium,  3*7  nitrate  of  calcium,  0-8  sul- 
phate of  oaleinm,  0'2  chloride  of  sodium,  36*0  carbonate  of  calcium  with  traces  d 
magnesium,  12*0  water  with  a  little  organic  matter,  and  40-0  mutter  insoluble  in 
nitric  add  The  soil  in  some  parts  of  Spain  is  also  impregnated  with  saltpetre,  aa  in 
JBTew  Qutile,  Armgon,  Catalonia,  La  Mancha,  Granada,  &e. 

The  formation  of  nitric  acid  in  these  several  localities  is  in  all  probability  due  to 
the  oxidation  of  ammonia  (pL  83) ;  for  the  production  of  saltpetre  is  always  found  to 
take  place  most  abundantly  where  there  is  a  large  quantity  of  vegetable  or  animal 
matter  in  a  state  of  putrefaction,  or  where  the  air  contains  a  considerable  quantity  of 
ammonia  resulting  from  such  decomposition.    Hence  it  is  that  the  quantity  of  sal^ 

C  naturally  produced  in  tropical  climates  veiy  far  exceeds  that  which  is  formed  is 
pe,  the  luxuriant  vegetation  of  the  tropics  supplying  a  nerer-fiuling  source  of  am- 
monia, while  the  high  temperature  and  the  moisture  of  the  air  facilitate  its  oxidation. 
An  indispensable  condition,  however,  for  the  formation  of  nitrates  in  large  quantity,  iw 
the  presence  of  alkaline  or  earthy  bases  to  fix  the  nitrio  add  as  soon  as  it  is  formed  * 
in  the  absence  of  such  bases  indeed,  and  under  the  reducing  inflasnce  of  organic  mattei; 
nitric  add  already  formed  may  be  reconverted  into  ammonia:  hence  the  non-pro 
duction  of  nitrates  in  dung-heaps,  where  earthy  matters  are  not  present 

This  theory  is  quite  in  accordance  with  the  eonditions  which  are  found  essential  to 
the  artificial  production  of  saltpetre  in  temperate  cUmateo,  as  in  the  saltpetre  plantations 
already  described  (p.  83),  these  conditions  being  an  abundant  supply  of  ammonia,  the 
presence  of  earthy  and  alkaline  bases,  free  access  of  air,  and  a  mean  temperatura  not 
lower  than  16°— 20O. 

The  solution  obtained  by  h'xiviating  the  saHpetre-eartJk  thus  formed  consists,  as 
already  observed,  chiefly  of  the  nitrates  of  cudum  and  magnesium,  with  smaller 
quantities  of  the  niteates  of  potassium  and  sodium,  besides  alkaline  chlorides.  It  ia 
treated  with  carbonate  of  potassium  (potashes)  to  convert  the  earthy  nitrates  into 
nitrate  of  potasdnm,  which  is  deposited  in  an  impure  state  from  the  filtered  solution 
by  crystallisation. 

Natural  saltpetre-earth  is  treated  in  a  similar  manner  with  wood-ashes,  when  the 
earthy  nitrates  predominate  in  it;  that  of  Bengal  however,  which  is  rich  in  nitrate  of 
potaaaium,  does  not  require  this  treatment,  the  saltpetre  being  extracted  from  it  merely 
by  lixiviation,  boiling  and  crystalliBation. 

The  crude  saltpetre  thus  obtained  is  contaminated  with  the  chlorides  of  potassium 
and  sodium  (sometimes  to  the  amount  of  26  per  cent)  besides  organic  (so-called 
extractive)  matter.  To  remove  these  impurities,  which  are  exceedingly  objectionable 
in  all  the  applications  of  saltpetre,  whether  for  the  preparation  of  nitric  acid  or  the 
manufacture  of  gunpowder,  the  crude  saltpetre  is  subjected  to  a  refining  process. 

The  greater  part  of  the  chloride  of  sodium,  which  always  constitutes  the  greater 
part  of  the  impurities  present,  and  is  much  less  soluble  in  boiling  water  than  nitrate 
of  potassium,  is  separated  bv  treating  the  crude  saltpetre  with  a  quantity  of  boiling 
water  suffident  to  dissolve  the  whole  of  the  nitrate  of  potassium,  but  not  the  whole 
of  the  chloride  of  sodium.  Thus,  suppose  6,000  lbs.  of  the  crude  salt  containing 
6  per  cent,  chloride  of  calcium  and  14  per  cent  chloride  of  sodium  to  be  treated  with 
12,000  lbs.  of  boiling  water;  the  solution  will  then  take  place  in  the  following  miinner: 

The  18,000  IbR.  of  water  Mr* 
capable  of  dutol*i»g 
At  100°: 
Ihi.  Ibi. 

Chloride  of  potassium        .         .  360        .        .  684 

Chloride  of  sodium    ,        .        .  840        .         .  324 

Nitrate  uf  potassium  .        4800        .        .        4800 

6000 
H  2 
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There  will  then  remain,  when  the  water  has  oeaaed  to  aet,  840  -  S24  »  'f  16  Ite, 
of  chloride  of  sodiam  nndissolTed.  Tim  residiul  salt  is  scooped  cot  of  the  pan,  and 
the  solution,  after  being  dilated  to  a  certain  extent,  is  boiled  with  ghie»  to  eoagoUta 
the  extractive  matters  and  cause  them  to  rise  as  a  scorn  to  the  snimDe.  This  hftvisg 
been  remoTedf  the  concentrated  solution  is  transferred  to  the  crystwltimiig  pan,  ia 
which  it  is  left  to  cool,  and  as  soon  as  crystallisation  begins,  the  liquid  is  constant^ 
stirred,  bo  as  to  prevent  the  formation  of  lar^  cijstals  (which  woald  inclose  eoosi- 
derable  quantities  of  mother-liquor  in  their  cavities)  and  cause  the  nitzmte  of  potaaainm 
to  separate  out  in  the  form  of  a  cr3r8talline  powder  called  $altpcirt-fiour»  Bj  this 
means,  a  mass  of  minute  oystjUs  uf  nitrate  of  poUasiom  is  obtained,  merely  eontami- 
nated  with  adhering  mother-liquor,  which  is  easily  removed,  partly  by  drainine.  and 
finallv  by  washing  with  a  saturated  solution  of  pure  nitrate  of  potamnm,  whicli,  though 
unable  to  take  np  any  more  of  that  salt,  is  still  capable  of  dissolving;  the  alkalino 
chlorides  contained  in  the  adhering  mother^liquor.  It  then  only  remauiB  to  dry  the 
purified  sal^tre  by  heat. 

Produetpm  of  Nitrate  of  Potastium  from  Chile  Saltpetre, — ^Kitrate  of  sodimn  ia 
easily  converted  into  nitrate  of  potaasiam  by  adding  it  to  a  hot  eoncentrated  aolntioa 
of  carbonate  of  potassium.  An  immediate  precipitation  of  carbonate  of  sodiom  takes 
place,  and  if  this  be  removed  as  long  as  it  continues  to  sepantc  on  farther  BrmpontioB, 
and  the  remaining  solution  left  to  cool  in  the  nystalliidng  pans,  ealtpetre-Jiowr  i$ 
obtained,  which  meruly  requires  washing  and  drying  as  above  describea  to  render  it 
pure.  100  lbs.  of  nitrate  of  sodium  require,  according  to  the  parity  of  the  salt,  froB 
80  to  100  lbs.  of  carbonate  of  ^tassinm. 

This  mode  of  preparation  is  much  easier  than  those  already  deseribed,  and  ia 
localities  where  potash  is  not  too  expensive,  is  now  extensively  adopted.  The  chief 
difficulty  experienced  in  carrying  it  out  arises  from  the  presence  f»  common  salt  in 
Chile  saltpetre :  for  if  more  potash  be  added  than  is  required  to  decompose  the 
nitrate  of  sodium,  the  excess  decomposes  chloride  of  sodium  to  no  purpose ;  and  in  the 
contrary  case,  the  product  is  likely  to  be  contaminated  with  undecomposed  nitrate  of 
sodium.  The  beat  way  of  averting  this  inconvenience  is  to  purify  the  nitrate  of  sodioa 
by  previous  ciystallisation. 

Some  roani^acturers  render  the  potash  caustic  by  means  of  hme  before  mi^Tng  it 
with  the  nitrate  of  sodium,  and  after  keepii^  the  mixed  solution  in  a  state  of  ebnllitios 
for  some  time,  leave  it  to  cool  slowly  in  a  closed  vesML  Nitrate  of  potaasiam  then  eqr** 
tallises  out,  and  caustic  soda  remains  in  solution. 

In  Belgium,  large  quantities  of  saltpetre  are  obtained  by  decomposing  mtzats  of 
sodium  with  potash  obtained  &om  the  ashes  of  the  beet-root  sugar  manu&otnrs.  The 
nitrate  of  potassium  from  this  source  is  very  pure,  and  is  produced  at  a  very  low  prid& 

Nitrate  of  sodium  may  also  be  converted  into  nitrate  of  potassium  by  donble  decom- 
position with  chloride  of  potassium  in  equivalent  proportions  (74*7  pts.  KCl  to  85  pto. 
of  NaNO").  On  evaporating  the  mixed  solutiun,  chloride  of  sodium  separatee  ont  lUs^ 
while  nitrate  of  potassium  remains  in  the  mother-liquor,  and  crystallises  on  cooling 

Propertiee. — Nitrate  of  potassium  is  dimorphous.  It  usually  crystalliaea  fiom  con- 
centrated aqueous  solution  in  long  six-sided  priums  belonging  to  the  trimetric  syatem,  and 
frequently  exhibiting  the  combination  ooP.  oofoo  .  2Pao  .foo  .P(flff,  268,CB;TaTAixo- 
QRAPtfT,  li.  147  \  or  tne  same  without  j^oo  ;  also  without  P.  The  combinations  P  .  2l^ao  . 
QoP  .  ooPoo ,  and  P  .  2l><»  likewise  occur.  Ratio  of  axee  axbic  «  0*589  :  1  : 
0*701.  P  :  P  in  the  bntchydia0>nal  principal  section  =  131°  27';  (macr.)  —  91^  29*; 
(basal)  -  108°  12';  <»P  :  »P  •  61°  0';  P«  :  JPoo  (basal)  -  70*»4';rf<io  :  aPoo 
(basal)  «  109.  Cleavage  imperfect  parallel  to  oeP;  somewhat  easier  parallel  to  Pod  . 
Specific  gravity,  "=  2U  (Kopp) :  21006  (Karsten) ;  2100  (Schiff);  2-086 
(Schroder).  The  crystals  are  anhydrous,  but  often  contain  mother-liquor  inclosed 
in  their  cavities.  Nitrate  of  potassium  ub«o  cryiitallises  in  ihnmbuliedral  forma  resem- 
bling ordinary  calcspar.  Frankenheim  (Pugg.  Ann.xcii.  354)  observed  that  when  a 
drop  of  saltpetre  solution  is  1<^  to  evaporate  under  the  microscope,  rhombohednd 
cryHtals  make  their  appearance,  together  with  the  ordinary  prismatic  ciystals  ;  if  the 
evaporation  takes  place  very  slowly,  the  crystals  are  almost  wholly  rhombobedn],  and 
these  if  touched  with  a  prismatic  crystal,  immediately  become  turbid  and  are  converted 
into  a  mass  of  prismatic  crystals.  On  the  other  hand  a  prismatic  crystal  of  saltpetre 
nmv  be  converted  into  a  muss  of  rhombohedral  crystals  by  heating  it  nearly  to  its 
melting  point  All  these  phenomena  may  be  very  distinctly  observed  by  means  of 
the  polansing  microscope. 

>itruto  of  potassium  is  white,  inodorous,  and  has  a  cooling  bitter  taste.  When 
perfectly  pure  it  dissolves,  according  to  Gav-  Lussac,  in  74  pts.  waterat  0°,  in  nearly 
3^  pta  at  18°,  in  \\  pt  at  46°,  in  less  tha*]  \  pt.  at  90°»  and  in  0*4  pt  at  100°. 
According  to  H.  Schif f  (Ann.  Oh.  Pharm.  cvii.  293)  the  specific  gravities  of  aqneoas 
solntioas  of  nitrate  of  potassium  of  various  st^'ngths  are  as  follows : 
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Wdgbt  of  KNO*  Spcdfc  gnwitj 

In  100  Mt.  of  of  ■oluUoo 

aotutlon.  at  11**. 

24*98  .  ,         11683 

1663         .  .         1*1073 

11*08  .  .        1'0696 


W«lglit  of  K  NO*  Speeiac  s^Tltf 

lolOOpU.of  .        ofwIoClcNi 

•oluthm.  at  si*. 

8-31  .  .         1-0510 

6-64  ,  ,        1-0337 

2-77  .  .        1-0170 


Velfht  nf  iDhTdroua 
atcobo)  In  100  pu. 

WelRht  or  KNO> 

hi  100  pu.  of  solution 

ofiptrtl. 

laiurtftad  at  IftO. 

0         .         , 

20-6 

10         . 

13-2 

20        . 

8-5 

80        • 

5-6 

According  to  Eremers  { JalireBb.  1861,  p.  61),  the  aperific  graTitj  at  19-6°  of  solation 
of  saltpetre  cootaining  127  per  cent  of  aal^tre,  ie  1-0696;  of  a  23*7  per  cent 
■olotion,  1*1275.  It  is  sparingly  soluble  in  aqueous  alcohol,  quite  insolnble  in  absolute 
alcohol — Schiff  {ibid.  p.  87)  has  made  the  following  determinatiooa  of  the  solubilitjr 
of  nitrate  of  potassiam  in  npirits  of  wine  of  TariooB  strengths : 

Wal|ht  of  anhrdrous  Wet^t  of  K  NO*  hi 

aloobol  fa  100  pU.  100  pu.  oftotutma 

of  spirit.  ucurated  at  IfiO. 

40         ,  .         .         4-3 

60         .  .         •         2-8 
60         ...         1-7 

80        .  ,        .        0-4 

(See  further,  Siortr>s  VicHonary  of  SdufnUHea^  p.  389.) 

Nitrate  of  potassiam  melts  b«low  a  red  heat  without  loes  to  a  oolourlees  liquid,  which 
■olidifies  on  cooling  to  a  white  opaque  fibrous  mass  called  in  commerce  Mineral 
erystalt  JUitrum  tabulatum,  SalpruneiUt;  the  commercial  product  often  howerer  contains 
nitrite  of  potassium,  in  consequence  of  too  much  heat  aa-nng  been  employed  in  tb« 
fusion.  At  a  red  heat,  saltpetre  gives  off  oxygen  gas,  at  firvt  tolerably  pure,  but  after- 
wards oontaminated  with  a  rontinually  increaaing  qu^ntitT  of  nitrogen,  and  is  thneby 
converted  first  into  nitrite,  then  into  a  mixture  of  protoxide  and  peroxiile  of  potassium. 
Saltpetre  deflagrates  in  the  fire  with  charcoal  and  other  combustible  bodies ;  w 
aolpnur,  phosphorus,  iron,  sine,  &c. ;  and  even  oxidises  gold,  silver,  and  platinum. 
By  ignition  in  contact  with  copper  foil,  it  i«  converted  into  nearly  pure  protoxide  of 
potassium,  wliich  when  diasolvwl  in  water,  yields  caustic  potash.  Iron,  at  a  red  heat, 
oeoomposee  the  saltpetre  quite  as  eaailv  aa  copper,  but  the  product  is  oontaminated 
with  tae  foreign  subatanoes  present  in  the  iron.  (Wohler,  Ann.  Ch.  Fhann.  Ixxxvii 
173.) 

On  the  oxidising  power  of  saltpetre  at  a  red  heat  depends  its  use  in  the  manoikctare 
of  gunpowder  (ii.  9661  and  other  explosive  mixtures.  It  is  frequently  also  employed 
in  the  preparation  of  iuc\fer  matches  instead  of  chlorate  of  potasaium,  and  has  the  ad- 
vantage of  producing  a  composition  which  ignites  by  friction  without  the  inconvenient 
and  dangerous  projection  of  burning  particles,  which  often  takes  place  on  the  ignition 
of  ordinary  matches  made  with  the  chlorate. 

ValuctioH  of  Saltpetre. — For  the  various  applications  of  saltpetre,  and  especially  for 
the  manu&cttire  of  gunpowder,  it  is  important  to  possess  a  ready  method  of  ascertaining 
its  relative  purity.  One  of  the  oldest  methods  is  thatof  Schwarz,  adopted  in  Sweden, 
vhich  is  based  upon  the  appearance  of  the  fractured  sur&ce  of  the  melted  sale,  that  of 
pure  nitrate  of  potassium  being  coarsely  tadiats,  whereas  when  chloride  of  sodium  is 
present,  this  structure  becomes  less  distinct,  and  with  3}  per  cent,  of  that  salt,  is  visible 
At  the  edges  only,  the  interior  of  the  mass  being  amorpnous.  This  crude  method  is 
called  the  rrfractum  of  taUpeire,  a  term  which  has  been  somewhat  strangely  extended 
to  other  methods  of  valuation.  In  France  Biffault's  method  is  sometimes  used, 
which  consists  in  washing  a  weighed  (quantity  of  the  saltpetre  with  a  saturated  sc^ution 
of  pure  nitrateof  potassium  at  16° ;  this  solution  extracts  the  chlorides,  leaving  the  pure 
nitrate,  which  is  drained  from  mother-liquor  on  slabs  of  gypsum,  then  vied  and 
weighed.     This  method,  like  the  preceding,  can  give  only  rough  approzimations. 

A  more  exact  method  is  that  of  Oay-Lussac,  which  consists  in  igniting  1  pt.  of 
the  saltpetre  with  ^  pt  charcoal  and  4  ptA.  common  salt  to  moderate  the  acticm.  The 
nitrate  is  thereby  converted  into  carbonate,  the  amount  of  which  can  be  estimated  by 
titration  with  standard  sulphuric  add.  Errors  may  however  arise  in  this  process,  partly 
from  a  portion  of  the  nitrate  remaining  undeeomposed,  partly  from  formation  of  cyanide 
of  potassium;  but  according  to  Abel  and  Bloxam  (Chem.  Soc.  Qu.  J.  ix.  97),  ex- 
act results  maybe  obtained  by  the  use  of  vex^  finely  divided  carbon,  namely  Broaie*s 
prepared  graphite  (i.  758),  the  proportions  beioE  20  pta.  saltpetre,  5  graphite,  and  80 
ehloride  of  sodium.  If  the  saltpetre  contains  sulphates,  which  wlU  be  reduced  to  sul- 
phides by  ignition  with  carbon,  a  small  (quantity  of  clilorate  of  potassium  must  be 
iq>rinkled  on  the  surface  of  the  mass  immediately  after  removal  from  the  fire ;  the  sul- 
phides will  be  thereby  completely  reconverted  into  sulphatee. 

The  quantity  of  nitrate  of  potassium  in  a  sample  of  commercial  saltpetre  may  also 
be  cfftimatM  by  Pelouze'  s  method,  depending  on  the  oxidation  of  ferrous  chloride  by 
nitric  acid  (p,  87X  or  by  igniting  the  saltpetre  with  silica  or  anhydrous  botaz  (p^  86). 
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a  Austria,  saltpetre  is  assayed  by  the  method  of  CTaa^  founded  <m  tho  rarpag  KK 
lity  of  iiitnt«  of  potaiisimn  in  water  at  different  temperatores.  5  os.  of  the  aaltprtiw 
e  tested  are  dissolved  in  12  ol  of  water  at  fiO"  C^  and  the  tempfiratnro  is  obeearrfd 
rhich  the  liquid  jnst  begins  to  deposit  crystals.  The  perc*nt«ee  of  nitrate  of  potas- 
1  is  then  determined  by  the  following  table,  the  results  liot  bbing  affected  hj  tha 
»nce  of  chlorides. 

OystaUitinff  pointa  of  »oluHon$  of  Nitrate  of  Potaatium  of  various  degrwa  </ 
concmttration. 


enprra- 
tnr* 

Quantity  of 

Quantity  of 

Temperft* 

Qaantftrof 

QtuBtftyor 

pure  laltiMtre  la 
100  put*  of  the 

pure  ultpetro  in 

ture. 

pare  Mltpnre  In 

100  parti  of  the 

par.  lAltpatra  te 

SMnsor> 

100  parti  of  the 

Reaumur. 

lOOparUoflb* 

KduUoo. 

HiDple. 

•olutlou. 

aiunple. 

S** 

22-72 

667 

+ 14-260 

30-00 

76 

8-25 

22-63 

66-8 

14-60 

30-36 

76-9 

8-50 

22-80 

67-0 

1476 

3072 

76-8 

8'76 

23-08 

677 

16 

8109 

77-7 

9 

23-36 

68-4 

15-26 

81-46 

786 

9-26 

23-64 

691 

16-60 

31-88 

79*6 

9-fiO 

23-92 

69-8 

1676 

82-21 

80-6 

976 

24*21 

60-5 

16 

32-69 

81-6 

LO 

24-61 

61-3 

16-26 

33-97 

82-4 

10-26 

24-81 

62 

16-60 

33-36 

88-4 

LO-50 

26-12 

62-8 

16-76 

33-76 

84-4 

10-76 

25-41 

63-6 

17 

34-15 

86-4 

LI 

2671 

64-3 

17-25 

84-56 

86-4 

11-26 

26  02 

65 

17-60 

84-90 

87-4 

11-60 

26-32 

65-8 

1776 

36-38 

88-4 

1175 

26-64 

66-6 

18 

3681 

89*5 

12 

26-96 

67-4 

18-25 

36-25 

90-6 

12-25 

27-28 

68-2 

18-50 

8670 

91-7 

12-60 

27-61 

69 

18-75 

3716 

92-9 

12-76 

27-94 

69-8 

19 

37-61 

94 

13 

28-27 

70-7 

19-26 

3801 

95-2 

13'26 

28-61 

71-5 

19-60 

38-66 

96-4 

13-60 

28-95 

72-4 

19-76 

3903 

976 

13-76 

29-30 

73-2 

20 

39-61 

98-8 

14 

29*66 

741 

20-25 

40 

100 

According  to  F.  Toel  (Ann.  Ch.  Pharm.  c.  78)  Hasz's  method  gives  exact  resnlta 
y  when  40  pts.  of  the  saltpetre  to  be  tested  are  dissolved  in  exactly  100  pts.  of  water 
46*^  R.  (56|  C.  or  1331-  F.),  the  solution  subsequently  cooled  by  immersing  the  \emA 
cold  water,  and  the  temperature  at  which  crystallisation  begins,  careiiilly  obserred, 
»  solution  being  constantly  stirred  as  it  cools.  To  ensure  the  right  proportion,  the 
tpetre  is  dissolved  in  the  proper  quantity  of  water  contained  in  a  tared  beaker  g^aae 
Lh  a  thermometer  inserted,  and  heated  to  46° — 60°  K  in  a  water-bath,  the  water 
ich  evaporates  vrhile  the  salt  is  dissolving  being  replaced.  The  solution  is  filtered 
remove  any  solid  particles  suspended  in  it,  which  might  cause  the  cryHtnIliantion  to 
le  place  too  soon,  and  the  first  half  which  runs  through  is  used  for  observing  the 
aperatnre  at  which  crystallisation  begins.  With  10  drachms  of  saltpetre  and  26 
ichras  of  water,  the  quantity  of  water  which  evaporates  during  the  operation  gen«w 
ly  amounts  to  8  or  10  grains,  and  that  which  is  lost  during  the  cooling  and  stirring 
2  or  3  grains. 

By  this  method,  Toel  and  Hoyermann  also  determine  the  amount  of  nitrate  of  sodium 
nitrate  of  potassinm.  an  impurity  which  generally  eziiits  in  the  salt  prepared  from 
ile  saltpetre,  in  consequence  of  imperfect  decomposition.  The  amount  of  nitrate  of 
tasdium  is  first  determined  in  the  given  sample,  exactly  in  tho  manner  just  described; 
?n  aOout  7|  drachms  are  dissolved  in  25  drachms  of  water,  a  drachm  of  carbonate  of 
tassium  is  added,  the  crystallising  point  is  observed,  and  the  solution  is  boiled 
'  un  hour  to  convert  the  nitrate  of  sodium  completely  into  nitrate  of  potaasium.  The 
iution  is  now  left  to  cool  to  60°  R.,  the  water  being  replaced  as  it  evaporates,  tiien 
:ered,  and  the  cry.ttallising  point  again  observed.  Jf  the  sample  contained  nitrate  of 
iium,  the  crystallising  temperature  will  now  be  found  higher  than  before,  viz.  0*16** 
for  1  per  cent  of  nitrate  of  sodium,  035°  R.  for  2  per  cent.,  08°  B.  for  3  per  cent. 
d  1-66°  B.  for  4  per  cent. 
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'Vho  amount  of  nitrate  of  Bodiom  in  saltpetre  may  also  be  approximately  drtermined 
by  ascertaining  the  quantity  of  water  whicli  it  absorbs  vhen  exposed  to  an  atmosphere 
saturated  with  moisture.  According  to  the  observations  made  by  the  Prussian  officers 
of  artillery,  it  appears  that  pure  nitrate  of  potassium  exposed  over  the  sur^e  of  water 
for  fourteen  days,  remains  comparatiTely  (ur,  whilst  nitrate  of  sodium  placed  under  the 
aame  circumstances^  absorbs  26  per  cent,  of  water.  When  artificial  mixtures  of  the 
two  salts  in  a  pure  stat^  are  subjected  to  the  same  treatment^  the  quantities  of  water 
absorbed  are  as  follows : 


Mixture  with  percentage) 
of  nitrate  of  sodium       ( 

0-6 

1 

8 

6 

10 

Absorbed  in  14  days 

2-6 

4 

10 

12 

19 

Water,  per  cent 

All  gunpowder  containing  this  variety  of  saltpetre  would,  of  course,  become  moist 
in  the  same  proportions,  and  would  thus  be  rendered  useless. 

A  third  method  of  determination  is  based  upon  the  alteration  which  an  admixture 
of  nitrate  of  sodium  pruduces  in  the  solidifying  point  of  saltpetre  heated  above  its 
melting  point.  Nitrate  of  potassium  melta  at  368°  C.  (674-4°  R),  and  nitrate  of 
sodium  at  313°  C.  (6954°  F.).  For  mixtures  of  100  pta.  nitrate  of  potassium  with 
different  proportions  of  nitrate  of  sodium,  the  following  melting  points  hare  been 
observed. 


Qu4ntlt(et  of 

NsNO*  lidded 

to  100  Pt«, 

KN03. 

10  ptB.      . 

He'tinf  points. 
.  3U*>  C-  691-8  OF. 

Qnmtittn  of 

NaN03  added 

tolOOpU. 

60  pts.     . 

HMtlng  pofnts. 
.  229'»C.  «  444-20 

20     „       . 

.  280         -  586 

60    „       . 

.  244        »  471-2 

30     „       . 

.  250         «  482 

70    „      , 

.  262        -   503-6 

40     „       . 

.  230         -  446 

80    „       . 

.  281        i.  637*8 

45-7  „       . 

.  226        -  438 

90     „       . 

.  298        -  668-4. 

The  lowest  melting-point  is  exhibited  by  a  mixture  of  the  two  salts  in  equivalent 
proportions  (45*7  per  cent,  of  nitrate  of  sodium),  which,  according  to  Scha^j^otocfa,  melta 
at  226°  C,  and  according  to  Person  at  219-8°. 

Small  quantities  of  nitrate  of  sodium  mixed  with  nitrate  of  potassium  may  be  de- 
tected by  the  yellow  colour  which  sodium-compounds  impart  to  the  blowpipe  name,  or 
still  better  by  spectral  analysis  (iii.  622). 

Small  quantities  of  chlorides  sometimes  present  in  refined  saltpetre  are  easily  de- 
tected by  nitrate  of  silver  and  estimated  by  means  of  a  standard  solution  of  that  salt. 

Persoii's  method  for  the  complete  analysis  of  Saltpetre  (B^p.  Chim.  app.  1861,  pp. 
253.  366). — The  quantity  of  water  is  first  determined  by  heating  50  grms.  of  the  salt- 
petre in  a  platinum  crucible,  and  weighing  it  after  cooling,  care  being  taken  that  the 
neat  does  not  rise  much  above  the  melting  point  If  tiie  saltpetre  contains  nitrate  of 
calcium  or  magnesium,  1  grm.  of  dzy  chromate  of  potasdnm  must  be  added,  to  prevent 
the  decomposition  of  these  salts. 

To  determine  the  insoluble  matters,  the  fiised  man  is  treated  with  water,  the  liquid 
filtered,  end  the  undissolved  matter  washed,  dried  and  weighed.  The  liquid  is  tnen 
concentrated  to  a  determinate  volume,  N.  The  chlorides  are  estimated  in  this  solution 
by  means  of  two  standard  silver'Solutions,  one  containing  27  grms.,  the  other  2'7  grms. 
of  silver  in  a  litre.  A  cubic  centimetre  of  the  former  corresponds  to  001466  gnn.  of 
chloride  of  sodium,  or  to  0-01864  grm.  of  chloride  of  potassium. 

The  sulphates  are  likewise  estimated  volumetrically  by  means  of  a  standard 
solution  of  chloride  of  barium,  containing  259*8  grammes  of  this  salt  in  a  litre,  and 
therefore  corresponding  to  0-179  gramme  of  sulphate  of  sodium  or  Q-208  gramme  of 
sulphate  of  potassium.  To  make  the  determination,  200  cubic  centimetres  of  the  solution 
K,  are  mix«i  with  a  few  drops  of  acid  in  a  platinum  dish,  then  heated  to  boiling,  and 
the  standard  solution  is  cautiously  added  in  slight  excess,  lue  salt^tre  solution  N  }8 
then  gradually  added  from  a  burette  to  the  liquid  contained  in  the  dish,  till  the  excess 
of  the  baryta*solution  is  decomposed  and  the  whole  of  the  bairta  precipitated.  This 
last  operation  is  rather  tedious,  because  the  liquid  does  not  easily  clarify,  and  it  is  ne- 
cessary to  filter  a  sample  from  timeto  time.  From  the  proportion  between  the  total  volume 
of  the  liquid  N  used  in  the  experiment,  and  the  volume  of  baryta-solution  present,  the 
amount  of  sulphate  in  the  saltpetre  may  be  calculated.  The  nitric  acid  is  estimated 
by  igniting  the  fused  saltpetre  with  addchromate  of  potassium,  the  loss  of  weight  giving 
the  quantity  of  nitric  anhydride ;  or  the  estimation  may  be  made  by  any  of  tlw  m^odv 
already  given  for  the  analysia  of  nitrates  (pp.  85-89)^ 
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NztbatsofRhodiuil  Sesquioxide  of  rhodinm,  or  the  oomapondiag  lijdatf% 
forms  with  nitric  add  a  dark  red  aolution  which  yields  a  deliqoeeoent  salt  of  the  mum 
colour.  Sodio-rkodic  nitrate,  NaRh*17*0<',  forms  dark  red  ccjatAle,  nadlj  Kdnble  i& 
water,  insoluble  in  alcohol.    (Berselius.) 

NiTBJiTB  OF  BuBXDiUK,  KbKO*,  CT^tallises  in  hexagonal  combtnatioiia,  P  .»F. 
F2  .  obP2,  in  which  the  length  of  the  principal  axis  is  0-7079,  and  the  angle  P  :  P,  h 
the  terminal  edges  —  143°  0',  in  the  lateral  edges  «  78°  40*.  It  diasolTea  in  6  ptt. 
water  at  0°  and  in  2*3  pts.  at  10°.  Behaves  li£»  saltpetre  when  heated.  (Kirehoff 
and  Bn nsen,  FhiL  Mag.  [4]  xxiL  66.) 

NiTBATB  ofSii.tb]L  A^KO*.  lAoiar  cauiHc  La^  n^enuUit.  SSUetuttm, 
-~Wben  a  piece  of  pure  silver  is  eospended  in  nitric  acid,  it  diseolTes  for  a  ttnoe  widi- 
out  efferreecence  at  a  low  temperature,  nitrons  acid  being  produced,  which  eolotin  the 
liquid  blue ;  but  if  heat  be  applied  or  the  temperature  allowed  to  riaa,  the  metal 
dissolves  with  violent  effervescence,  from  the  escape  of  nitric  oxide.  The  nitrate  of 
silver  cxyvtaUisee  on  cooling  in  colourless  anhydrous  crystals  belonging  to  the  trimetrie 
system.  Ratio  of  axes,  a  :  6  :  o  -  0-9433  :  1  :  1-370.  P  :  P  (brachyd.)  -  104^  IS*; 
(macr.)  -  98°  51':  (basal)  «  126°  48';  »P2  :  odP2  (basal)  -  6o°  30'.  Oidinair 
combination  P  .  oP  .  0Dp2 ;  often  with  four  P-faces  lying  in  the  same  sone,  so  nraa 
developed  that  with  the  two  basal  faces  oP,  they  give  the  crystal  thn  aspect  of  a  nx- 
sided  prism.  Nitrate  of  silver  is  soluble  in  1  part  of  cold,  in  ^  part  of  hot  water,  and 
in  4  pArts  of  boiling  alcohol.  The  solution  aoes  not  redden  litmns  paper  like  most 
metaUic  salts,  but  is  exactly  neutral  Nitrate  of  silver  melts  at  219",  and  forms  a 
crystalline  mass  on  cooling ;  it  is  cast  into  small  cylinders  for  the  use  of  mu^gaona.  Za 
this  state  it  is  sometimes  adulterated  with  nitrate  of  potassium,  which  may  be  deteetfd 
by  the  alkaline  residue  which  the  salt  then  leaves  when  heated  before  the  blow-pipe  ■ 
or  with  nitrate  of  lead,  in  which  case  the  solution  of  the  salt  is  precipitated  by  iodide 
of  potassium,  of  a  full  yellow  colour.  When  applied  to  the  flesh  Of  aniinal%  it 
instantly  destroys  the  organisation  and  vitality  of  the  part.  It  forms  insoluble  oon- 
pounds  with  many  kinds  of  animal  matter,  and  is  employed  to  remove  it  from  oolatioa. 
When  organic  substances,  to  which  a  solution  of  nitrate  of  silver  has  been  applied,  ars 
exposed  to  lights  thev  become  black  from  the  reduction  of  the  silver  to  the  metallic 
state.  A  solution  of  nitrate  of  silver  in  ether  is  employed  to  d^e  the  hair  black.  One 
part  of  nitrate  of  silver  and  4  parts  of  gum  arabic  dissolved  in  4  parts  of  water  and 
blackened  with  a  small  quantity  of  Indian  ink,  form  the  indelible  marking  ink  uaed 
for  writing  on  linen  (iii.  272). 

Amfnonio-nitrate*  of  Silver. — ^A  strong  solution  of  silver-nitrate  saperaatorated  witk 


'fp 


ammonia  yields  the  compound  AgN0'.2NH'  —  NO*  f  0  ^  shining  rhombic  eryttal^ 

„  H*  } 

exhibiting  the  combination  ooP  .  ooFoo  .  P<x> .    It  is  veiy  soluble  in  water,  permanent 
at  100°,  but  decomposee  at  a  higher  temperature,  giving  off  nitrogen  and  amm 
Dry  nitrate  of  silver  absorbs  ammonia-gas  in  such  proportion  aa  to  form  the  i 


Ag)w 


pound  AgNC.SNH'  »  NO'  [  ^  ,  \rtiich  is  a  white  coherent  mass,  soluble  in  water  and 


giving  off  its  ammonia  when  heated. 

Double  Safte  of  Silver-nitrate,  o.  With  Cuprie  Ctfonide. — ^Formed,  ae* 
cording  to  Borzelins,  when  a  solution  of  silver-nitrate  is  poured  upon  capric  e3ranide 
recently  precinituted  from  the  nitrate.  It  is  black,  insoluble  in  water,  and  dellagralea 
with  a  ereen  light. 

».  With  Mercuric  Cyanide,  2AgN()".Hp^Cy*.4H»0.— Crystallises  from  a  wana 
mixed  tKiIiition  of  the  two  salts,  in  Isfce,  limpid,  nacreous  prisms  resemblinp:  ealtpefre^ 
sparingly  soluble  in  cold,  easily  soluble  in  warm  watt-r  and  aloohol.     (W6hl«r.) 

7.  With  Mtrcuric  Nitrate.  Hg*N*0*.2AgN0«.  Prisms  soluble  in  water  without 
decumpoflition.     (Wohler.) 

4.  With  Bromide  of  Silver,  AgNO*.AgBr. — ^Formed  by  melting  the  component  salti 
together  in  atomic  proportion.  Solidifies  into  a  cryNtalline  mass  at  182°  (Schnansa. 
Kremers,  Jubresb.  1865,p.4l9).  According  to  Riche(/6u/.  1868,  p.  207)aadRiaRe 
{ifrid.  1859,  p.  229),  it  separates  in  silky  ne<-dles  from  a  solution  of  bromide  of  silver 
in  a  hot  concentrated  solution  of  the  nitrate. 

fl.  With  Chloride  of  Silwr.  Separates  in  slender  prismatic  needln  from  a  sfdution 
of  the  chloride  in  a  hot  saturated  solution  of  the  nitrate.     (R  isse.) 

C  With  Cyanide  of  Silver.  AgNO'.AgCy.— When  recently  precipitated  cyanide  o^ 
•ilver  is  dissolved  in  a  boiling  concentrated  solution  of  the  nitmte,  this  double  salt  ia 
deposited  on  slow  cooling  in  slender  needles  having  a  strong  lustre.  It  is  decomposed 
by  water,  melts  when  heated,  and  then  detoc^tee  with  great  force,  leaving  silTcr 
taiaing  cyanogen. 
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If.  Witli  Todid€  of  Silver. —  The  compound  2AgK0'.AgI  sepantea  in  nacnoui 
ne«idle*ahaped  crystalB  from  a  aolotion  of  iodide  of  silrer  in  a  botling  concentratftd 
■olationof  the  nitrate  (Wei  tai  en,  Ann.  Ch.  Pharm.  xct.  127).  According  to  H.  Riastt 
(Jahresb.  1869,  p.  228),  it  is  best  prepared  hj  melting  the  oomponent  Baits  together  in 
the  required  proportions,  treating  the  resulting  mass  with  a  bttle  boiling  water,  and 
leaving  the  oHj  body  which. settlee  to  tlie  bottom  to  cTfstalb'se  on  cooling.  It  blackens 
on  ezpoBore  to  light,  melts  at  105°,  solidifies  again  at  98°,  dissolves  in  a  small  quantity 
of  wat«'r,  but  is  decomposed  by  a  larger  quantity  and  by  alcohoL 

Another  iodomtrate,  AgNO'^gl,  is  obtained  by  heating  a  moderately  strong  acid 
•olation  of  the  nitrate  with  iodide  of  silver,  and  boiling  the  resulting  mass  for  a  long 
time  with  nitrate  of  silver  and  nitric  acid.  It  then  sepsrates  in  needles  which  melt  at 
Oi^'iSchnauss,  Kramers,  Jahresb.  1856,  p.  429).  AccordinptoRiche(tduf.  1868, 
p.  207 X  the  product  thus  obtained  is  very  unstable ;  and  according  to  Bisse  {Ute,  cit) 
It  is  merely  a  mixture  of  the  preceding  ult  with  iodide  of  silver. 

9.  With  NUnUe  of  Sodium, — A  solution  of  nitrate  of  sodium  mixed  with  excess  of 
nitrate  of  silver  deposits,  first  tabular  crystals  of  silver-nitrate,  and  afterwards  i4iombo- 
hedral  crystals,  havmg  the  form  of  sodium-nitrate  but  containing  the  two  salts  in  variona 
proportiona;  ftom  2  to  4  at  KaNO*  to  1  at  AgNO*.    (H.  fiose,  Fogg.  Ann.  di  436.) 

NtTSATB  or  SoDXUX.  NaNO".  Cubic  Saltpetre,  ChOe  SaUwtre,  JgUrt,— 
This  salt  occurs  abundantly  in  South  America  as  a  natural  mineral  In  the  district  of 
Tarapaca,  Northern  Peru,  thedrf  pampa  for  40  leagues  at  a  height  of  3,300  feetabove 
the  sea,  is  covered  with  beds  of  it  several  feet  thick,  associated  with  gypsum,  oommoo 
■alt,  sulphate  of  sodium,  and  remains  of  ancient  shell^  indicating  the  former  presence 
<f  the  seik    The  following -are  analyses  of  the  emde  nitre  or  Calieke, 

Hcjet.  RlcbwdwHi  and  BrowetJ. 

Nitrate  of  sodium  • 

Sulphate  of  sodium  . 

Sulphate  of  calcium  . 
Sulphate  of  magnesium 
Chloride  of  sodium 

Iodide  of  sodium  • 

Insoluble  matter  • 

Moisture     *      •  • 

A  sample  from  Peru,  analysed  hy  Hochstetter,  was  found  to  contain  94*8  per  cent  of 
nitrate  ox  sodium,  the  remainder  bemg  composed  of  2*0  chloride  of  sodium,  02  sulphate 
of  potassium,  0*4  nitrate  of  potassium,  0*9  nitrate  of  magnesium,  2*0  water,  and  0*2  in- 
soluble matter. 

The  crude  nitrate  is  refined  by  solufciou  and  crystallisation.  The  best  refined  nitre 
of  commerce  has  been  found  to  contain  97*70  per  cent  nitrate  of  sodium,  1*84  chloride 
of  sodium,  0*36  su^hate  of  sodium,  and  0*11  water.  The  commercial  salt  frequently 
however  contains  not  more  than  90  to  92  per  cent  nitrate  of  sodium ;  small  quantities 
of  iodide  and  iodate  of  sodium  are  of  frequent  occurrence  in  it,  in  addition  to  the 
foreign  salts  above  mentioned.  The  great  solubility  of  nitrate  of  sodium  renders  it 
difficult  to  purify  trom  oommcmsalt;  accordingly  the  commercial  nitrate  almost  always 
contains  fthout  2  per  cent,  of  that  impurity.  The  best  mode  of  purifying  it,  on  the 
■mall  scaler  is  to  neat  the  pulverised  salt  with  nitric  add ;  the  chlorides  are  thereby 
destroyed,  and  by  solution  and  recrystallisation  the  nitrate  is  obtained  pnfectly  pure. 

Nitrate  of  sodium  crystallises  in  obtuse  rhombohedrons,  "which  on  cursory  inspection, 
have  very  much  the  aspect  of  cubes :  hence  the  name  cubic  saltpetre.  The  length  of 
the  principal  axis  is  0-8276.  Angle  B  :  R  in  the  terminal  edges  *>  106°  33'.  Cleavage 
very  imperfect  parallel  to  B.  Specific  gravity  -  224  (Eopp).  2-2266  (Earsten), 
2*266  (Schroder).  It  absorbs  water  from  moist  air,  and  oissolves  easily  in  water, 
producing  considerable  foil  of  temperature.  1  pt  of  the  salt  dissolves  in  1*26  pt.  water 
atO°(Marx),in  1136  pt  at  1876°  (Karsten),  in  1*14  pt  at  1*86^  (Kopp).  The 
aatnrated  solution  boils  at  122°  (Kramers).  The  specific  gravities  of  solutions  of 
nitrate  of  sodium  of  various  strengtlu  are,  according  to  Schif  f  (Jahreeb.  1868,  p.  88), 
as  follows: 

Specific  graTltjr  of 

lolutton  at  iOrip, 

11076 

1*0698 

10342 

According  to  Eremers  (t&u2.  1861,  p.  61),  the  specific  gravity  at  19*6°  of  a  solution 
oontuning  17'7  per  oent  nitrate  of  sodinm  is  1-1062 ;  for  84-9  per  cent,  1*1030 ;  fot 


'64-98 

4314 

36*37 

27-86 

6-9^ 

3-00 

26-30 

11-67 

43*20 

0-68 

»     •     • 

1-36 

1-36 

0-68 

•     • 

trace 

tr«*e 

4-20 

28*69 

11-40 

44-80 

18*80 

88-70 

0-68 

.      2-70 

10-30 

8-30 

0-32 

0-08 

,     .     • 

7-60 

2-50 

6*00 

3-60 

lOOHH) 

100*00 

100*00 

100-65 

99-88 

WfllshtofNaNO* 
Id  lOOpti.  mur. 

SfMciflc  gravity  of 

W«)RhtofNaNO> 

Maution  at  90-1". 

In  100  pta.  water. 

46-48 

1-3806 

1660 

80-09 

1-2326 

10-33 

20-66 

M478 

616 
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61  9  [>«r  cent.,  1-2640 ;  for  717  per  cenU  1'3354.     Schiff  (iW.  1861,  jp^  87)  hw  abi 
determiued  the  bolubility  of  nitnte  of  lodiiiiD  in  fpirit  of  wifM^  of  Tanow  fltnogthi; 

the  results  are  as  foUows : 


Weigbt  of  anhTdroai 

•IcobolinloitpU. 

Of  spirit. 

0 

Weifhl  of  V*SO» 

lDlOOpU.orfoluttoa 

uiur»t«d  ac  tflP. 

45-9 

Wdfht  of  anfa 
akobol  La  10 
oTipMt. 
40 

10 

39-5 

60 

20 

37-8 

80 

30 

26-2 

100  pta.  vood-spirit  eontaimng  40  per  cent.  methjBc  alcohol  diaaolTe  24*4  pC&  mtnti 
ofsodiam     (Schiff.) 

[Respecting  the  wlabiHtTof  nitrate  of  sodium  in  Twions  liquids,  soefbztherAlsrw^ 
Dictionary  of  S'-luhUitUty  p.  394.] 

Nitrate  of  Hxliuni  melts  at  a  zuud'^nite  heat  (310'^  according  to  FexaoiiX  *>^  aolidififli 
to  a  white  mass  on  cooling  (at  313^  aocurding  to  SehaJ%otaeh);  at  a  red  hcttt  it  is 
decomposed  in  the  same  manner  as  nitrate  of  potasainm,  bat  more  eanly;  It  de^ 
fia^rates  with  charcoal  and  other  combustible  bodies,  but  not  so  qnicUy  aa  nitrate  of 
p^ta^cium.  On  thij>  account,  aa  well  as  frum  its  hrgroseopic  duuracter,  it  cannot  bensed 
intjtead  of  nitrate  of  potassium  for  the  manufacture  of  gonpowder.  Aeeordinff  to  some 
authoritifs.  however,  pare  nitmte  of  Sixlium  is  not  at  all  hTgrosco{Me ;  and  indeed 
it  b  bometimes  used,  after  rerr  carrful  purification,  for  the  preparation  of  M siting 
powder,  which  is  not  reqaired  tu  bora  so  quicklT  as  sporting  or  war  powder.  It  hu 
also  been  pmposed  to  add  anhrdrous  sulphate  <k  sodium  or  magnesium  to  gwipowdcr 
prepared  with  nitrtite  of  solium,  to  counteract  the  hygroscopic  tcndencj.  (8>* 
aUkardtoH  and  U'attis  Chemical  TtiinrJ-^y,  toI.  i.  pt  4,  p.  436.) 

Nitrate  of  sodium  is  extensively  used  for  the  preparation  of  nitric  acid,  and  for  eoo- 
TersioD  into  nitxute  of  potassium  (p.  100).  The  erode  salt  forms  an  excellent  nianus 
for  irra<ts  land. 

NiTBATB  OF  STBOxTirii.  SrO.N'O*  or  Sr'XW.— Prepared  like  aitiate  vt 
barium.  Separates  from  a  hot  concentrated  solution  in  anhydrous,  fh>ni  a  cold  and 
mor<>  dilute  solution  in  hydrated  crystals.  The  ar.kydnnu  salt  ciystalliaea  in  oetabedrcas 
and  eubo-octahedrons  of  sp- gr.  2*305  (B  u  i  g  D  e  t  ^,  haring  a  cooHttg  pungent  taota,  Bohible 
in  5  pta.  cold,  and  |  pt.  b>jiling  water ;  it  decrepitates  when  heated,  and  melta  when  nd- 
hrjt.  decumpoaing  at  the  same  time,  and  leaving  a  residue  of  strontia.  When  thnnm  oa 
glowing  coals  it  detonates  slightly,  with  a  r^l  fl;ime.  The  h  vdratfd  BaXUSr'^Hy. SH'O 
(Laurent\  with  4HK)  (Souchay  and  Lenssen.  Ann.  Ch.  Pharm.  xciz.  46),  also 
Ordway(Jahresb.  1859.  p.  115),  forms  efflorescent  crrstals  belonging  to  the  monoclinia 
system. '  Ratio  of  axes  a  :  6  :  c  =  0  5895  :  1  :  OSOS.'  Inclin.-ition  of  ^  to  c  -  64°  26'; 
otP  :  xP  in  the  orthodiagomil  prinoipU  section  -  113=  40' :  +  Poo  :  principal  axis 
—  67=  22*:  oP :  aeP  «»  76^  2tV,  Ordinary  combination,  acp .  oP ,  +  Ppo  (like  fig. 
3'Jf>.  CBTfiTALi.O(.;RAPHT.  ii.  l.S6t,  Or  acp  .  acPS  .  oP  .  +  Pac  .  Nitmteof  atrontinBtf 
u^i  for  the  preparation  of  red  f  i  re.  for  which  purpose  the  dried  salt  ia  mixed  with 
1!  iwers  of  sulphur,  chloi^^te  of  potassium,  ^ulphide  of  antimony,  and  charooaL 

Ac€t"ni:ra:f  of  Strontium^  ^^'y(SO*\*  -^^^t  cnrst-iHises  by  ypontaneons  erapon*" 

t:-iafr<.-m  a  mixed  solution  of  the  component  salts  containing  a  slight  excess  of  acetic  ae^ 
in  lar^-e  limpid  pennantnt  tabular  crystals  {x.  H  an er,  J.  ^ir.  Chem.  kudr.  432X  beUme- 
ir.jtO'the  tri'Unio  system,  and  exhibiting  the  combination  oP .  oc^oc,  oePoo.  ooT* 
1''  .I*'x.iT.  Ratioof  axes,  fl  :  6  :  c=r  0-5200:  1  :  11697.  Inthe left UKier octant 
t;.--  iniilr  J  0  •=  77^43* :  6  t-  =  SS'^  il':  a  ^  -  SS-  19'.  The  crystals  deare  perfectlj  paxaUd 
t<'  "P;"  le>s  ea«ily  p:trillel  to  3ct*x .    1,/epharovich,  Wien.  AkadL  Ber.  xlL  617.) 

NiTBATB  OF  TsBBiric.  RadJo-crTstalline  maes.  permanent  in  the  air,  mnA  difc 
colring  wi:h  pale  n-d  colour  in  wat^r. 

NiTRATR  or  Th Ai.LivM.  TINO".  crystallises  from  a  so'lution  of  thallinm  in  aitrie 
a--i<i  in  'ixiA  white  r*cdltrs,  wliioh  melt  at  205^.  with  separ:\tii.>n  of  a  small  qnantitjof 
l-i.i'-k  {-  r'  xi-U-.  T:.'-  aqiitx^us  ^••l^tiun  of  the  silt  thu!<  purified  gives  no  precipitate 
:ml<  111.1.  wh*-rt:i«-  fp.-Tii  the  cru'le  9(i'.uti<>n  of  tb:tl!iuni  in  nitric  acid,  ammonia 


t:  n.»*  .i-.'»n  a  >nMll  jinr.rity  rf  hy.lra:<sl  p»n*xit!o  of  t':..iM!uni.  Nitnte  of  thalliam 
}  •"  -1  *:  -  ■  itc  jrav  ity  .  t'  5S.  i>  iiis-'lTiMo  in  alcs>i;»''l,  but  >^.l.iM»^  in  water,  the  eatnrvted 
?-  .  .\-  n  OL>ut.-it:.  n-z  ;*'7*>  i<r  o»  ::t.  s^.il;  .it  \i>~.  4^*7  per  cont.  at  5S-,  and  56*0  per  omt. 
a'  l'*\'^    \Crovkf!=.  Chora,  ivc.  J.  xvii.  HI.) 

NiTBATS  OF  Thobistm.  Th"N-0*.  — E.i>ily  soluM>^  in  water  and  in  alcohoL 
Thr  aqu^^u*  f*<'luti' n  dri'T  upovt-r  oil  of  vitrii^l  to  a  iTy>talline  mass;  when  left  to 
evdpora*»*in  the  air.  it  yirids  a  thick  ^y^lp  ^lU-rzelius):  aoitudinir  to  Chrdenins 
(V*y:£.  Ann.  rxix.  43>.  it  cr}>tallists  easily.  Sitrat^  vf  th'rinttm  and  ttotaaa^ 
KTa'N'O",  forms  a  ndiatc  mass  soluble  in  vat«r  and  in  alcohoL     (Berieliv^) 
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NitbatisopTin.  Stannic  hydrate  prepared  from  the  chlonde dissohes  freely  in 
nitric  acid,  and  if  very  oooccntrated  acid  baa  been  nsed,  the  solation  deposits  §tttnnie 
miraU  in  ailky  scales.  If  the  aolntion  contains  nitrate  of  ammonium,  it  does  not  de- 
compose at  ordinary  tempemturps ;  bat  in  the  contraiy  case,  especially  if  diluted,  it 
deposits  stannic  hydrate,  vhich  redissoWes  on  addition  of  iiicr&t«  of  ammoniom.  M&- 
tastannic  hydrate  (produced  by  the  action  of  nitric  acid  on  tin)  does  not  dissolre  in 
nitric  acid. 

Stannotu  nitraU  is  piodaced  by  dissolring  stannous  oxide,  ur  hydrate,  or  metal- 
He  tin,  in  cold  very  dilute  nitric  add ;  the  solution  is  easily  decomposed  by  heat,  with 
■eparation  of  stannic  hydrate. 

NiTEATB  OF  UnAMiDM.  U«0» JOC, 6H«0  Of  Nitrate  of  Uranyl  (UO)^?©*, 
SH'O. — Ptoduced  by  treating  uranium  or  either  of  its  oxides  with  nitric  acid. 
Crystallises  in  lemon-yellow  fluorescent  trimetric  prisma,  in  which  a  :  b:  e  ^  0*874  : 
1:0-6703.  Ande  P:  P  (brach.)  =  126®  64':(macr.)  -  118®  80' :  (basal)  -  84°  28* : 
f  OB :  Pm  (bassi)  »  62®  40'.  Ordinary  combination  P.  Poo .  aaPao .  oof>oo .  The  crystals 
effloresce  slightly  in  dry  air,  and  farther  in  a  vacuum,  giving  o6f half  their  water.  They 
dissolve  in  half  their  weight  of  water,  also  in  alcohol  and  ether.  The  aqueoaa  eol- 
ation is  decomposed  at  a  moderate  heat,  depositing  a  lemon-yellow  pulverulent  sub- 
stance not  yet  examined.  The  oystals  melt  in  their  water  of  czyst&Uisation,  then 
give  off  water  and  acid,  turn  reddish-yellow,  and  leave  pure  uranic,  or  at  higher 
temperatures,  uranoso-uranic  oxide  (P61igot).  According  to  Ordway  (Jahnsh. 
1859,  p.  114),  the  cxystalUsed  salt  melu  at  59-6*>,  and  begins  to  boil  at  118°,  tlie 
liqaid  remaining  clear  till  about  two*third8  of  the  water  is  drawn  off,  together  with  a 
Utile  acid ;  the  residue  then  becomes  somewhat  heated  in  contact  with  water,  and  forms 
a  turbid  solution  which  afterwards  becomes  clear. 

NiTBATB  or  VaKAnxniL  a.  Fana^te  fi><rafo.^Vanadiam,  vanadions,  and  vana- 
dic  oxide  dissolve  in  nitric  add,  forming  a  blue  solution  which  may  be  boiled  without 
alteration,  but  decomposes  at  a  certain  degree  of  concentration,  the  residue  left  on 
evaporating  to  dzynees  consisting  of  vanadic  anhydride  containing  a  little  nitric  acid.^ 
fi.  ifUrovanadw  acid.  Dilute  nitric  acid  dissolves  vanadic  acid  (or  anhydride)  with 
yellowish  colour,  and  on  evaporating  the  solution  at  ordinarv  temperatures,  a  reddish 
mass  is  left,  from  which  water  extracts  a  small  quantity  of  mtro-vanadic  acid. 

KiTRATB  OF  Yttbzuic.  lATgo  colourless  crvBtals  (Berselius).  The  solution 
Bvaporated  at  60°  and  then  quickly  cooled,  yields  colourlees  laminae  (Berlin).  The  salt 
b  deliquescent 

NitbatbsofZikc.  rA«BorwaZ«i/f,Zn'O.N»0».6H«OorZnTPO*.6H»0(or9H'0 
according  to  Schindler),  separates  from  highly  concentrated  solutions  in  limpid, 
flattened,  striated,  four-siaed  prisms,  terminat<^  by  four-sided  pyramids.  They  have  a 
aharp  taste,  deliquesce  in  the  air,  dittsolvp  rendily  in  water  Hud  in  alcohol ;  melt  In  their 
water  of  crystallisation  at  60^,  and  give  off  the  whole  of  it  in  a  stream  of  dry  air  at 
105°  (Pierre).  According  to  Graham,  half  the  water  goes  off  at  100°,  the  remainder 
only  when  the  salt  begins  also  to  part  with  its  acid.  According  to  Ordway,  the 
crystals  melt  at  36*4^ ;  the  liquid  boils  at  131°,  remaining  clear  during  the  boiling  tilt 
It  has  lost  42  per  cent,  of  its  weight ;  the  residue  solidifies  on  cooling  to  a  vitreous 
mass  having  nearly  the  composition  Zn"0.3Zn''N''0".3H'0.  This  tetracincie  salt 
was  likewise  obtained  in  prismatic  needles  by  Gerhardt  (Jahresb.  1847-8.  p.  436). 
Behind  ler  obtained  the  same  salt  with  only  1  at^  water  by  digesting  the  octozincic  salt 
with  the  normal  salt.  The  octozincic  salt,  7Zn''0.Zn*N'0',  is  obtained  with  2  at.  water 
by  heating  the  normal  salt  till  the  fused  mass  becomes  nearly  solid  (Grenville), 
nr  with  4  at.  water  by  precipitating  the  solution  of  the  normal  salt  with  a  quantity  uf 
ammonia  nut  sufficient  to  take  np  all  the  nitric  acid.  (Schindler  and  Grenville.) 
*  NiTBATE  ofZibconxuil  Thc  Bolution  ofzirconic  hydrate  in  nitric  acid  yields 
by  evaporation  a  yellow  gummy  mass,  which  has  a  sour  astringent  taste,  and  gives  off 
acid  when  heated.  If  it  has  not  been  heated  above  100°,  it  redissolves  completely 
in  water.  Tbe  solution  is  capable  of  taking  up  a  considerable  quantity  of  xirconio 
hydrate,  forming  a  soluble  basic  salt.  If  the  solution  thus  formed  be  diluted  and 
boated  to  boiling  it  deposits  a  still  more  basic  salt  in  the  form  of  a  gelatinous  pre- 
cipitate. A  basic  salt  soluble  in  water  and  in  alcohol,  is  likewise  obtained  by  heating 
the  normal  salt  above  100°. 


Alcoholic  Nitratet.    Nitric  tther$, 

I  heated  with  an  alcohol,  part  of  the  alcoho 

to  nitrons  acid,  which,  with  the  remainder 

ft  nitrous  ether  together  with  other  products  (p.  76) ;  bnt  by  addition  of  urea  or  other 


'When  nitric  acid  is  heated  with  an  alcohol,  part  of  the  alcohol  is  oxidised,  and  the 
nitric  acid  is  reduced  to  nitrons  acid,  which,  with  the  remainder  of  the  alcohol,  fbmui 
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amide,  vhich  dfcompusca  the  nitrous  acid  as  fiut  aa  it  is  Ibrmcd.  this  i 
pTPTented  and  the  alcohol  and  nitric  add  will  then  form  a  nitric  athor. 

NitrathofAmte.  Jmyi-niMe etker, CH"NO',--P>gi)arad by agifrtii^ lOgM. 
of  nitrate  of  nna  vith  30  rnsa.  of  strong  nitne  add  in  a  ratott  m  tma  miantaik  tha 
adding  40  grms.  of  amylic  alcohol,  and  grwlsall^  hcftting  the  miztnva^  a  eooled  rveanr 
being  adapted  to  the  retort  The  distiUate,  which  separatea  into  two  lajcm,  ia  ihalut 
up  with  water;  the  lower  laver  is  rectified,  the  portion  which  diatila  from  148*  nywaidi 
being coUectad Impart;  and  this  portion  is  r«K*tifled twice more^ the liqpid  which  gooa onr 
at  148<>  being  each  time  collected  apart(W.  Hofmann,  Ann.  Ch.  ^ja.  [8]  lodiiS?*). 
It  is  also  pr^ueed  by  the  decompoatcion  of  dinitrjlide  of  amjlene.    (Gnthriev  i  S09) 

Nitrate  of  amvl  ia  a  colonrieaa  oil  of  specific  gravitj  0*094  at  10®,  boils  at  148^ 
(W.  Hofmann);  according  to  Rieckher  (Jahri>.  pr.  Fharm.  zir.  IX  It  has  %sf^ 
cific  gravitj  of  0-902  and  boils  at  137°.  It  has  an  oooor  of  bogi  and  a  aw  oat  baimig 
tafite,  with  Tei7  unpleasant  aftertaste.  It  dissolves  in  ether  and  alcohol,  and  is  n^- 
eipitAted  from  the  latter  by  water.  Bums  with  a  green-edged  flame;  ia  deoompooea  fey 
alcoholic  potash. 

KlTKATK  OF  Ethtu  MtHc  etker.  Etkyl^trie  etker,  C^'VC^.  iV^parstiva. 
— 1.  Between  70  and  16  gnna.  of  alcohol  of  36^  Bm.  ia  distilled  with  an  equal  waigfat 
of  nitric  acid  of  specific  gxarity  1*40  (or  2  toL  alcohol  to  1  toL  nitric  acidX  and  almt 
2  grams,  of  nitrate  of  urea,  the  receiver  being  changed  as  soon  aa  the  aJcohcd  i^ndi 
first  dimes  orer  is  replaced  by  nitric  ether,  and  the  distillation  stopped  aa  soon  as  the 
msidne  ia  reduced  to  one-thiid  of  the  origiual  mixture.  The  nitnc  ether  thna  obtaiasd 
is  washed  with  aqaeons  potash,  and  afterwards  with  mter,  then  left  for  two  dari  ia 
contact  with  lumps  of  chloride  of  calcium,  and  finally  decanted  and  rectified  (Ifilloa, 
Ann.  Ch.  Phys.  [3]  riii.  239).  According  to  Carey  Lea  (SilL  Am.  3,  [3]  zzbl 
178),  it  is  better  to  use  a  larger  proportion  of  nitrate  of  urea,  namely  8  or  10  gnna  to 
the  above  quantity  of  liquid ;  with  these  proportions  larger  quantities  of  liquid  vuj  be 
operated  upon  at  once  (see  also  Heintx,  Jabresb.  1S63,  p.  482). — 2.  Aecording  ts 
J.  Persoz  (B^p.  Chim.  pure,  t.  80),  nitrate  of  ethyl  is  easily  obtained,  without  tiM 
nse  of  urea,  by  dropping  absolute  alcohol  (10  gnna.)  from  a  very  fine  {npette  inCa 
highly  concentrated  colourlesa  nitric  add  (about  30  gnna.)  contained  in  a  platiiiiH 
dish,  well  cooled  with  a  mixture  of  ice  and  salL  The  formation  of  the  etoer  tak« 
place  aa  the  liquids  mix.  A  lump  of  ice  is  then  to  be  thrown  into  the  miztnre,  wbsr^ 
Dy  the  acid  is  diluted  without  rise  of  temperature.  If  any  oxidation  of  the  aleofaal 
takes  place  from  dropping  it  in  too  quicUv — which  may.  be  known  hj  the  runiswm 
of  red  ftimea — a  piece  of  ice  must  be  immediately  dropped  in  to  uto  the  ether  already 
formed,  and  the  operation  repeated. 

Propertift, — Kitric  ether  is  a  liquid  of  specific  gravity  1*112  at  17',  hoiliiig  at  8f* 
or  86^  Its  Tapour-densit^  at  85-5°  -  3112;  at  90^  »  3  094;  at  70*8^  —  S-06fi; 
at  64*9**  -  8079  (Flay  fair  and  Wenklyn).  It  has  an  odour  different  fkom  that  of 
nitrous  ether,  and  a  very  sweet  taste,  with  bitterish  aftertaste.  It  is  insolnble  in  wato^ 
but  mixes  in  all  proportions  with  alcohol  and  ether.  It  bums  with  a  white  flame;  iU 
rapoxir,  if  heated  above  the  boiling  point,  explodes  violently  when  set  on  fire. 

Heated  to  100°  with  alcokoiie  ammonia,  it  yields  nitrate  of  ethylamine  (Jnnea* 
dell  a,  Compt  rend,  zlviii.  342) : 

CH»NO«  +  NH«  -  CH'N.HNO*. 

When  a  mixture  of  equal  volumes  of  nitric  ether,  alcohol  and  atfongaqQeoosamnoaii 
in  hrated  to  100"  in  a  sealed  tube  only  two-thirds  filled  with  it,  the  ether  diaappeaza 
coinpletfly,  and  the  re&ulting  solution  cuntuins  di-  and  tri-ethylamine  together  wiA 
rrhyltimine  and  ammonia.  With  a  considerable  exc«>Bs  of  ammonia,  the  nitric  athv 
may  be  decomposed  even  without  alcohol    (Carey  Lea,  Sill.  Am.  J.  [2]  xxxii.  28.) 

Nitric  ether  is  easily  reduced  by  sulphide  of  ammonium  in  alcoholic  solution,  yieUuf 
mercaptan,  according  to  the  equation, 

C^H*NO»  +  5H'S  -  CH»S  +  NH»  +  3H«0  +  8*. 
(E.  Kcipp,  J.  Fharm.  [3]  xi.  321).    Heated  with  ferrous  acttatt  it  is  gradnalW  f^ 
solved  into  nitrogen  gas,  a  small  quantity  of  nitrons  ether  and  ammonia.  (Carey  Lea.) 

MercurrthyHc  Nitrate.  C«tfi!»N«0-  or  C'Hg»N'0».Hg"N=0«.  JE'^Ay/oHwr- 
eaWr  nitrate.  Sftl/ntcrsanrii*  Aethj/f-Queckifd^ternxi/d.  yitratt  tTithyh  ei  de  nteremw, 
— ThiH  cijm(>ouml.  discovered  by  Sobrero  and  Selmi  (Compt.  rend,  xxxiii.  67),  and 
further  exftminvd  by  Gerhardt  (Chem.  Soc.  Qu.  J.  v.  88).  is  obtained  by  miziag 
alcohol  with  exceHS  of  a  vury  strung  solution  of  trimerourio  nitrate.  No  precipitate  is 
formed  in  the  cold,  but  on  heating  the  liquid,  a  white  crystalline  compound  aeparataa 
evfo  b**ftrre  the  boiling  point  ia  attainKl,  and  ita  formation  continues  without  fortfaac 
application  of  beat.     The  reaction  is  aa  follows: 

Hg«N»0»  +  C»H*0  -  C«Hg*N»C«  +   3HH). 
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The  alcoholic  mother-liqaor  contains  a  large  quantity  of  mercnrona  nitnt&  A  mer- 
cnroufl  salt,  probably  formed  by  secondazy  actiona,  frequentlr  also  sepaimtea  in  small 
needled  after  the  mercorethylic  nitrate  has  been  remoTed  by  decantatiott. 

Sferearet hylic  nitrate  is  a  white  crystalline  salt  vrhich,  when  examined  by  the  miero- 
flcupe,  exhibito  a  highly  cbaractenstic  form,  consiatinE  of  six-pointed  stars  or  hexagonal 
tables,  shaded  on  the  edges  in  such  a  manner  that  similar  stais  appear  within  them, 
with  their  vertices  projecting  into  the  angles  of  the  tables.  The  czystals  gave  by  ana- 
lysis 2*9  per  cent,  carbon,  3  hydrogen.  78*4  mercury » and  3*6  nitrogen  (Gerhardt), 
agreeing  with  the  formula  CHg^'O'.HH),  which  requires  8-1  carbon,  0*3  hydrogen, 
78*3  mercuiy,  3-3  nitn^en  and  150  oxygen. 

Mercorethylic  nitrate  is  iusolnble  both  in  water  and  in  alcoAol,  Heated  in  a  small 
tube  it  decomposes  suddenly  and  explosively,  but  without  detonation. — Hydroehlorie 
acid  dissolves  it  completely,  without  learinflf  a  trace  of  calomel ;  hence  it  is  a  mercuric 
and  not  a  mercurons  salt.  The  hydrochloric  acid  solution  gives  a  yellow  precipitate 
with  potash. — Svlphydrie  acid  decomposes  the  salt,  forming  sulphide  of  mercury  and  a 
eubstance  having  the  odour  of  mercaptan.  A  strong  aqueous  solution  of  j>otaA  turns 
the  salt  grey ;  when  boiled  with  the  same  solution,  it  tiims  black,  but  is  not  completely 
decomposed ;  the  black  subetance  is  always  mixed  with  crystala,  however  long  the 
boiling  may  be  continued.  Hydrochloric  acid  does  not  dissolve  this  black  substance, 
though  it  forms  but  a  small  quantity  of  calomel  It  appears  therefore  that  the  salt 
is  essentially  altered  by  the  action  of  the  potash.— -^mnwmia  acts  upon  it  in  a  similar 
manner. 

NiTKATB  or  Mbthtl.  Mdhyl-nitric  ether.  CH^O*.~This  ether  is  easily  ob- 
tained by  dissolving  40  grmfc.  of  nitrate  of  urea  in  200  cub.  cent,  of  pure  methylic 
alcohol,  adding  150  cub.  cent  of  pure  nitric  acid  of  specific  gravity  1*31  (firee  from 
nitrons  acid  so  that  it  gives  no  colouring  with  ferrous  sulphate)^  ftnd  distilling  to  one- 
third.  This  process  is  to  be  twice  repeated,  the  residue  Deing  mixed  in  the  ftnt  in- 
stance with  170  c  c.  methylic  alcohol  and  130  c.  c.  nitric  acid,  and  in  the  second  with 
160  c.  c.  methyl-alcohol,  110  c.  c  nitric  acid,  and  lOgrms.  nitrate  of  urea.  The  distillate 
is  washed,  first  with  solution  of  common  salt^  then  with  dilute  carbonate  of  sodium. 
By  this  process  420  grms.  methylic  alcohol  yield  300  ffrms.  crude  nitrate  of  methyl. 
(Carey  Lea,  Sill.  Am.  J.  [2]  xxxiii.  227).  Dumas  andPAligot  (Ann.  Ch.  Phys.  [21 
Iviii.  37),  by  distilling  wood-spirit  with  saltpetre  and  oil  of  vitriol,  obtained  a  liquid 
boiUng  at  66^.  which  appears  to  have  been  a  mixture  of  nitrat«*  and  nitrite  of  methyl, 
as  its  an^yvis  gave  about  3  per  cent^  too  much  carbon  for  the  formula  of  the  nitrate. 
The  vapour  exploded  with  great  violence  when  heated  to  about  150^.  The  proper- 
ties of  the  pure  nitrate  of  methyl  obtained  by  Lea  have  not  been  described. 

NxTRATB  OF  OcTTL.  (?H"NO".  Nitrate  of  Caj^l. — Produced  by  decompos- 
ing iodide  of  octyl  dissolved  in  ala>hol  with  nitrate  of  silver.  Oily  liquid  which  has  a 
fruity  odour,  floats  on  water,  is  insoluble  in  alcohol,  boils  with  decomposition,  burns 
with  a  bright  flame,  and  is  decomposed  \fy  alcoholic  potash,  yielding  octylic  alcohol 
and  nitrate  of  potassium.    (Bonis,  Ann.  Ch.  Phys.  [3]  xlix.  136.) 

WXTmOOSW,  VXOBVBXma  or.    NP".     See  Phosphobosamidbs. 


r,  SUX^HIsa  or.  NS.  (Fordos  and  Cl^Us,  Ann.Oh.  Phys. 
[3]  xxxii.  389.) — This  compound,  the  analogue  of  nitric  oxide,  is  obtained  by  pawing 
ammoniacal  gas  through  a  solution  of  protosulphide  of  chlorine  in  disulphide  of  carbon. 
Sal-ammoniac  is  first  pnxiipitated,  and  then  a  dark  brown  flaky  substance,  which  is 
decomposed  by  the  further  action  of  the  ammonia.  The  passage  of  the  gas  must  be 
continued  till  the  brown  flakes  have  almost  disappeared,  and  an  orange-yellow  liquid 
is  formed,  which  may  be  separated  from  the  chloride  of  ammonium  by  filtration  and 
obtained  quite  clear.  The  filtrate,  when  left  to  evaporate,  first  deposits  sulphur  and 
afterwards  crystals  of  sulphide  of  nitrogen.  The  reaction  is  very  complicated,  but 
the  final  result  may  be  represented  by  the  equation : 

sera  +  8NH>     -     2NS  +  8  +  6NH*a 

Sulphide  of  nitro«*n  crystallises  in  transparent  golden-yellow  rhombic  prisms  with 
dihedral  summits.  It  has  a  faint  odour,  atuierra  strongly  to  paper  if  rubbed  upon  it, 
and  produces  painAil  irritation  of  the  mucous  membrane  of  the  nose  and  eyes.  It 
explodes  by  percussion  or  when  heated  to  150** — 160°.  It  dissolves  very  sparingly  in 
alcohol,  ether,  and  sulphide  of  carbon  :  water  does  not  dissolve,  but  slowly  decomposes 
it.  Its  solution  in  sulphide  of  carbon  also  underg^)ee  alow  decomposition.  It  unites 
in  several  proportions  with  the  sulphides  of  chlorine. 
Syn.  with  NrrKOGXx. 

lO  AOXB.    See  Gbhtiakic  Acid  (ii.  880> 
See  Oltcuih  (ii  890). 
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8e^  Habmaijkb  (iii.  9), 
t  or  wxTBomAsamnnL   See  Hjuomn  (SL  U> 

ITXO  AOXB.    Syn.  vith  Pic&AXlc  AoD. 
See  Hkldox  (iii.  138). 
VZrmOBXWtnuO  ACIA.    See  HiPFVBic  Acn>  (liL  161). 
WZTKOBirBKXO  AOZS.    See  Ulkzc  Acn>. 

VXTBOH I  J>U  JfcXbZO  AOZB.    See  Htditbclid  Aos  (iS.  221*  JboliiO<t)i 
VirXO-XSrOBZTB.    See  Ixosxts  (iii.  276). 

WXTXO-XOBZO  JMHA  or  Alt Jnraxzi»&    See  looio  Acm  (iii.  299)» 
WZTKO&ACTXV.    See  Milx-Sooab  (iiL  1024). 

wmto&BVCZO  A.OZS.     Sya.  with  KxTBATB  or  XMocaKMm    (Sea  ^■— '**^ 

iiL  682.) 

See  MAsnitn  (iii.  826). 
50VZV.     See  a>!BCX>vix  (iiL  863). 
VlTftOBCB&AWZ&zn.    See  Melanilxkb  under  FmonnLUmBM 
See  HssiTYLEKB  (iii.  930). 

See  MEaiTTLXirB  (iii  980). 

vzTXOscaTAcaxowzo  actzik    Syzu  with  Nztbo-Pbopiovio  Acnx.    (Bn 

PmnrtonK  Acm.) 

VZTKOB&BTHIBMU  Thifl  name  may  b^  applied  to  cartain  eompounda  derifiUi 
from  marsh-gas  (hTdric  methtde)  bj  the  sobstitution  of  one  or  more  molMnlea  of 
nitryl  for  an  equivalent  quantity  of  hydrogen.  Their  names  and  lonniil»  are  given  ■ 
the  following  tables  io  vhich  nittyl  (NO*)  is  denoted  by  X. 

Ttpb,C  H  H  H  H. 

1.  Tribromonitromethide,  Nitro-bromoform  or  Bromopioin  •  C  X  Br  Br  Br 

2.  Trichloronitromethide,  Kitrochloroform  or  Ghloropicrin    .  C  X  CI    d  (S 

3.  TrinitTomethide  or  Nitroform C  X  X    X    H 

4.  Brnmotrinitromethide  or  Bromonitrofonn                 .        «  C  X  X    X    Br 
6.  Tetranitromethide OXXXX 

6.  CyanoDitrompthido,  Nitracetonitrile  or  Fnlminie  add       .         C  X  H    H    Cjy 

7.  Cyanodiiiitroniethide  or  Dinitmcotonitrile         .        .        .        C  X  X    H    Qy 

8.  Cyanotrinitromelhide  or  Trinitracetonitrile       .        .        .        C  X  X    X    Cy 

9.  Cyano-dibromo-nitromethide  or  Dibromo-nitracetonitrile .        C  X  Br  Br  Cj 
The  flrst  and  second  of  these  compoonds  have  been  already  dcaeribed  am  Broiw 

picrin  and  Chloropicrin  (i.  923). 

3.  Wltrofbrm.  CXNO*)*!!.— Tbis  compound  discovered  by  Sehisehkoff  CAnn. 
Ch.  Pharm.  ciii.  364)  exhibits  the  relations  of  an  acid.  Ita  •mmoninm-Bal^ 
C(NO*)'NU\  is  obtained  as  a  yellow  cryBtalliuabLe  substance,  soluble  in  water  aad  in 
aleohul,  by  the  action  of  water  or  alcohol  on  cranutriiiitromethide  (p.  Ill);  and 
on  agitating  thiH  salt  with  strong  sulphuric  acid,  the  nitrofbrm  is  separated  and 
flo:tts  on  the  burfacc  of  the  liquid,  in  the  form  of  an  oil  which  may  be  removed. 

Nitroform,  at  temperatun's  above  15^|  is  a  colourless  oil ;  below  that  tempemtnra 
it  solidificH  in  colourless  cubic  crj'stals.  It  is  moderately  soluble  in  wat«r,  fonning 
a  dark  ycUuw  solution.    It  cannot  be  di-ftilled,  as  it  exolodes  with  violence  when  hc«te£ 

The  atom  of  hydrogen  in  nitroform  may  bo  replacea  either  by  metals  or  by  ehlorooi 
radirU's.  namely  bromine  and  nitrjl.  The  metallic  derivatives  or  salts  of  nitroforwk, 
are  for  thr*  mo«t  yellow  and  crystalHsnblc:  they  explode  whfn  heated. 

4.  aromonltroform.  C(NO')'nr. —  Produced  by  exposing  nitroform  to  the 
action  nf  bromine  for  some  days  under  the  influrnce  of  direct  Min^hinc;  or  more  easily 
by  tre:ttinc  an  aqueous  solution  of  mercuric  nitroform,  C*(NO')*Hg".  with  bromiiip. 
It  is  colourless,  liquid  above  +  12'',  but  bolidiflcs  below  tbit  tomprratnre  to  tt  white 
oryhtalline  nuiss.  It  is  somewhat  soluble  in  water,  and  may  be  distille<l  with  aqueous 
vapour,  or  in  a  current  of  air.  It  decomposes  at  140°.  (Schischkoffi  Ann.  Gh. 
Pharm.  cxix.  247.) 

6.  Tetraattrometlilde.  TriranHrylid^  of  Carbon.  Hiiro-kohttnstoff,  C(NO')*. 
— IVoduced  by  treatin^r  nitroform  with  fuming  nitric  and  sulphuric  acids,  heating  t^ 
liquid  to  lOO-'iuid  prissini;  air  thrnuph  it.  A  liquid  then  distils  over,  from  vhidi, 
water  throws  down  tetranitromethide  as  a  heavy  oil. 

Tetranitrrimethide  is  liquid  at  ordinary  tempemtures,  but  solidiflcs  at  +13^  to  a 
white  crystalline  mass.  It  is  insoluble  in  water,  but  fiohible  in  alcohol  and  ether.  It 
boils  at  12C°  and  unlike  uitrofunn,  may  be  distilled  without  decompositiun.     "Whan 
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npidlj  heated,  it  decomposes  with  evolution  of  nitroiu  Tapours ;  Imt  erren  then  it  does 
out  explode.  It  does  not  take  fire  by  contact  vith  flame  ;  but  t  glowing  coal  on  which 
it  is  poured  bums  with  a  bright  light.     (Schishkoff.) 

6.  Cyaaonltrometblde  or  Xttraoetonltrlto  does  not  exist  in  the  free  state,  bot 
its  salts,  the  Fuijiu9A.tb8,  already  described  (ii.  730),  give  rise  by  their  decomposition 
to  the  three  following  compounds,  (^ano-dibromo-nitromethide  being  produced  by  the  * 
action  of  bromine  on  fulminate  of  mercuiy,  while  cyanodinitromethide  and  cyanotrini- 
tzomethide  are  obtained  from  fulminoric  add  (it  739)  which  is  itself  a  product  of  the 
decomposition  of  Eliminate  of  silver. 

7.  Cfymnodlnltroznettalde  or  mnitraeetonltrlle.  CHK"0*  «  C(KO')*HOy  m, 
(P(SO^ymi.  (Schischkoff  and  Rosing,  Ann.  Ch-  Pharm.  civ.  249;  Schiseh- 
koff.  iUd,  cxix.  249.)~This  compound  is  an  acid,  the  ammonium- salt  of  which 
(originally  called  dinitrammonyl)  is  obtained  by  the  action  of  sulphydric  acid  on 
^anotrinitromethide ; 

C(NO«)"CJy  +  4H«a     -     C(NO«)«(KH«)Cy  +  S*  +  2H»0. 
On  mixing  the  aqueous  solution  of  this  ammonium-salt  with  an  equivalent  quantity  of 
■nlphuric  acid,  agitating  with  ether,  and  evaporating  the  ethereal  solution,  a  syrup  is 
left  which  gradually  yields  large  crystals  of  cyanodinitromethide,  apparently  containing 
water  of  crystallisation. 

Cyanodinitromethide  treated  with  ammonia  reproduces  the  original  ammonium-salt^ 
vhich  crystalli8«>6  in  colourless  needles,  easily  soluble  in  water,  sparingly  in  alcohol, 
insoluble  in  «ether.  When  boiled  with  oxide  of  silver,  it  forms  a  solution  which  on 
cooling  deposits  crystals  of  the  arffentammonium-salt  of  cyanodinitromethide, 
C(NO«)«(NH"Ag)Cv. 

Cyanodinitromethide  also  forms  crystalline  salts  with  potassium  and  with  silver. 
The  silver-ualt^  C(KO')'AgCy,  detonates  like  fulminate  of  silver,  and  is  decomposed  by 
bromine,  yielding  an  oily  body,  probably  cyanobromodinitromftkide^  C(NO*)'BrCy. 

a  C7«no-ffTimtromethlde  or  TrlnitraeetoAltrUo.  C^*0«  -  C(NO')'Cy  « 
C»(NO*)*N.  (Schischkof4Ann.Ch.Pharm.cl  213>— When asaltoffulminuric add 
is  added  by  small  portions  to  a  cooled  mixture  of  highly  concentrated  nitric  and  sul- 
phuric acids,  carbonic  anhydride  is  evolved,  and  trinitracetonitrile  separates  as  an  oil 
vhich  crystallises  on  cooling : 

C^NO*)H«NK)  +  2N0"H     -     CO"  +  H»0  +  NH"  +  C»(NO»)»N. 
Fulmlnuric  acid.  TrinltnuwConttrile. 

Cyanotrinitromethide  is  a  white  crystalline  camphor-like  substance,  melting  at  41*6^, 
and  decomposing  with  explosion  at  220°.  It  may  be  distilled  in  a  current  of  air  at 
00°.  It  dissolres  without  alteration  in  etherf  but  is  decomposed  by  wattr  and  alcokol 
eren  in  the  cold,  and  more  quickly  when  helped,  into  carbonic  anhydride  and  the  am* 
monium-salt  of  nitroform: 

C\NO*)*N  +  2HK)     -     CO"  -t-  C(NO')XNH*). 

Sulphydric  acid  converts  it  into  the  ammonium-salt  of  cyanodinitromethide  (p.  110). 

9.  Cj«BO-dlbroinoiiltroznetltlde  or  BlbroznonltraiMtoiiltrUe.  CBr'N'O'  «- 
C(NO*)Br"Cy  =  C»(NO*)Br*N  (KekuU,  Ann.  Ch.  Pharm.  cv.  281}.— This  compound, 
whicb  differs  from  mercuric  fulminate,  C'Hhg"N*0*,  only  by  containing  2  at.  bromine 
in  place  of  1  at.  mercury,  is  prepar«rd  by  pounng  bromine  on  mercuric  ^minate  under 
water  till  the  colour  of  the  bromine  is  no  longer  destroyed.  On  subsequently  distilling 
the  liquid,  cyanodibromonitromethide  passes  over  with  Uie  aqueous  vapour,  in  the  form 
of  an  oil  which  partly  solidifies  in  the  crystalline  form. 

Cyano-dibromonitporaethide  forms  large  well-defined  crystals,  insoluble  in  water, 
soluble  in  alcohol  and  in  ether,  and  smelling  like  chloropicrin.  It  melts  at  50°,  and 
begins  to  boil,  with  decomposition,  between  130°  and  135°.  With  vapour  of  water 
it  may  be  distilled  without  decomposition (Kekul 6).  When  gently  heated  with  iron- 
filings  and  acetic  acid,  it  is  strongly  attacked,  giving  off  hydrocyanic  acid,  hydrobromic 
add,  ammonia,  and  probably  alM  carbonic  vihydnde.  (Stahlschmidt,  Jahresb. 
1860.  pi  241.) 

VXTSOMaTRTUO  ACZD  (HI-).  CH*NH)»  or  C«H"N'0«.  (Frankland, 
Phil.  Trans.  1867,  p.  69;  Chem.  Soc.  Qu.  J.  xi.  88.) — This  acid,  homologous  with  di- 
nitro-ethylic  acid  (p.  61)  i«  obtained,  similarly  to  the  latter,  by  the  action  of  nitrio 
oxide  on  zinc-methrl,  4  at.  of  the  former  uniting  with  2  at.  of  the  latter  to  form  the 
salt,  C*H*Zn'Ti*O^C*H"Zn".  This  stUt  is  decomposed  by  water,  yielding  marsh-gas 
and  basic  dinitromethylate  or  oxy-dinitromcthyUUe  of  einCt  C'H'Zn  N*0'.Zd*T)  ; 
which,  when  decomposed  by  carbonic  add,  yields  the  normal  txvc-saft^ 
C*H%n'TJ*0*.H'0.— The  sodium-salt,  CH»NaN»0«.H'0,  is  obuined  by  treating  a 
•olution  of  the  normal  zinc-salt  with  carbonate  of  sodium,  evaporating  to  dryness,  and 
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exKttQsting  thr  nmiOur  with  strong  >l<!ohol   It  is  very  soluble  in  water  «Dd  in  i 
ftud  hums  inlt'iTtt-ly  wh^n  hinted. 

JUTJtO-MUAIATZC  JLCZD.  Aq«a  reffM.  Koniff$tt<U9er.~—A  jeMaw^  I 
liquid  produced  by  mixing  sTrong  nitric  nnd  hydrochloric  adds.  The  mixtnre  iiifclot 
rofourlftad;  but  ttf><>r  a  Rhorl  timp.  or  quickly  if  hcntpd.  it  aflsumns  a  dpep  onoge-YfUgw 
colour,  iind  brmka  up  into  water,  chloriite  and  tUe  chloridi'.a  of  nitroajl,  chicly  U* 
dichbridc.  The  dilute  acida  mar  remnin  mixed  for  a  lon^  time  without  dcN^mpnia^ 
itAch  other,  unless  hrat  ia  applied.  Nitro-muriatic  add  aiuolrM  gold  and  platimB. 
an  action  which  Hc«-niB  to  depend  fotirely  on  the  presence  of  the  chlorine  liberaitsd  b^ 
t]ir>  mut  u»)  action  of  the  original  acida.  The  same  reaction  renders  iutroniim*tie  aculTBy 
vsefal  in  destroying  organic  matter,  in  toxioological  inrestigationa  for  exam^ajM 
Arsbkic,  i.  360).  An  impure  nitromuriatic  acid  is  prepared  bj  di—olvii^  ntfndiil 
•otlium  in  hydrochloric  aoid,  or  chloride  of  sodinm  in  nitric  acid. 

SmtOVAPHTaAZJBVSS.     See  N&FUTHALxmi  (p.  U). 

X-ZTaOXrA^aTBn.AKZ3rB.     See  NaFBTHTULMIMB  (p.  21). 

vrrso-OXTBEiffZOZC  aczo.     See  Oxtbi:kxoic  Acid. 

WITKOPiLPAV^XlXiara.      See  PAPATHniNTJ. 

arrTROPEITCEBAMXSZ  and  SrTTSOrBtrCBOAVZJr.     S<^e  pBtrcMDAXIX, 

HTTKOPETKOX-SIAMZira.     8ec  PbtbOL. 

XTraOPHEvr^J^ZC  ACZO.     DmUro-diphenamie acid.    C"H'*N*0"  —  C^» 

(>fO*)»N*0'.  (Laurent  and  G  crhardt,  Compt  Chiro.  1849,  p.  468.)— An  add  yK> 
duced  by  the  action  of  Bulpbydrate  of  ammonium  on  dioitrophenic  acid  : 

2eHXN0')*0  +  3(NH*)"S'  -  C'*H'«(N07N'O"  +  4ffH>  +  S». 
l!  forms  brown  hcxMconal  needles,  with  four  angles  of  131**  30'andtwoof  97*,  t 
ing  2  at  wat**r,  which  they  give  off  between  100°  and  110®,  the  anhydrous  acid  i 
(wt*)ingata  higher  temperature;  they  yield  a  jcUow  powder.  The  acid  ia  sparing 
soluble  in  cold  water,  modemtfly  soluble  in  airokol  and  etJi^.  It  diMohrea  in  oai' 
niimia,  fomiing  a  deep  red  solution  which  is  decomposed  by  conoentratioo*  with 
evolution  of  ammonia.  With  aqueous  potash^  it  yields  the  salt  C'*H"K(NOVKH)', 
which  crystallises  in  dark  red  nodulea,  Tery  soluble  in  water  and  in  aloohoL  Tlis 
fMtri'HmsaJi  forms  sparingly  soluble  brown-red  uAfdlcM  obtained  by  precipitating  acetats 
of  barium  with  an  Hmmoniacal  solution  of  the  add.  The  caMum-sait  ia  zmdnally  pr^ 
cipltated  in  like  manner  in  smiUl  needles.  The  eopper~saJt  is  a  yelIowish-erv«o,  ths 
Uad-taU  na  omnpf'-bt^wn  pr^cipitstt-.  The  ntversaft,  C'*H"Ag(NO*)»NK)\  is  «  daik 
browB-yelliiw  pn-cipirate  which  cr^'stHlUsea  in  scales  from  hot  solntiona. 

M ITJlOVBlOr AMCTIilJU JJi M  or  Ami/f'Vitro-phmidinr, — A  base  formed  by  the 
a«-tion  of  alcoholic  sulphydruleof  ummonium  on  the  heavy  oil  obtained  by  treuting  phenaU 
of  amyl  (q  r.)  with  fmniug  nitric  acid.  It  is  cryHtallisable  and  forma  crystaUiaafals 
salts.    (Cahour«.  Compt.  rend,  xxxii.  61.) 

vrrxorBSVKazc  ACZB.     Syn.  with  DixrrBOFHxinc  Acm.     (See  Phbsol.) 

MlTUOFBXnrSTOL.     Syn.  with  NiTBOFUBHATX  OP  Ethyl.  (See  Phekxc  Etbmb^ 

unilerr'n^N'-i.) 

VXTROPBEVZC  ACZI>0.     See  Phxxol,  Daairanrxs  of. 
BTTBOPBBirzAiC  ACZII,    Syn.  with  TBi-iOTBOFsaNic  Acn».    (See  Pebvou)1 
irrrBOPBBWOZC  AOZB.     See  Pimxoic  Acid. 

irXTROPBEBOi^      Sef  PiftmOL, 
VITBOPBSVTZ*A]«ZB'B,     See  pHKrn-AJUm. 
inTBOPHCirtX.*CARB&MXI>Ba.     See  Cabbaktobs  (I  756). 
iriTBOPBEyYZiEJffE-PIAlimrg.     See  PuaMyi.B.x£-f)iAxuni8. 
vzTROPHEitrTir-PHOSpaoBZC  Acn>.    Se€  PsusriioKic  Ethb&s. 

anTnOPHEKYl^PYftOTABTBAIiffTC       ACXB.  Soe     PraOTARTajunO } 

Etheb*. 

SriT&OPHZVTX*^>airXkPKinLXO   and   mXTl^SUmOUB  ACXBS.     Sm  SvI/- 

FHTKic  tiiid  St-'i.i'kiTRors  Ethuu.  J 

vmoPHi.oBBTnr.    Sett  Pulobbttk.  ^ 

wzrBOPBX.OROOi4irczw.    See  PHI.0BOOLTTCTX. 

VZXSOPBTHAi.SKrB.     C"H'(NO*).     (Dusart.  Ann.  Ch.  Phys.  [3]  xlir.  33».) 

' — A  cuiupounU,  isomeric  with  nitro-cinnamene.  formed  by  the  action  of  pottuih  on  nitn^ 
nuphthaleue.  Tu  prepare  it,  2  pts.  of  caustic  potash  dissolved  in  as  littJe  water  m 
pOMiUe  tire  mixed  uiiii  1  lA.  of  fresh  slaked  Ume,  to  which  nitronaphtlialene  ia  gti»> 
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dually  added.  The  action  begins  almost  immediately,  the  mixture  t>ecomiag  Rddiah. 
The  miiss  is  kept  for  about  six  hours  at  a  temperatore  not  exceeding  10U°,  and  is 
■tirred  from  time  to  time,  the  evaporated  water  being  replaced ;  the  whole  is  then 
added  to  a  lai^e  quantity  of  water  and  allowed  to  settle  down ;  the  alkaline  solution, 
coloured  deep  yellow  by  nitrophthaLinic  acid,  is  decanted  off;  and  the  deposit  is  washed 
with  water  until  the  latter  is  only  slightly  coloured.  The  lime  is  r«>moTed  ^m  the 
brown  residue  by  dilute  hydrochloric  acid,  and  the  remainder  thrown  on  a  filter  and 
washed  with  water.  The  uitrophthalene  can  only  be  separated  from  the  brown  mat- 
ter with  which  it  ia  mixed  by  distilling  with  steam ;  it  then  passes  over  in  oily  drops 
which  ciystaUise  on  cooling.     If  distilled  alone,  the  product  is  less  pure. 

yitrophthalene  is  of  a  straw-yellow  colour  and  crystallises  on  cooling  from  hot  alco- 
hol in  Ions  needles,  which  are  tasteless  and  have  a  faint  odour.  It  melts  at  48^, 
begins  to  boil  at  280°,  and  distils  over  in  large  quantities  between  300°  and  320°,  leaving 
a  uight  carbonaceous  residue.  It  is  not  soluble  in  cold  water,  but  when  distilled  with 
water,  imparts  to  it  an  aromatic  odour  and  separates  on  cooling  in  needles  having  ft 
silky  lustre.  It  is  but  slightly  soluble  hi  cold  aleohoi,  but  readily  in  hot  alcohol ;  dis- 
•oires  abundantly  in  ether  and  in  coal-oil. 

Nitrophthalene  heated  with  a  strong  solution  ofpotath,  yields  nitrophthalic  add ;  less 
Radily  with  hydrate  of  calcium  or  barium.  When  distilled  with  cuy  potOBh-Ume^  it 
•evolves  much  ammonia,  while  an  odorous  oil  distils  over,  and  the  sides  of  the  retort 
become  covered  with  long  yellow  needles  which  dissolve  in  sulphuric  acid  with  % 
beautiful  violet-blue  oolour.  The  oil  is  slightly  soluble  in  water,  and  the  solution  gives 
with  ferric  salts  an  indigo-blue  precipitate.  Sulphide  of  ammoniwm  oonverts  mtrtK 
phthalene  into  phthaldine,  sidphur  separating  out ; 

C«H^O»  +   SffS     -     C"H^  +  2HH)  +  S^. 

WXTSOyHTKA&XO  AOZS.    See  pHTHALio  Acid. 
iriTBOy HTW  A  Ti  ft  irrnMi    See  FETHAUjnDis. 

VXTKOrBTBAXZHZO  AOZB.  C*H'mO')0'?  (Basart,  loo.  eil.)— This 
acid  is  formed  in  the  preparation  of  nitrophthalene  as  above  described,  and  is  pre- 
cipitated from  its  aqueous  solution  by  hydrochloric  acid,  in  golden  flock^  whidi,  hj 
solution  in  a  mixture  of  1  pt  water  and  2  pts.  alcohol  of  36°»  may  be  obtained  in  stellat« 
groups  of  golden-yellow  needles.  It  is  inodorous  and  tasteless  at  first,  but  leaves  a 
pungent  a^r-taste.  When  heated  in  a  tube,  it  melts,  gives  off  an  odour  of  cyanide  of 
ammonium,  and  leaves  a  large  quantity  of  charcoal.  It  is  sparingly  soluble  in  water, 
more  soluble  in  alcohol.  Its  ammoniacal  solution  forms  yellow  precipitates  with  salts 
of  calcium  and  barium ;  greenish-yellow  with  cupric  sails  ;  red  with  mwT'SaUs,  The 
lead-sait  is  precipitated  in  orange-yellow  flocks,  which  when  dry,  explode  by  heat, 
or  by  contact  with  oil  of  vitrioL  The  potassium-salt  forms  reddish-yellow  mammillated 
crystals,  very  soluble  in  water ;  the  solution  possesses  great  colouring  power. 

XTTSOPZAJTSX.    Syn.  with  NmioiaooKnr.    (See  Hbcokxk,  iii.  803.) 
SrZTBOnoSZO  AC^B.    Syn.  with  FicHic  or  TnonTBOFsmao  Acm. 
WlxmoVZCXOTOXam*    See  PiCBoroxnn. 
MTTMOWMjOPIOMIO  AOZn.    See  Fbopioxxo  Aod. 

vmKOniVMXSBB  OT  NrrBOFBUssiATnai  Syn.  with  NmorsBBiCTAiiiDM. 
(See  Ctaxidbs  of  Ibok,  ii  250.) 

WZTXOPTUWa.    See  Pnxm. 

vrrxoaAOamo  AOn>.    See  ^Ucmanc  Acid. 

MTTMOBA.OCM  ABOSa. — A  substance  formed  by  the  aetaoo  of  fbming  nitrie 
arid  (Sobrero),  or  of  a  mixture  of  nitric  and  milpburic  acids  (Schonbein, 
Beinsch)  on  cane-sugar.  It  is  a  white  transparent  resin,  friable  in  the  cold,  but  at 
ordinaxy  temperatures  soft,  ^utinous,  and  ropy.  It  is  neutral,  inodozons  uid  bitter ; 
melts  at  about  30**  (Beinsch).  It  is  insoluble  in  oc^  water,  but  melts  to  an  oil  and 
sh>wly  dissolves  in  boiling  water;  the  solution  gives  the  reactions  of  nitrites 
(Schonbein).  It  dissolves  freely  in  alcohol,  ether,  Bjadjixed  oils.  It  explodes  when 
heated  on  platinum  foil  or  bv  percussion ;  and  deflagrates  wheu  touched  with  a  glow- 
ing splinter  (Beinsch).  When  heated  with  solid  cauKtie  potash,  it  froths np^  Mackftna 
and  then  takes  fire  (Schonbein).    See  Gvulin's  Bandbook,  xv.  296. 

IfXTWOS  ft  liTCrai  a  urmB.    See  SALiCTx.Aiai)B. 

MTTMOM  ft TiTCTMO  ACZD.    See  Sauctuc  Acid. 

X  ITJtOS A3«ZOT]«Z9SB«    See  Salictlous  Acid,  BxRTVi.TTvn  of. 


Ji  rrHOBO-cOMPO irW]>S. — Bodies  formed  by  the  substitution  of  ths  moaato- 
aic  radicle,  MO,  for  an  equivalent  quantitv  of  hydrogen :  thus  nitrous  acid.  HNO*.  mar 
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be  regarded  ■•  h  !^'  ^*  "  "  a  molecule  of  woUr.  in  which  half  the  bjdroBBv 
zepUced  bj  nitnxjl ;  and  similarly  for  all  Ibe  nitritva. 

VmOBBTarxzv.  C*H>*NH)  -  C*H'VNO)N.  (Gentber  «ndKr«ulxbift, 
Ann.  Ch.  riiarm.  t'Xivii.  43.) — Thia  body,  which  haa  cfao  compoaition  of  diethyUww, 
C*H"N,  in  which  1  aL  bydrogeir  is  replaced  by  nitroayl,  is  prcfduced  by  th«  aoka 
of  nitrite  of  potaBsiom  on  hydrochlorat«  of  dicthyloraiDe : 

OH"N   +   HKO"    -    C«H"NK)  +   HH). 

The  materials  ore  distilled  toecther  at  a  gnotle  heat ;  the  oitrosethjlin  ia  freed  tm 
dietbylamina  by  redistilling  the  liquid  after  neutralisatioa  with  sulphuric  add :  i^ 
sulphate  of  diethylamiae  which  remaioa  ia  completely  conrerted  into  nitroaethjtto  t^ 
repeated  treatment  with  nitrite  of  potaasiom  ;  and  the  nitroMtbylio,  after  dehydrw 
tiuD  with  chloride  of  calcinm,  is  rectified  in  a  stream  of  carbonic  anbjdride.  tbs 
portion  which  distils  at  about  176^  being  collect^  apart. 

Kitrosethylin  is  an  oily  liquid  of  fhint  yellowish  colour,  peculiar  aromaHc  odow.tad 
training  taste.  It  haa  »  spedflc  gmTity  of  0*961  at  17  &^  and  Imils  at  1769°.  Whs 
•zpoaed  to  the  air.  it  graaoaUy  tnms  brown.  It  diasolvaa  in  strong  kydrockicriemni 
forming  a  dark  eolonrnl  liqnia.  which  is  decomposed  hj  beat,  giving  off  nitric  oodt 
and  learing  hydrocbiorate  of  dietbylamine.  The  reaction  is  cvideutly  the  remat  cf 
that  by  which  nitroaethylin  is  formed  (see  the  aboTe  equation),  the  nitrous  acid  flnfi 
set  free  being  immediately  renolvi'd  into  nitric  oxide  and  nitric  acid.  Kitroaethrlia 
abaorbs  hydrochloric  acid  gas,  forming  a  thick  liquid,  in  which,  after  the  €irn—  of  hyiiio- 
chloric  add  has  been  removed  by  a  stream  of  carbonic  nnhytlride,  cryatals  are  foroMJ, 
which  diasolre  easily  in  water.  The  action  of  chlorint  on  nitrosethylin  alBO  giT«a  vm 
to  crystalline  products. 

irZTKOSO-MtAZfOirxc  ACro.  CH'NO' «  C'H*(^0)0'.  (Baeyer,  Asa.  CW 
Pharm.  cxxxi.  293.) — Thin  acid  is  produced,  nr\  directly  from  malonic  «cid  (iii.  Tt^i 
but  by  the  action  of  [otiwh  on  rioloric  acid,  C*n'N*0',  which  is  it«elf  produced  by  the 
action  of  nitrous  acid  on  barbituric  acid  (mAlonyl-cart^amide,  CH'(C*HK)')*VO]^  ol 
baa  the  composition  of  nitrouo-malonyl-oarbam'ide,  CH{N0XC^K)*)"N*O  (aee  X^wc 
Acid,  DRBrvATrras  of).     The  reaction  is  as  follows : 


Niiro«o-ni»lonjrl- 


Cartiaintde 


NttrcNn.m*lonlc 
CArhAiDide.  '  «cld. 

Malonic  acid  is  produced  from  barbituric  add  in  n  precisely  similar  manner. 

To  prepare  the  acid,  n'olnrate  of  potaMninm  is  warmed  with  potash-loy  of 
gravity  12;  the  browuinh  liquid  is  rtecolorised  by  addition  of  a  slight  exccM  of 
acid  and  a  few  drops  of  alcohol,  then  Hltcrod  ana  mixed  with  about  twice  ita  wIvM 
of  alcohol;  the  nitroeo-malonnte  of  potASffium,  which  first  separates  io  oily  drotia  and 
then  crystaUises.  is  converted  into  a  stWcr-aalt ;  and  this  last  is  dccompoeed  with  hydro- 
chloric  acid.  The  solution  thns  obtained  yields  nitroeo-malonic  acid,  by  evapazation 
in  Tacao.  in  shiniDf!  pritimatic  needles,  n^ry  soluble  in  water,  and  containing  watar  of 
eiystidliaatioo  which  they  giro  off  over  oil  of  vitriol  Tho  aqueoos  eolation  hfuJm  to 
deoompoae  whrn  gently  h^ted,  and  is  completely  molved  at  the  boiUog  beat  into 
pnuaie  acid,  carbonic  anhydride  and  water : 

Cn^NOjO*    -     O'H     +     2C0*     +     IPO. 

The  dry  add  heated  on  plaiinum-foil,  first  melts,  and  then  decomposea  with  a  ahaip 
r^wrt 

Kitroao-malenic  add  is  dibasie,  but  only  nentml  salts  of  it  have  been  obtained  ;  iha 
aitroao-malottatrfl  of  the  alkali-metals  disaol\e  readily  in  watt-r.bnt  are  precipitated  by 
alcohol;  those  of  the  CArth-mctals  and  heavy  metals  are  insoluble  or  sparingly  soluble, 
and  mny  be  obtained  by  preripitation. 

The  poioMnvm-imit,  CHK'(NO)0*,  is  predpitated  from  ita  aoueons  solution  by 
alcohol,  in  oily  drops  which  soon  solidify  if  the  alcohol  be  quickly  added,  in  larm 
lamiiUBlw  slower  precipitation.  Th*^  frad-gnU  is  a  cryiitallinr<  procipilate  eontainiiig 
C?HPb"(N0)0\2H'0.  The  rihcraah,  C'HAg»(NO)0».H'0,  ia  obtainfMl  lu  an 
amorpbons  predpitate  which  soon  becomes  crystaJline.  It  is  blackened  by  ligtit, 
dissolves  easily  in  nitric  acid  and  in  ammonia,  and  does  not  part  with  its  water  uf 
cryMtallisatioD  at  110°. 

The  Buluble  Baits  of  nitroso-malonic  add  give  a  red  colouring  with/rrrtcf  A/ori(2c,  and 
a  dark  oUre-grecn  precipitate  with  cuprit  saiis. 
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Amldomsloiilo  ftoMt  G*H'(KH')0^.  A  product  of  the  rodnction  of  nitroso-maloiuc 
Acid  by  sodium  amalgam  : 

C"H»(NO)0*     +     H*     «     (?H»(NH»)0*     +     HK). 

It  crystallises  from  aqueous  solution,  by  sTapontioQ  in  vacuo,  in  rathar  laig«,  ill- 
defined,  shining  prisms ;  by  precipitation  with  alcohol  in  needles.  The  crystals  con- 
tain vater,  which  Uipy  gradually  lose  over  oil  of  vitrioL  The  acid  melts  when  heated, 
giving  off  carbonic  anhydride,  and  leaving  a  residue  of  gly  cocine : 

C»H*NO*     -     C0«     +     C»H»NO». 

The  same  deoompositioD  takes  place  on  wanning  the  a^jneous  solntioxL 

Amidomalonic  acid  is  quickly  df.oomposed  by  oxidising  agents.  When  iodin«  ia 
added  to  an  aqueous  solution  of  the  acid  containing  a  small  quantity  of  iodide  of 
potassium,  the  product  is  mesoxalic  acid  (iii  932). 

C»H»NO*     +     HK)     +     P     -     C?H«0»     +     HI     +     NH«I 
AmldomalooSc  MMOxaUe 

add.  add. 

The  amidomalonatea  of  tiie  alkati-fiuUd*  are  easily  sdiible  in  water  and  are  pra^ 
cipitated  in  crvstals  by  alcohoL  The  other  amidomalonates  are  sparinglv  solubk 
oystalline  precipitates.  The  barium-  and  caleium-salts  dissolve  with  tolerable  facility 
in  hot  water,  and  crystallise  therefrom.  The  copptr-atdt  is  a  white-green  precipitate. 
Hie  potassium -salt  mixed  with  cupric  acetate  appears  to  form  a  blue  double  salt. 
The  alcoholic  solution  of  the  acid  heated  with  cupric  salts,  throws  down  cuprous 
oxide.  The  lead-  and  nlversaits  are  ciystaUine  precipitates.  The  add  appears  to^ 
De  monobasic,  forming  with  neutral  acetate  of  iMd  only  one  salt  containing 
C'H'Pb'Ti'O-. 


C**HVNO)NP  Perkin  and  Church  (Chem. 
8oe.  Qn.  J.  ix.  1 ;  Jahresb.  1856,  p.  607),  o^  the  action  of  nascent  hydrogen  on 
dinitronaphthalene,  and  by  that  of  nitrous  acid  on  naphthylamine,  or  of  nitrite  of 
potassium  on  hydrochlorate  of  napththylamine,  obtained  a  dark  coloured  ciyatalline 
substance  to  which  they  assayed  the  above  name  and  formula.  But  frcm  subsequent 
researches  on  the  action  of  nitrite  of  potassinm  on  salts  d  napththylamine  (Chem.  Soc. 
J.  xvi  207X  they  condude  that  the  product  formerly  obtained  was  not  a  definite  com- 
pound, but  a  mixture  of  two  or  more  different  substances,  and  that  when  proper  pre- 
cautions are  taken  to  ensure  a  definite  reaction,  the  product  consists  essentially  of 
asodinaphthyldiamine,  (^H^N*  (p.  23);  they  are  also  of  opinion  that  the  body 
formerly  described  by  them  as  nitrosonaphthalin  has  no  existence.  Considering  how- 
ever taat  this  sappoiwd  body  is  exactly  analogous  in  composition  and  *mode  of  for- 
mation to  nitrosethylin  and  nitrosophenylin,  and  that  the  reaction  by  which  it  was 
originally  obtained  is  said  to  have  given  rise  to  the  formation  of  more  than  one  com- 
pound, its  existence  cannot  perhaps  be  r^arded  as  completely  disproved.  The  action 
of  nascent  hydrogen  on  dinitronaphthalene,  by  which  nitzosonaphthftlin  was  first  ob- 
tained, does  not  appear  to  have  been  re-examiiuod. 


vnsosoVBSVTXZV.  C^<KK)  -*  C^*(NO)N.  Perkin  and  Chnreh 
(Chem.  Soc  Qu.  J.  ix.  1). — This  substance,  which  is  analogous  in  composiUra  to 
nitroaethylin  and  nitrosonaphthalin,  and  may  be  regarded  as  pheoylamine  (C*H'N), 
in  which  1  at  H  is  replaced  by  NO,  is  obtained  by  Uie  aetion  of  nascent  hydrogen  on 
dinitrobensene.  When  a  piece  of  pure  sine  is  immersed  in  a  cold  saturated  acholic 
Bolutton  of  dinitrobenzene,  and  strong  hydrochloric  add  is  gradually  added,  the  evolu- 
tion of  hydrogen  soon  ceases,  and  the  liquid  gradually  acquires  a  crimson  colour.  At 
the  end  of  the  reaction,  the  zinc  is  to  be  taken  out,  the  liquid  completely  neutralised 
with  alkali,  and  the  dark  coloured  zinc-oxide  repeatedlv  washed  with  strong  alcohuL 
The  alcoholic  solution  when  evaporated,  leaves  mtroeophenylin,  which  may  be  purified 
by  washing  with  water,  re-solutlon  in  alcohol,  and  evaporation  over  the  water-bath. 

Nitrosophenylin  is  a  black,  shining,  brittle  substance,  which  melts  when  heated,  and 
then  decomposes  ;  is  nearly  insoluble  in  watery  very  slightly  soluble  in  benzene,  easily 
soluble  in  acids  and  in  aleuhol.  An  alcoholic  solution  containing  only  02  per  cent, 
nitrosophenylin  appears  opaque  and  of  a  shining  orange-red  colour  by  reflected  light. 
Strong  hydrochloric  or  sulphuric  acid  dissolves  nitrosophenylin  with  a  splendid  crimson 
colour ;  boiling  nitrie  acid^  with  yellow ;  fuming  smphurUs  acid^  with  brown  colour. 
Alkalis  predpitate  it  from  its  acid  solutions  without  alteration,  at  least  if  they  act  for  a 
short  time  only.  By  the  prolonged  action  of  nascent  hydrogen,  nitrosophenylin  is  con* 
verted  into  a  colourless  substance  not  containing  oxygen.  When  heated  with  softa-^nns 
it  gives  off  all  its  nitrogen  as  ammonia  and  aniline. 

SeeFmuascoL 
i2 


1 16    NTTROSO-SULPTTATES— NITROSYL,  CITLORIDES  OP. 

VXXROSO-SUXiYSATaSf  romiDonlj  caU«d  IfitromUphate*^  TbeM  mt^  ■»• 
duo'd  by  the  tsimaltaiKuiu  actioD  of  nithc  oxide  und  •ulphurcnu  anfajrdndeoQ  alwiv 
liquidn,  arc  ununliy  rngurded  as  »u]phMt«ii  in  which  onv  ■t«m  of  oxjr^^n  is  displtedtf 
2  atoraB  of  nitrosyl,  r^.  K'SOXNO)*.  A  dry  miitore  of  2  toI.  Bulphoroius  ADbriR^ 
snd  4  vol.  nitric  Qxid«.  though  of  itself  prrmanf nt,  ia  gradanllj  absorbed  br  a  ttn^ 
BolutioD  of  caufitic  poUab  or  soda,  with  formaLion  of  a  nitromietilphate  (»f  alkaU-iBKiL 
Uttro^owulphate  of  ammonium  ia  prepitrvd  bj  paanng  a  carrent  of  nitric  ozm1»  gu  far 
■otnft  boun  tliroQgb  a  cooled  mixture  of  one  meaimre  of  ooQceutmtcd  solutinm  td  i 
phit4  of  ammonium  with  five  or  six  meaaum  of  aqncons  ammuniH.  Heaatiful  l 
CTfatnla  gndaally  form,  which  are  to  b«  washed  with  an  ice-cold  aolntion  of  ; 
d^ed  in  tscoo,  and prcsserred  in  a  veU-do0«d  bottle.  The  potaamum-  and  9odiM 
uaj  be  pnparod  in  a  timilar  manner.    Tbej  are  rather  mora  stable  than  tfaa  i 

Kitroftosulphate  solutions  hare  a  sharp  bitter  taste  ;  thej  are  neutral  to  taat  pay 
and  do  not  give  any  precipitate  with  clUuride  of  barium.  They  ore  permaneiit  ooly  il 
the  freetiog  point  or  in  prMCQce  of  an  excess  of  caustic  alkali.  Thoir  Kpontaneout  d» 
eompoaition  into  nitrons  oxide  and  a  eulphat«  Tarics  in  its  npidity  according  to  Um 
terapeiatizre.  Free  acida  and  moat  metallic  salts  transform  the  nitro»fr-sii2|ihates  im- 
mecuately  into  sulphnric  acid  and  nitrous  oxide  gM.  A  similar  de«ompoflitua  of  tbi 
aalta  is  c^ted  by  contact  with  spongy  platinom,  charcoal,  oxide  of  silrer,  povsids  d 
nanganaatif  Jte. : — 

K«SO»(NO)»     o.     K»SO'     +     NH). 

Dry  nitrosotnlphate  of  ammoninm  ia  deoomposed  with  almost  explosire  TioIntM  wbci 
heated  to  a  temperature  a  little  abore  that  of  boiling  water.  \Odlin^s  Mmmmat  ^ 
Ckrmutry,  p.  272.) 

VrrsOBTZXAXO  ACZ9.  C>*H'(NO')0*?— An  acid  formed,  together  with 
sevfnil  othtr  ['Rrtiuct.H,  bv  tb«  action  of  boiling  nitric  acid  on  stilbeue  (y.  p.)*  It  ii  » 
Yc'llowiiib  powder,  nearly  iuB^tluble  in  wat^r,  but  soluble  in  alcohol,  and  still  taaet  » 
in  ether.     (Laurent,  Rev.  Scient  xtL  373.) 

vmoSTTKOXta    Syn.  with  NrrxocDotAiaxK.  (See  Ctioramva,  i.  983.) 

vmtOSUXFBAXXC  ACZB.  Lanrent' s  name  for  the  compound  8O*(Ii0')H, 
vbicb  ho  HQpposed  to  constitute  the  crystals  of  the  salphuric  acid  cnombenu 

jriTXOSirUPSATlW*    Syn.  with  NiTKoso-stn.rBATSs. 

>rZT&Ofitrz.PBXI>£S    or   XSO».     See  laoiff  (iu.  391). 

VXTROSUX.PHOBCIO'ILXSII.     See  SuLPHonaMzma 

vrrKOBUXYBOBEirxxDZO  ACZB.    Syn.  with  KxTBorHurrZi-sirLparsort 

Acn>.     (.Set- ScLpHi'RoiH  Etheus.) 

VXTKOSUXPHOCTMOZiZC   ACZXI.    See  SuumocTvouc  Accd. 
XrmOSYTXPKOWAPHTBAZtZO    ACXZK      See  StTLPBOWlPBTHAUC 
■  XTJtOSmLrBOTOKinXZO   ACZS*     See  Sulfuotolutuo  Acid. 
MITItOSTTX>BOXTIiOX.ZO   ACZO.     See  SrLFBOXTLOUO  Acm, 
BZTB087X  or  AZOTTX.     The  name  of  nitric  oxide  in  combinaUon. 

MITBOBTXt,  CB^omxsBS  or.    Nitrosyl  forms  two  chlorides,  a  proto-  mad 

'  a  di-clJonde. 

The  preiochlotidfj  NOCl,  also  called  CMoronitroua  qan,  is  produced  by  the  direct 
combination  of  chlorinn  and  nitric  oxide  gnscis,  1  toL  CI  and  2  vol.  NO  uaititig  to 
form  2  ToL  chloride  of  nitroeyl ;  it  also  constitutes  the  principal  product  of  the  latter 
fftu^  of  the  decomposition  of  nitromnriatic  acid  (p.  112). 

Protochlorido  of  nitrosyl  is  a  deep  orange-coloured  gas.  It  is  condensed  by  a  fre«nsig 
mixture  of  ic«  and  salt,  into  a  red  fuming  liquid,  p(/t»rMiing  the  peculiar  smell  of  nxXro- 
miiriittic  add.  It  is  decomposed  by  water  into  hydrochloric  and  nitrous  acida,  and 
acts  in  n  similar  manner  on  alkaline  hydrates,  forming  a  chloride  and  a  nitrite  of  the 
alkali -metal: 

NOCl  +   2KH0  -  Ka  +   K(N0)O  +  WO. 
It  is  decomposed  by  mercury,  with  formation  of  calomel  and  liberation  of  nitric  oidde: 

2N0CI    +    Hg»     =    Hg«Cl«    +    N'0«. 
It  does  not  act  on  gold  or  platinum. 
D  chloride  of  NitroiyU  NOCl*,  callttJ  by  Gay-Luasac,  who  discovered  it»l 
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Gkloro-nitrie  ga*^  is  obtained  by  distilling,  &t  a  gentle  heat  in  a  water-Csth.  a  mixture 
of  1  pt  of  strong  nitric  add  with  about  3  pta.  of  hydrochlorie  acid.  Thn  products 
should  be  passed  first  through  a  Tesselfiunounded  with  ice,  and  then  through  a  U-tube 
immersed  in  a  mixture  of  ice  and  salt  In  this  tube  the  ooHpound  eondenses,  while 
free  chlorine  eecapee  as  gas: 

HNO"     +     mCl     -    ROCl'     +     2H«0     +     CL 

Dichloride  of  nttrosrl  is  a  trani^Mrent,  red,  ftuning  li<)uid,  which  may  be  dried  over 
chloride  of  calcium.  It  boils  at  —7°,  being  converted  into  a  deep  lemon-jellow  gss  or 
vi^ur,  smelling  strongly  of  nitromuriatic  acid.  When  decomposed  by  alkaline  Jly- 
dtite0f  it  forms  a  nitrate  as  well  as  a  nitrite  and  chloride  of  the  alkali-metal,  thns : 

2N0a»  +  6KH0  «  iKCl  +  KNO«  +  KNO"  +  SHH). 

It  reacts  in  a  simiUr  manner  with  VHUer^  producing  nitrons^  nitrio  and  hjrdroehlorio 
acids.  With  excess  of  mercury  it  forms  calomel  and  nitrio  oxide.  It  does  not  act  on 
gold  or  platinum. 

VZrmoTAmTAIUO  ACXD.    See  TABrasxo  Aged. 

VZTKOTKXm.    Syn.  with  Cholbstbopkaxi  (L  926). 

jriTBOTO&irzszwa.  Syn.  with  KrrBOBBNZTLAiaxB.  (SeeBaiizn.A]cnra,t.576.) 

VtTBOTO&nxn  or  vmtOTO&VO&.  Syn.  with  Htdudb  or  Nrrao- 
BBHZTi^     (See  Bbmztl,  HTi)itn>B  or,  L  674.) 

vnratOTO&VT&AlBZBB.    See  ToLtnxAiODB, 

inrmoTO&inr&io  aoxb*   See  Toltttuo  Acid. 
VlTBOmuwxn.    SeeTrBoann. 
VITXOVA&SBXAJRO  AOIB.    See  VAiBBUno  AoD. 
3RTBO  VXBATBXO   AOSB*     See  VlBATBIO  AOXD. 
WXTBOVaBATmO&.    See  Vebitboi. 

See  AjCTUon  (i.  208). 

.  mCTXOZTSmraisa  or.  The  same  giyes  by 
Guthrie  to  the  compound  C**H'*S(NO')*,  produced  bj  heating  disulphoeh&ride  of 
amylene  (i.  209)  with  strong  nitric  add.  A  riolent  action  then  takes  place,  the  disul- 
phochloride  being  partly  converted  into  sulphuric,  hydrochloric,  and  oxalic  add,  togeth  er 
with  a  ooxjugatcd  sulphuric  add,  not  yet  examined,  partly  into  the  compound 
C"H^*S(XO')*,  which  distils  orer  as  a  heavy  green  liquid,  insoluble  in  water,  and  may 
be  obtained  pure  by  washing  and  d73ring.  It  is  soluble  in  alcohol  and  ether,  and 
appears  to  be  very  easily  decomposed  by  sulphide  of  ammoniom.  (Guthrie,  Chem. 
Soc.  Qu.  J.  xiv.  138.) 

or  M  ITJtOX ¥!■•    Syn.  with  Kitbtl. 
9IO  AOX3K    See  OxTBBfioio  Acm. 
WXTXOXT&XMa  or  WmOZ'SXO&.    See  Xtiamx. 

anrxoxiX-VIVBBZDm.    The  name  nven  by  Wertheim  to  the  oomponnd, 
•  C*H**(NO)N,  more  properly  called  NUroeo-piperidine,    (See  PmouDon.) 

VXTmOZTVAVBTSAZiXO  ACZS.  C»H*NO'  -  O*13^O>)07  (Busart, 
Compt.  rend,  lii  1183 ;  lUp.  Chim.  pure,  1861,  p.  31fi ;  Jahreeb.  1861,  p.  644.)-j-An 
add  produced  by  the  oxidation  of  nitronaphthalene.  When  a  mixture  of  1  pt  nitro- 
naphthalene,  I  pt  caustic  potash,  and  2  pts.  slaked  lime  is  heated  to  140^  in  a 
tnbulattfd  retort,  through  wnich  a  current  of  air  or  oxygen  is  slowly  passed,  the  gas 
is  absorbed,  the  mixture  turns  yellow,  and  the  oxidation  is  nearly  completed  in  ten 
or  twelve  hours.  Water  extracts  from  the  oroduct  a  reddish-yulow  potassium-salt 
possessing  great  colouring  power,  and  adds  aoded  to  the  solution  throw  down  a  thick 
yellow  msgma  of  nitroxynaphthalic  acid,  which  may  be  purified  by  washing  with  water. 

Nitroxjnaphthalic  add  oissolves  easily  in  ttfoUr,  aicohoi,  wood-apirit^  and  acetic  acid, 
and  crystallises  from  the  latter  on  cooling  in  needle'shaped  crystals  of  a  fine  goldea 
yellow  colour.  It  has  a  cooling  taste  with  bitter  after^taste.  It  melts  at  about  100^. 
and  is  not  volatile.  It  is  a  weak  add,  forming  with  the  alkalis,  strongly  coloured^ 
very  soluble,  crrstallisable  salts,  the  solutions  of  which  form  coloured  predpitates 
with  metallic  ssits.  It  unites  with  acid  tuipkate  of  potaseium,  forming  a  colouriess 
nit 

Dusart  assigns  to  nitroxynaphthalie  add  the  tormvlA  C'*H'{NO*)O.HO,  and  to  its 
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■kltatfap  fbnnalA  C^H*{iiO^0,M0,  thtt  U  to  uy  he  regaids  the  acid  mm  cUAriMfa« 
Bitroniphthalcne  by  Uie  addition  of  1  »t.  water  (/fO),  aod  1  at.  O,  or  by  1  oL  J/CF.  Ai 
aueh  a  constitDtion  is  contrary  to  all  analogr,  Wurtc  (R^p.  China,  pur**-,  l^U  P-  1U( 
anm«ta  ihat  tlie  add  nuaj  be  formed  from  mtrumiphtbalcne,  either  by  addition  ol  2  «l 
ho;  malting  the  fonnuls  C"i^(A'0*)(/'  or  C'*H»(NO'(0,  or  elw  by  addition  of  Sn. 
^(?  or  HO  to  3  »t,  nitronaphthalml^  which  would  give  the  formula  O="H**K^0"  • 

NitroxynApbth&lic  acid  brcomea  heated  in  contact  with  tvlpkuric  acid^  and  eliainate 
tolphnroas  anhydride.  It  is  vtron^ly  attacked  by  nitric  acid,  yielding  ooalie  add  tti 
a  resin  whirh  by  pmlonged  action  \n  converted  into  phthalic  nrid.  By  rtduein^  flfafr 
it  iaeonTerted  into  oxynaphthylaminc,  a  weak  base  to  which  I>aaart  aaiiiy  tbi 
formohi  C^H**NO*.    It  la  more  probably  either  C'*H"NO'  or  C"H"»N*0*. 

WtVMVWL  This  name  ia  or  haa  been  applied  to  aerend  salts  of  xiitrie  acad  tai 
products  derived  from  them,  e.ff.:  yUrum  mUimomatttm:  an  obsoli-tc  phamaacMaiul 
preparation  eonaiatiae  chiefly  of  nitrite  of  noUaiam  mixed  with  nitrate  and  anlplMtt 
of  potaflsium,  ofataiDed  as  a  bye-prodnct  in  tno  preparation  of  washed  oxide  of  MaamoBf 
{antimottium  diaphorttkum  a^Wum),  by  igniting  sulphide  of  antimony  w^th  aall^rtn 
and  washing  the  prodoet  with  water. — fiitrum  cubicum :  nitrate  of  eodiani.—- .An^riB 
JiruTii :  nitrate  of  potassiam ;  also  carbonate  of  potassium  obtained  by  deflagrating  i  ' 
peiro  with  charcoal — ifitrmn  fiammant :  nitrata  of  ammonium. — JW/rwm 
at  Sai  pruruiltB :  fuaed  aaltptro(p.  101). 

JSlTltVJL.     Nitric  peToxide  in  combination  (see  page  77). 

JrOMXirc&ATUU.  Chemical  nomenclature  is  the  spoken  languaga  of 
chemistry,  as  the  Sjrmbolic  Kotatioic  ia  the  written  language  of  the  acieDC«.  ^esmg 
thus  at  onoe  the  prudact  and  the  instnimeat  of  thuught  tij'on  chemical  subjects,  it  haa 
necessarily,  at  every  period  in  the  history  of  the  acitmce,  n  tlccted  the  general  iotaUce- 
tnal  character  of  the  time,  as  well  as  the  Mtage  of  development  which  chemistnr  bad 
reached.  Thus  tho  early  and  deeply  rootrd  belief  that  the  heavenly  bodies  exercised  a 
direct  influence  on  all  terrestrial  affain,  nve  rise,  among  the  oarly  caJtivaton  of 
physical  science,  to  the  idea  that  they  severally  detemiined  the  characters  and  propertia 
of  the  diflrreot  metals  ;  and  this  idea  reoordod  itM>lf  in  the  language  of  ehemtstry  fay 
such  names  as  Bol  for  gold.  Luna  or  Diana  for  silver,  Mfrcury  forquicksUver,  JvpHtr 
for  tin,  3Airs  for  iron,  ytnua  for  copper,  and  Saturn  for  lead.  Traces  of  this  nfTmea- 
clature  still  remain  in  exprewnons  not  yet  gone  quite  ont  of  use  ;  as  Lunar  caaatie;  of^or 
i>/iifl<»,  Martial  pyrites,  tincture  of  Mam,  Saturnine  poisoning,  and  the  like,  to  any  nothing 
of  mt^rcury,  which  is  still  universally  employed.  Tho  I&nguagfl  of  the  alchetniata  was 
madeup  in  great  pHrt  of  names  involving  far-fetched  comparisons,  indicating  the  mystical 
habits  of  thought  of  those  who  invented  and  employed  them,  to  that  it  is  now  next  to 
impossible  to  say  upon  what  principles  it  was  founded — if,  indeed,  it  was  baaed  upun 
any  general  principles  at  all — or  what  ideas  it  was  meant  to  convey.  In  the  langiuaga 
trf  LuToisier.  speaking  of  the  alchemists — **  W  leur  aurait  kth  difficile  de  transmef  tre  i 
leurs  lectours  co  qu'ils  a'avaient  paa  eux-meme?),  diii  id^  justea  et  vmies.  De  plos 
lenr  objet  n'etait  pas  toujoun  do  se  faire  en(4>ndrc.  Ill  se  servaient  d'un  langage  raig- 
matique  qui  lenr  Mait  particulier,  qui,  le  plus  sonvent,  pr^entoit  un  sens  pour  lei 
adeptes,  un  autre  sens  pourle  vnlgaire,  et  qui  n'avait  rim  d'pxact  et  do  clair  ni  poor 
les  ims,  ni  pour  les  autres.  Cest  ainti  quo  fhnile,  le  mercurc,  l*cau  rllr^-mime  dew  pbi- 
loaophfs  n'^taieot  ni  I'huile,  ni  le  mercure,  ni  I'eau  dans  le  sens  que  nous  y  attachona 
'Vkirfnn  galeatus,  rhomme  arm^,  designait  une  cucurl'it«  gamie  deson  chapitetan  ;  la  tiC* 
de  mort,  un  chapiteau  d' alembic  ;  le  pelicau  cxprimuit  un  vaisaeau  distillatoire ;  le  e^tmt 
nt<)Tiuum,  la  terre  damn^e,  aignifiait  le  r^idu  d  une  distillation.*'  At  a  later  period,  ioeas 
of  a  more  material  order  Inspired  the  language  of  ooi  science,  and  alight  resemblances 
in  some  external  character  between  certain  chemical  products  and  common  articles  of 
household  life,  gave  rise  to  Buch  names  as  oi/  of  vitrioX  oil  of  tartur  by  deliqumcfnce, 
cream  of  tartar,  miik  uf  lime,  butter  of  antimony,  tuffor  of  lead,  iiver  of  sulphur  ; — 
Barnes  which  surely  iuRtifltKl  Dumus  in  Haying  "Lea  chimistea  semblaient  avoir  empmntA 
le  langaga  dee  cuieiuiered."  But  tlio  inappropriate  character  of  the  names  of  indi- 
viduaTaabstances  was  cot  the  only  defect  of  chemical  nomenclalttre  in  early  times: 
another  grwt  fault  was  the  multiplicity  of  names  l>ome  by  a  sinf^le  substance.  Thui^ 
for  example,  the  body  now  known  as  sulphate  of  potassium  was  called  vitriol  ofpoituh, 
titrioiitea  tartar,  vitrinUsed  nitrr,  »cU  de  duobu*^  arcanum  ditpficatum,  sal  duplicatum^ 
panacea  duplunta,  sal  potychrestum  GlauttrH ;  and  carbonate  of  potassium  was 
/ixfd  Bait  of  tartar,  Jijcrd  vrgrtahh-  alkali,  aeriitfd  Jixfd  vtffrtah/e  alkali,  chalky  tartar 
(tartre  crayeux),  mtphitic  tartar,  niirufn  Jizum  per  se,  Alkahest  of  Vanhdmorit,  alcaU 
exttmparatuum,  &c 

Aceording  to  Lavoisier,  the  merit  uf  having  made  the  first  attempt  lawarda  tha 
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introdaction  of  ft  nomcDdatuM  based  upon  truly  cHemical  principle^  is  diiefly  due  to 
Hacqaer  and  Btfumi  :  "Cest  k  euz  qii*on  doit  prindpalement  d'aToir  dwigiiA  les 
sols  m^talliqaea  par  l»  nom  de  I'acide  et  da  mital  qui  entrent  dam  lenr  compomtion ; 
d'aroir  clasM  soiu  1«  nom  de  vUrioU  toiu  les  sela  r^MultanU  de  la  diawlution  d*une  Bub- 
ttance  mitallique  dans  Tacide  Titrioliqiie ;  soui  le  nom  de  nitres  tone  lea  sels  dans 
I<»qu^U  entre  I'aeide  nitzvoz  "  [nitric  acid].  A  ftirther  advanae  towarda  a  BTBtematio 
nomenclatore  vaa  made  by  Bergman  in  bis  Scia^pMa  reffni  mtn^ro/u,  first  pub- 
lished in  the  Upsal  Trannctaons,  and  isaned  wparately  in  1782  (the  edition  that  has 
been  consulted  IS  dated  London,  1 783),  and  in  his  7%<>t9A^  on  a  J^atwroi  5vs£«n  0/ ^oMi^ 
published  at  about  the  same  time.  'This  work  has  been  consulted  in  "Essays  Phyiical 
and  Chemical,  by  Sir  Torbern  Bergman,"  Edinb.  1791.  In  the  former  iro^  names 
made  up  of  a  noun-subst&ntiTe  to  indicate  the  hue,  and  an  adjective  denoting  the  acid, 
are  giren  to  tlie  salts  of  the  alkalis,  earths,  and  metals.  The  following  is  a  spedmen 
of  t&s  nomenclature : — 

Modaro  umM.  BflrgmaD't  jmrnm. 

Sulphate  of  Fotissinm  JikaU  teffetabiU  •ttr»oIa<wn. 

Nitrate  „  AlkaU  itegeiabiU  nitratmm. 

Chloride         »,  AlkaU  WffUabile  taUtum, 

Carbonate       >,  MkaU  vfffttabiU  airaHim, 

Sulphate  of  Sodium  Alkali  wtnuraU  vitnoUUvm, 

Nitrat«  „  Alkali  mmeraU  nitraium. 

Chloride         „  Alkali  mineraU  talitum. 

Carbonate      „  Alkali  mineraU  airaimik 

The  earths  being  ^irftngniA^  ag  terra  ptmderosa,  eaU^  magnetia,  aryiUa,  and  terra 
ilieea,  the  names  at  their  salts  ware  formed  in  the  same  way  as  those  of  the  salts  of 
the  alkalis :  as,  ttrra  jxmderosa  viiriolata,  cahcfiuoraia,  maanena  aSraia,  The  metal- 
lic salts  also  were  named  in  the  same  manoert  M.ferrwH  vUriolatumf  fnrum  aeratum, 
ferrum  niiratwH,  firrum  salitum^  tincum  vitriouUumf  &c.  In  the  second  of  the  works 
mentioned  abore,  the  latter  part  of  which  speeiaUy  treats  "  Of  giTing  Names  to  Fossils,*' 
Bergm  an  suggested  a  still  more  systematic  nomendature.  la  the  first  place,  he  pro- 
posed to  designate  all  metals  by  names  ending  in  -um,  sod  aocordin^y  replaced  the 
platina  of  the  Spaniards  by  pLUinvm,  The  acids  he  denoted  by  a^jectiral  suDstantiTes, 
as  follows : — vitriolieum  (sulphnricX  iulpkurtum  (sulphurous),  nitnttum  (nitric),  n^ 
treum  (nitrons),  muriatiowM,  reffaUnumtJtuaratvm,  arttmcalej  boracinumj  sacekarinam, 
oxaUnuittt  tartarum^pkoapkoreum,  fmrit^caU^  oerettm,  &c. — acidum  being  in  each  case 
understood.  By  adding  to  the  names  of  the  acids  a^jectiTee  formed  from  those  of  the 
several  bases,  he  obtained  names  for  the  neutral  salts ;  as,  for  example,  mirtolicnm 
potastinatum,  vitriolieum  natratttm,  muriatieum  anunomaewn,  niirosum  barytatum, 
vturiatieum  ftaryto^wn,  nitromm  arfferUatum,  aramicale  oobaltatum.  He  eren  went  so 
£tf  as  to  point  out  how  salts  formed  by  the  combination  of  the  same  acid  and  base  in 
Tarious  proportions  might  be  distin^ished :  thus — "Tartar,  with  an  excess  of  acid, 
can  be  defined  by  a  combination  of  its  generic  name  with  the  genitire  of  its  base,  as 
tartarwm  potasmii;  bott  niian  perfoctly  saturated,  may  Sb  called  tartareum  po» 
iasainattim.  In  like  manner  we  snail  have  oxo^intcM  pofatnm,  bat,  iriMtt  exactly 
saturated,  it  will  be  oxalinum  potastimUum;  ipitrio&cum  natri,  and  viirioUeum  natra- 
iKm;  tuUrum  boradtti  [boradnum  nairi?l,  and  boracinum  nairaiwn;  and  so  on  of 
others."  We  have  in  this  passage  probably  the  first  instance  of  the  systematic  employ- 
ment of  the  method  which  has  been  used  to  so  great  an  extent,  and  with  so  much 
advantage  in  modem  chemical  nomenclature — that,  namely,  of  employing  defldoite 
inflections  or  changes  of  termination  to  express  definite  differences  of  composition. 

About  the  same  time  that  these  reforms  were  proposed  by  Bergman,  a  similar 
attempt  was  made  in  France  by  Ouyton  de  Morveau.  The  snggestions  of  the 
French  chemist  were  first  published  in  the  Journal  de  PhytiauetoxTSxy,  1782,  and  were 
known  to  Bergman  when  he  published  his  later  system:  ror  he  expressly  rtates  that 
he  adopts  the  terms  baritea  in  place  of  terra  ponderoea  from  de  Morreau,  but  he  at  the 
same  time  asserts,  by  implication,  the  independent  character  of  his  own  nomenclature, 
by  expressing  his  satisfaction  at  the  agreement  he  finds  between  many  of  de  Morreau's 
propoeed  reforms  snd  his  own.  The  respectful  terms  in  which  each  author  speaks  of 
the  other,  forbid  us  to  think  that  either  was  in  any  degree  chargeable  with  plagiarism ; 
but  the  following  specimen  of  de  Morveau's  nomenclatore  (quoted  by  Dumas  in 
his  Le^oru  d^  Pkiloiophie  Ckimique,  p.  228),  will  show  that  it  closelT  resembled  Bers- 
man's,  ribt  only  in  the  principles  of  its  formation  and  its  range  of  appUeation,  but  also  w 
sereral  of  the  individual  names  adopted. 
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Specimen  of  (ruyton  d*  Uor9eml»  tjfgUm  t^  CKmical  Ni 

Adde«.  Sdi. 

Vitrioliqae  .  .  Vitriols      •  .  Fhlogtstiqiia 

Nitreox     .  .  Nitres  .  Cale* 

An^&ictJ .  .  .  An^DutM ,  .  Bmiyts 

BontciD    .  .  ,  Bomxa       .  .  Or 

Finonc^ae  .  .  Floors        ,  .  Argent 

Citronien .  .  .  CitratM      .  .  Platine 

OzuHqae  .  .  .  Oxdtes       .  •  Mercnre 

84bmcA  .  .  6«bfttM      .  Cnirro 

Esprit  de  lixL 

Although  d«  Korvean's  suggestions  do  Dot  appear  to  bare  produced  an;  immi 

effect  of  import nnee,  tb«  stlentjun  which  he  sucoeeded  in  caUing  to  theBnbject 

K>on  afUrwftrdH  in  the  pubUcation  of  a  much  more  complete  and  more  miccesarfiil 

of  reform.       Thia  sfsCnn   of  nomf^oclature — the  joint  productiun  of  Lavoiaier,   dif 

Morreau.  Berthollet  and  Fonrcroy— was  pabliahed  in  1787,  aoder  the  title   "  Mitktdf 

de  N<»Hfnciature  Ckimi^^  fropo^it  per  MM,  d*  Morveau,  Laixntirr,  Brrtk^^rt,  €t  dt 

fourcroy,"    (Parui,    1787,    Sto.X    and    etUl   continuea   the   fuuodation    of    the   laa- 

gnage  which,  with  many  variations  in  minor  points,  is  Gmplored  by  &11  chemitfta  at 

the  prewnt  day.     It  was  baaed  npon  the  fundanifntal  propoditions  that  all  eub«tane«« 

which  cannot  be  decomposed  must  be  regarded,  proTisionall)'  at  leAst,  aa  aixnplo  ;  and 

that  the  names  of  compound  bodiea  ought  to  indicate  the  simple  bodies  vhich  they 

contain,  and  also,  as  far  as  poasible,  their  relatire  proportions.     Thua  the  compounds 

l^  arichte  were  subdiTided  into  itrides  and  acidu,  and  these  latter  were  a^aia  dta- 

[  tingniflhed  by  specific  nam«e  ending  in   •rus  or  -i^M  respect  irely,  according  aa  ther 

I  conttdned  letis  or  more  oxygen :  for  example,  oxide  durseniCt  acid*  atshtiqut,  oximi 

initrvux,  acide   nitreur^  tuide   nitrique;    acidr  avJ/urrux,   aeide  gulfurique.       When, 

I  liowever,  several  compoonda  of  the  aame  elements  in  different  proportions  were  known, 

lit  was  found  impracticable  to  carry  out  the  second  fundamental  rule  to  its  full  vxtent, 

T  And  in  sm^h  cases,  as  for  instance  in  the  ease  of  the  organic  acids,  arbitrary  names  were 

[•■dopt<<d,  which  recalled  the  deiivation  of  the  substances  to  which  they  were  applied* 

I  And  wem  similar  in  form  to  the  names  formed  more  strictly  according  to  role,      Thoa, 

I  for  example,  came  such  names  aa  acide  wceinique,  aeide  malimu,  acide  tarUtreur^  Sbc 

I  The  very  im^iortant  role  according  to  which  the  names  of  metidlic  and  other  aalta  asv 

I  ibrmed  from  the  namt^  of  the  correvpondiog  adds^tho  former  boing  made  to  end  in 

I  ^ti  or  -atr  resiHyrtively  when  the  latter  ended  in   -ettx  or  -ique — was  also  now  iotro- 

duoed  for  the  tiret  time.    The  nomenclature  of  this  dasa  of  bodies  thus  became  rcT7 

nearly  what  it  is  at  present,  as  will  appear  from  a  few  cxaroplefl : — nf/aU  d'aJumin^^ 

or  ti^faif  alumineujc;  nitriU  d'ammontaqw.oT  nitrite  ammoniacal;  nitrate  d'ammvnioipiM 

or  nitrate  amTtumiacal ;  carbonate  barytique,  or  carbonate  ds  baryU ;  phogpfuUt  4a 

soude,  &c.  &t 

The  mineral  acids,  oxide«,  and  neutral  sails  being  almost  the  only  chemical  smb- 
ftances  which  had  been  much  studied  at  the  time  of  which  we  are  speaking,  it  is  no 
reproach  to  the  nomenclature  of  Laroisier  and  de  Morrean  to  aay  that  in  ita  orig;iii«l 
form  it  wue  not  applicable  to  many  compound  bodiea  besides  these;  but  the  fact  that 
■o  much  of  their  8yt<t<'m  is  atill  retained,  and  that  our  present  nomenclfkture  baa 
xesnlted  from  it  by  a  process  of  dereIo;)meDtf  rather  than  of  organic  change,  ia  • 
striking  proof  how  well  they  succeeded  in  their  prufeased  object  of  devising  **  one 
n^tbodc  lie  nommoT,  plnt&t  qu'uno  nomenclaturo,** 

It  is  obriouR  fmm  what  has  been  said  that  LaToisier'a  nomenclature  was  an  on* 
bodiment  of  the  antipljlogistic  docrrinra  in  iihemistry,  and  accordingly  we  find  that  the 
history  of  its  spreiid  niul  adoption  is,  in  Iho  miun,  the  history  of  the  advance  of  these 
doctrinca.  It  nataraliy  came  into  gcntrral  use  earlier  in  France  than  elsewhere,  bat 
according  to  Kopp  {Geschichie^  ii.  418),  it  was  adopted  by  Black  and  other  leading 
English  chemists  almuet  from  the  first*  The  Systhne  de  Nomntdaturf  was  tramlated 
into  Enctit'h  bv  Pearson,  the  traaslation  retichiag  a  second  edition  in  1799.  In 
1B02  Chenerii  published  a  work,  ably  adrocating  ita  adoption,  and  one  of  fj>e 
earlitat  important  improremenl*  which  it  roceired  was  due  to  Dr.  Thomas  Thomson, 
who  iQ  1804  intrmiufod  the  t^rma  protoxide,  deuU>xid€,  peroxide,  &c.,  to  diatLngniah  th« 
diflercnt  dcgreea  of  oxidation  of  the  same  meLaL  The  new  nomenclature  was  tranalmted 
into Germiu] by  G-irrtaDner,ia  1791,  under  the  ^\Xt  licw  ehemUche iiomfenoUOwr  f6^ 

*  Ttitft  ftUtrm<-m  cannot  \im  morr  Ihcn  ctAitlallf  true  tn  to  far  u  it  reiatri  to  Black  ;  for  acroMlnir  to 
Ritblfin,  "  lie  dttlLkKl  ihf  arown)  prIncEptc  of  the  nomenrUlurr.  thinking  tt  morn  hkrlv  to  cnrrupl 
Mi«Dce  than  to  pnMnnte  it ;  and  h«  tiritAn  to  wrllc  tomr  obMrralioua  apoa  it,  but  be  auua  UcalttOTl,** 
(Bluk'i  Lttiurc*  am  iMt  Mitmemte  t^ CKtmulwjf,  fol,  U.  p. 318.) 
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dU  deiitaehe  Spracke  rBerlin),  bat  its  general  &doption  in  Oermanj  was  dne  in  great 
■leasttre  to  Greu  and  to  Gilbert,  the  editor  of  the  Annalen  der  PhvsiJkt  a  journal 
vhich  was  the  forerunner,  -from  1709  to  1824,  of  the  preeent  "PoggendoriPa  Annalen 
der  Phyaik  and  Chemie."  In  1795  it  was  transUtAd  into  Swedish  bj  £keberg,and 
was  employed  bj  Berzelius  in  his  earliest  meraoirs. 

In  1814,  a  nomenclature  based  upon  Bimilar  principles,  but  as  was  supposed  by  its 
author  more  in  harmony  with  the  genias  of  the  languages  of  Northern  Europe,  was 
proposed  by  Oersted  of  Copenhagen.  The  following  are  a  few  examples  of  this 
nomendatare :  Eld,  0x3^^  (firom  lid  ■■  Are,  IkmisJk);  Eldluft,  oxygen  gas; 
«lden,  to  oxidise;  Brint,  hydrogen  (from  brennen  *«  to  bum.  Germ.);  ^sch, 
alkali;  seschig,  alkaline;  Tansesk,  potash;  Naterssk,  soda;  STafvelbrintadt 
Syafveltansesk,  sulphydrate  of  potassium. 

•  The  spread  of  the  new  nomenclature  was  not  however  altogether  unopposed  even  by 
chemists  who  acoept«d  the  most  important  doctrines  of  the  antiphlogistic  school.  Qa 
Hamphr  y  Davy  in  particular  objected  to  it;  ou  the  ground  tnat  it  was  baaed  upon 
theoretical  views  of  the  composition  of  bodies.  While  admitting  that  the  principle  of 
regarding  undeoomposed  bodies  as  simple,  was  "  logical  and  tnily  philosophical,"  he 
oontendod  that  this  principle  could  not  be  safely  taken  as  the  basis  of  a  nomendature, 
«mtil  all  the  elements  were  certainly  known ;  and  hence  he  preferred  such  names  as 
metaU,  earths,  aUcaUt  (which  merely  class  together  as  aimilar  the  bodies  to  which  they 
are  applied),  to  names  like  oxidea^  tvlvhureU,  muriaU$  (which  involTe  a  theoreticaU 
«xplanation  of  the  similarity  of  the  bo(ue8  denoted  by  Uiem).  In  applying  these  views 
to  the  nomenclature  of  individual  substances,  Davy  endeavoured  "  to  signify  the  analo- 
gies  of  substances  by  some  common  sign  affixed  to  the  banning  or  termination  of  the 
word."  Thns,  as  the  metals  had  been  distinguished  by  a  termination  in  wn  as  aurum, 
**  so,'*  ho  said,  '*  their  calciform  or  oxidated  Btate  might  have  been  denoted  by  a  termina* 
tion  in  a,  as  aura,"  a  ruk  already  followed  in  the  Latin  nomenclature  of  the  alkalis 
and  earths,  which  Davy's  own  experiments  bad  proved  to  belong  to  the  claaa  of  oxides. 
Similarly  he  proposed  to  denote  the  chlorides  containing  one  pn^rtion  of  chlorine  by 
names  ending  in  -one,  and  those  containing  two  and  three  proportions  re^>ectively,  by 
names  in  -ima,  and  in  -aiUe ;  for  the  iodides  he  proposed  names  in  ^ame,  and  -ama  ;  for 
the  flaorides,  names  in  -aUy  and  -ala.  According  to  this  system  the  oxide,  fluoride, 
iodide  and  chloride  of  lead  were  called  respectively  plumoa,  pluvibalOf  plumbanuif 
and  plumbana^  and  the  corresponding  compounds  of  other  elements  received  names 
similar  in  form.  When  he  proposed  this  nomenclature,  Davv  seems  to  have  over- 
looked the  fact  that  the  statement  that  any  two  bodies  are  analogous,  is  just  as  truly, 
and  usnally  to  abont  the  same  extent,  an  expreeeum  of  opinion  respecting  them,  as  it  is 
to  say  that  they  contain  some  particular  element  in  common.  The  only  relic  of  this 
system  which  we  remember  meeting  with  in  the  currrat  literature  of  chemistzy  is 
Axotan,  which  is  entered  in  the  Handworterbuck  der  Chemie  (2nd  edit.)  as  **a  Lttle 
used  name  for  chloride  of  nitrogen." 

Several  other  attempts,  not  more  suceessfol  than  that  of  Davy,  have  been  made  to 
substitnte  some  entirely  different  method  of  nomenclature  for  that  proposed  by 
Lavoisier  and  his  colleagues,  but  it  would  ofler  no  particular  interest  to  examine  them 
here.  Beferenees  to  works,  where  particulars  may  be  found  relative  to  some  of  these 
attempts,  are  given  at  the  end  of  this  articleb 

It  is  also  needless  to  particalarise  all  the  modifications,  by  the  gradual  introduction 
of  which  the  Lavoisiezian  nomenclature  has  developed  into  the  language  employed  by 
chemists  at  the  present  dav.  The  most  important  of  these  changes  have  had  for  their 
'object,  either  the  substitution  of  names  in  accordance  with  modem  views  of  the  nature 
of  certain  substances  for  earlier  names  which  were  in  opposition  thereto  (as  of  chlorine 
and  hydrochloric  acid  for  oxymuriatic  acid  and  muriatic  acid  respectively ) ;  the  more  exact 
statement  of  the  quantitative  composition  of  compounds  (as  for  instance  the  employment 
of  the  prefixes  ^ht>,  hypo-,  &c.,  m  addition  to  the  terminations  -ic  and  -oim,  -ate  and 
'ite,  to  distinguish  the  various  classes  of  oxygen-salts  formed  by  the  same  element,  and 
the  use  of  numerical  prefixes,  snch  as  di-^  tri-j  eesqvi-^  for  analogous  purposes);  or, 
lastly,  the  introduction  of  greiU«r  uniformity  in  the  methods  of  naming  analogous  com* 
pounds  (as  the  employment  of  the  termination  -ide  in  forming  the  names  of  the  binary 
compounds  of  all  the  elements,  that  is  to  say,  the  substitution  of  such  names  as  su/;>fttff^ 
hydride^  &e.,  for  eutphuret^  hyditret,  &c ;  the  extension  of  the  use  of  the  terminations 
-tc  and  -oiu  to  metallic  salts,  such  as  mercuric  and  mercurotu  chloride,  ferric  and 
/erroue  sulphate,  &&;  and  the  substitution  of  the  names  of  the  alkali-metals  and 
alkaline-earth  metals  for  those  of  their  oxides  in  the  nomendatare  of  the  corresponding 
oxygen-salts,  e.^.,  carbonate  of  sodium,  nUphaie  of  barium,  &c.,  for  carbonate  of  soda, 
sulphaie  of  baryta,  &c,  so  as  to  bring  the  names  of  these  bodies  into  uniformity  with 
those  of  the  salts  of  the  heavy  metals,  eulphate  of  copper  for  example*). 

*  The  name*  nilfato  de  Momde.  lulfiite  d*  J«ry<«,  *uinrt«  de  mivre,  ttc  were  oriflDallf  nrktly 
sulo(oui  to  sacli  oUwE,  loda,  barjru  sod  copper  tMing  all  oC  tbraa  nsardsd  ai  lUnple  boolc* ;  bitt 
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In  Btnting  the  roles  which  are  now  moet  geofrallj  adopted  in  forming  tho 
chemical  BubetAneefl,  it  will  be  conrenieDl  to  retain  the  old  distiDction  between  ioo^ 
gantc  and  orsanic  compoundB,  tho  noiuencUture  of  the  former  cIam  bring,  as  we  hara 
already  atatea,  for  the  moct  part  a  mere  ext4?iuiiuD  ofthatofLaroiaier  and  his  coUca^ca; 
while,  among  the  Utter  claas,  the  large  number  of  bodies  compoaed  of  the  same  eli^mi^Dtd 
bus  aeoeaatated  the  at  least  partiid  adoption  of  other  principles  of  nomenclatore, 

NoXXKCLATrVB  OF   IkOKOAKIC   BOUIBS. 

Namet  of  tke  EUmtnis. — No  uniform  principle  has  been  followed  in  tho  nomeorla- 
tore  of  the  elementary  bodies.  Those  wluch  tiare  bem  long  known,  have  been  allowed 
to  retain,  either  entirely  unaltered,  or  with  slight  modifications,  the  names  wbiohbelon^^ 
to  them  in  common  language;  as  iron,  sulphur,  tin,  zinc,  carbon.  &o>.  Of  ele- 
ments disoorered  In  recent  times,  those  of  which  compounds  were  previously  known 
hare  generally  received  names  derived  from  those  of  their  U'st  known  mmpoaods.  as 
potasflium,  sodium,  aluminium,  magnesium,  eilioium.  Elemonta  whose 
discovery  belongs  mora  completely  to  modern  times  have  been  named  in  very  vartoas 
ways ;  sometimes  from  tho  name  of  the  place  where  the  onbstaoce  which  firwt  yielded 
the  element  was  originally  found,  as  strontium  from  Strontisn,  and  yttrinm, 
terbium  and  erbium  from  Ytterby;  sometimes  from  some  chamctrristic  property 
of  the  element  itself  or  of  ita  compounds,  as  iodine,  bromine,  rhodium,  osmi  Dm, 
chromium;  sometimes  from  the  circumstances  which  led  to  the  discovery  of  the 
clement,  us  csesium,  rubidium,  thai  lium,  indiurn,  all  of  which  names  refer  to 
the  colour  of  the  spectroscopic  lines  by  means  of  whicli  the  renpertive  iftetals  wtre 
detected ;  sometimes  a  salient  chemical  or  physical  property  has  determined  tho  cboioe 
of  the  name,  as  in  the  cases  of  oxygen,  and  chlorine.  Many  names  of  elements 
commemoratepersonagesofcl&ssical mythology. as  palladium,  niobium,  titanium, 
selenium,  tellurium,  uranium;  while  two,  tborinam  and  vanadiam,  pflr> 
form  the  same  office  fur  Scandinavian  deities. 

But  notwithftt^nding  this  zmat  variety  in  the  sources  from  which  the  names  of  fbe 
elementary  bodies  are  derived,  these  names  yet  exhibit  a  curtaiu  amount  of  regnlari^ 
in  regard  to  their  forms :  thus,  the  m^ority  of  the  met4ilR,  including  all  those  discoyered 
in  recent  times,  have  namc^  ending  in  -um,  and  this  t^trmination  is  confined  exchuiTelj 
to  well  characterispd  metals  and  to  selenium,  tellurium,  andsilicium,  bodies 
which  lie  nearly  upon  the  border-line  between  metals  and  metalloids ;  again,  the  name* 
of  the  halogens  fluorine,  chlorine,  bromine,  and  iodine  all  end  in  -ine,  and 
the  names  of  another  group  of  somewhat  analc^us  element^  boron,  carbon,  and 
silicon  *  (or  silicium),  bsve  the  common  terminaiion  -on. 

Names  of  Inorganic  Compountis. — The  simplest  compounds  of  the  elementary  bodaot 
are  denoted  by  names  ending  in  'id« ;  thus : — 

The  simplest  compounds  of  chlorine 

„  „  bromine  ,, 

„  „  hydrogen 

„  „  oxygen 

H  M  aalphur  „ 

„  „  nitrogen  „ 

„  M  phopphorufl     „ 

„  „  carbon  „ 

&c 
ThosH  names  may  be  considered  as  names  of  gmera:  in  order  to  denota  indiriji 
comjKiunds  we  require  to  add  to  them  specific  distinctioD.-^  indicating  the  second  element 
which  each  particular  compound  contains.  The  specific  name  of  a  compound  body  is 
forci'MJ  from  its  generic  name  by  prefixing  an  adjective,  generally  ending  in  •ur,  or  by 
adding  thereto  the  name  of  its  second  elomentaiy  constituent  preceded  by  of,     Thoa 

whrn  the  aJkalli  tnd  earthi  hul  b«ea  proved  bjr  Dftvj  to  Iw  ntetallic  oxtd^i,  tha  noaicndalur*  of  thetr 
m'i*  c*><«>«1  Co  b«  In  «XM:t  «c<-ordaiice  with  thiit  M  the  c>rrc^p(indinK  mIu  of  ihv  hravjr  met«lc.  Tl>« 
cltJOity  retn«dl>  fur  thU  »t»tr  of  ihinin  which  rontjttfd  in  ilolftn&tinfi  fh»  Utter  rU>a  uf  «alU  hy  oara** 
t(k«  culphittB  of  oiMf  nf  copper,  tiilphat*  of  prot-^d*  of  tron,  autfihate  oi  tf*(ptnn*de  qf  irott,  Ac, 
would  Kkiurrrlly  notrr  have  hprn  Adopted  b5  I.ATnUt<!r.  Ic  !•  fiUlH  Imm  iriAikjr  pMtkAgpi  in  nil  writtnn 
(Me,  for  Initanre,  hla  TrtuU  flimmtaire  de  Chimit.  *(il.  I.  pp.  174.  JTf^-IW.  ind  lljS).  that  he  wm  f^xXif 
AWftra  of  lh<>  tinpartaril  oiflVrenctM  sihlbltDd  by  mrtali  on  tbtt  nn«  hiinl,  KUd  \rj  trrUlllc  o&tdat  or 
alfejillt  ind  HlkaHne-ipaJthi  oq  the  iKhtr  hanci.  In  the  plicnomr-nA  which  Acrnnipaiir  thHr  convf-nlon  Into 
•Attn,  arid  that  h«  >cTeQ  reftardcd  th«-*e  pht>iioni»na  ai  liidlcatinfr  that  the  alkaliTi>p-f>artht  were  In  reatltty 
BiPlallic  oxuln.  He  ri)-v«rth«leu  did  not  vpnture  to  Intrnduce  into  the  iiamei  or  the  ulia  oftbete  iub> 
■tancri,  the  namet  of  th«  meula  which  he  luppoaMJ  them  to  cunuin.  lDa»roucti  at  the  exlitencre  of 
tbt?««  mrUlt  had  not  yet  txrm  riperliDcotallr  demoniiratcil ;  but  hati  tbr»«  iiieUli  bfcn  known.  It  if 
qulic  coriain  Ihnt  tliclr  iiwnev,  and  not  tboM  of  thrlr  oaldrs,  would  have  been  •elected  bf  him  to  form 
tni-  hxtU  orihf  nritneivclature  orthecorrcapondiiig  tAii.  Stwalso  Chinevlx,  Remark*  upun  Ckcmutmi 
Hvmcnctnturf  ( l^'OO.  If)03),  pp.  30,  7&. 
*  The  name  Grapkon  I9.  v.)  !•  formed  upou  tbe  uialomr  of  ibcM. 


are  called  chlorides, 

I,       „  Ijroroidea, 

„       „  hydrides. 

n       „  oxides. 

I,       „  sutphidet. 

„       „  nitrides. 

„  phosphides. 

„  carbides. 
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th^  oompoands  of  chlorine  with  hydrogen,  potassium  and  silTer,  respectiTelj,  arc 
called  hydric  chloride  or  chloride  of  hydrogen,  potassic  chloride  <m* 
chloride  of  potassium,  and  argentic  chloride  or  chloride  of  silver.  When 
the  relntiTe  electro-chemical  characters  of  the  constituents  of  a  binazy-compound  are 
well  marked,  the  most  electi<o-nep;atiTe  of  the  two  is  always  taken  as  the  one  which 
shall  snpplj  the  generic  name,  while  the  specific  designation  is  derived  from  the  more 
electro-positive  constituent,  as  in  the  foregoing  examples.  When  there  is  no  vezy  dis- 
tinct dilBFerenoe  in  the  positions  of  the  two  constituents  in  the  electro-chemical  series, 
the  generic  or  speciflc  name  may  be  formed  from  either  of  them  indifferently :  Uins,  we 
ID^  say  either  carbide  of  hydrogen  or  hydride  of  carbon. 

If  the  same  two  elements  combine  in  more  than  one  proportion,  the  compound  into 
which  they  enter  in  the  ratio  directly  indicated  by  their  respective  combining  capacities 
(C?LAssiFicATiov,  L  1011)  is  generally  named  in  accordance  with  the  above  rules;  the 
Inodes  of  distinguishing  compounds  in  other  proportions  will  be  seen  by  the  following 
examples  i— 

H*0  >»  hydrie  oxide,  or  oxide  of  hydrogen, 

K*0*  wM  hydrie  dioxide,  or  dioxide  of  hydrogen; 

CuCl'  »  eupric  chloride,  or  chloride  of  copper, 

Gu*Cl'  =1  cuprous  chloride,  or  dicupric  chloride;  or  (if  renrded  as 

Q^Qtl  .  — - — i  eupric  hemtchloride^  or  hemichloride 

of  copper,  or  subchloride  of  copper; 

CuO  »  eupric  oxide,  or  oxide  of  copper, 

CuK)  M  cuprous  oxide,  or  dicupric  oxide,  &&; 

FeO  »  ferrous  oxide,  or  protoxide  of  iron, 

Fe*0'  »  ferric  oxide,  or  sesquioxide  of  iron; 

MnO  —  manganous  oxide,  or  protoxide  of  manganese^ 

UnK)'  B  manganic  oxide,  or  sesquioxide  of  manganese, 

HnH>*  —  manganoso-manganic  oxide, 

HnO'      «  manganic  dioxide,  or  dioxide  of  manganese,  or  manganic 
peroxide,  or  peroxide  of  manganese. 

It  will  be  seen  that  in  the  case  of  iron  and  manganese,  the  simple  namtm  ferric  oxide 
and  manaanie  oxide  are  not  given  to  compounds  whose  composition  bears  the  most 
direct  relation  to  the  atomicity  of  these  metals,  and  many  other  instances  of  the  same 
kind  might  be  adduced.  The  reason  of  this  is  that  the  nomenclature  of  these  com- 
pounds was  fixed  long  before  the  rules  of  atomicity  had  been  discovered ;  the  terms 
ferrous  and  ferric,  manganous  and  manganic,  and  the  like,  having  been  employed  at 
first  merely  to  denote  two  distinct  series  of  compounds  formed  by  the  same  elements  in 
different  proportions,  but  without  any  reference  to  the  absolute  proportion  of  the  elements 
in  the  compounds  of  either  series. 

The  nomenclature  of  chemistry  still  bears  traces  of  the  time  when  the  combinations 
of  oxygen  were  considered  as  altogether  transcending  in  importance  those  of  any  other 
element.  Accordingly  the  terms  protoxide  and  sesquioxide  having  been  introduced  to 
denote  oxides  whose  atomic  composition  was  expressed  by  the  ratios  1 :  1  and  2  :  3 
respectively,  the  analogous  terms  protochloride  and  sesquichloride  are  applied  to  the 
corresponding  chlorine-compounds,  although  in  their  case  the  above  ratios  become  1 :  2 
and  2  :  6,  e.^.  FeCl*  —  protochloride  of  iron,  Fe*Cl*  —  sesquichloride  of 
iron.  Sometimes,  however,  the  term  protoxide  is  used  to  denote  the.^r«^  or  lowest, 
oxide  of  a  metal  whatever  its  atomic  composition  may  be ;  thus,  for  instance,  cuprous 
oxide,  Cu*0,  is  sometimes  called  protoxide  of  copper,  especially  in  the  writings  of 
French  chemisCa,  and  the  other  compounds  of  the  metal  receive  corresponding  names ; 
e^,  eupric  oxide,  CuO,  becomes  deutoxide  of  copper.  Such  names  as  these  are  not 
however  to  be  recommended,  since  the  discovery  of  a  new  oxide  of  any  metal  might  at 
any  time  throw  the  nomenclature  of  its  compounds  into  confusion. 

Formeriy  a  distinction  was  made,  at  least  by  some  chemists,  between  the  Greek  and 
Latin  numerals  when  used  as  prefixes,  the  formw  being  employed  to  denote  sub-mul- 
tiples and  the  latter  multiples  of  the  quantity  of  the  electronegative  element  contained 
in  the  componnd  whose  atomic  ratio  was  1 :  1.  Thus,  cuprous  oxide,  Ca'O,  ms  called 
dioxide  of  copper,  and  manganic  peroxide,  MnO',  was  called  binoxide  of  man^anese^ 
Such  prefixes,  whether  derived  from  the  Greek  or  Latin,  are  employed  in  this  work 
only  in  the  sense  of  multiples  of  those  constituents  to  whose  names  they  are  attached, 
thufl^  hydrie  dioxide,  H*0*,  is  an  oxide  containing  twice  as  much  oxygen  as  hydrii 
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«xide,  H'O;  bat  dicQpri<?  oxide.  Cu'O,  n  an  oxide  containing  twiee  u  ranch  copper  m 
caprie  oxide,  CuO.  Tenu«  derived  frooi  either  l&ngnBgemaTeometiiiiM  be  uBMlisdi*- 
vriininatelj^,  bal  in  gcncrul  tho  prffereiioe  is  given  to  tbeOre«k  prefixes  (^'-,  in;  tetr-,  ^c 

The  retttriction  of  the  terror  suboxide  and  peroxide  to  oxides  whose  oompositioa 
did  not  curr«spond  to  that  of  ii  «erie«  of  nalt*  hnn  now  becomp  nearly  ohRoletp. 

Those  oxiiU's,  whit-h  by  n^ucting;  with  the  ba^ylouB  oxides  are  capable  of  producing 
Bulls,  are  commonly  called  anhydrides  {quasi  snhydmus  acids}:— for  instance,  S<? 
ss  sulphuroug  anhj/drith,  SO*  =  ifulpkuricank^firidr,  Vl'O  •=  hypccklorous  anhydride^ 
C1*0'  —  cMm'ous  anht/dridr,  CPO*  =  chloric  anhydride,  Cl'O'  =  percKlorie  ankydrid*^ 
&c.;  and  Oi'rbanlt  propos4>d  to  extend  the  same  principle  of  nomenclature  to  the 
corresponding  compounds  of  othrr  elements :  thus  ho  called  PO*  nkattphmc  anhydridey 
and  P'S*  and  PCI*  phosph'Hc  snlf •hanky dridf  and  phdt&phortc  cmoranhydride  respeC' 
tivt'ly.  Such  names  as  these  last  have  not  b^cn  extensively  adopted,  and  it  would 
probably  be  a  jester  sdnintage  to  get  rid  of  the  tprm  anhydride  altogether  than  to 
generalise  its  use  in  thi^  way.  The  longest  series  of  oxides  may  be  easily  named  in  tba 
muiner  indicate!  above  (p.  123)  without  employing  the  word  anhydride  at  all :  as  C1*0, 
cblurio  oxide;  Cl'O*,  chlon'c  diuxide;  CIK)*,  chlonc  trioxide;  CIK)*,  chloric  tetroxide; 
CIH!)*,  chloric  j)entoxide,  \c.  Naaes  like  prrchlone  oxide  for  Cl'O*  and  pemitric  axid4 
for  NK)*  are  improper ;  if  the  pn-fix  per-  is  pn*ferred  to  the  more  definite  nnmnrical  pn- 
fix  (rtr-,  the  compounds  nhoula  be  culled  chloric  peroxide  and  nitric  peroxide  reaper 
lively ;  and  so  for  other  similar  bodies. 

As  well  as  the  strictly  systematic  names  which  we  have  hitherto  been  discnssin^ 
many  binary  compounds  pofsess  other  names  which  mmtt  be  r^cardcd  as,  to  some  ex- 
tent, exceptions  to  the  general  rules  of  nomenclature.  This  is  the  case  particularly 
with  the  compounds  of  hydrogen :  thus  bydric  fluoride,  chloride,  bromide,  iodide,  and 
sulphide  are  also  enlled  hycfroflooric  acid,  hydrochloric  acid,  hydrobromic  acid, 
hydrio<lic  acid,  and  sulphydric  acid  respectively.  Names  such  as  water  and  ammonis, 
which  have  no  refercnci^  to  chemical  composition,  we  have  not  now  to  consider. 

As  has  bet'n  pointed  out  in  previous  articlea  (Classificattow,  i.  1015  ;  EautTAi-icNTS, 
ii.  493  ;  Fobuul£,  ii.  696),  the  simpleflt  compounds  are  those  in  which  the  combining 
capacities  of  the  elements  are  2t*nenilly  moot  distinctly  manifested,  and  consequently 
such  compounds  serve  as  standards  of  comparison  or  t3*pP8  for  others  of  much  more 
complex  composition.  In  a  rational  nomenclature,  thfrefore,  the  name  of  each  coro- 
poond  would,  like  its  mtional  formula,  expreas  the  relation  in  which  it  stAnds  to  some 
particular  ftandaid  or  typical  compound.  Accordingly,  when  the  nomenclature  of  the  pri* 
mary  types  chloride,  oxidf,  nitride,  &c.  is  given,  the  nomenclature  of  all  their  immediate 
derivatives  is  eawily  obtained.  The  examples  already  given  will  suffice  to  illustrate 
this  in  the  simplest  esses ;  the  poljatoniic  elements  however  frequently  form  compounds 
referable  to  muitiple  or  mixed  types,  the  nomeuL^lature  of  which  requires  a  little  farthef 
explanation.  It  will  be  sufficient  however  to  rive  the  names  of  the  most  important 
multiple  and  mixed  typos,  with  a  few  examples  of  tha  nomenclature  of  individual 
compounds. 

The  namos  of  the  mtiltiple  types  are  formed  from  those  of  the  simple  types  by  pre- 
fixing the  Bvllablea  o'l-,  yW-,  ^^r-,  &;c,  :  thus,  the  s^lmple  types  chlorido  HOI.  oxide 
H'O,  and  uitride  (oruDiidn)  U'N,  give  the  multiple  typ-s  dichloride  HM.T,  tri- 
chloride H'Cl*.  &c,  dioxide  H*0»  trioxide  H*0",  &c.,  dinitride  (or  diamide) 
H*N-.  trinitride  (or  triamide)  H"N',  &c.  No  very  fiiedsystemhas  yetboen  adopted 
for  the  nomenclature  of  the  mixed  types,  but  they  may  be  very  simply  named  and 

with  scarcely  any  deportaro   from  established  usage,  as  Ibllowa:   jrji  [  »  chloro- 

H'Ol'^  HCl    1 

bromide.    ^^    [  »  dichloro-bromide,   HsBr*  r  * '^^^^ 


loro-dibromide,  &c. 


jjiQ  j  =  oxi-chloride,^iQ    J=    oxi-dichloride,    q(q,J  »  dioxi-obloride^ 

jT,Q,  J  SK  trioxi- dichloride,  &c. ;  gw[  =  chloro- nitride^  g^  {«  diehloro- 

HOl  )  H^O  I  H*0'/ 

nitride,  h4p>  -  chloro-dinitride,&c.;  ^^^i  —  oxi-nitride,  ^^  [Bdiozi- 

H'O  ?  ^^^  1 

nitride,   u«v',^  —  oxi-dinitride, &C;    S^O  woxi-chloro-nitrid&,&e.   The 

u  >  J  h*nJ 

name  kydoramide  or  hyd&ramine  has  been  suggested  hy  Keknlfc  for  the  mixed  type 
H'N  [*  ^^^  has  been  employed  in  several  places  in  this  work. 

From   the  names  of  types,  the  names  of  particular  compounds  are  obtained  by 
prefixing  to  them  a^jectires  which  express   tho  nature  of  the  element  by  which 
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the  hydrogen  of  the  type  ui  replaced  and  the  ntimber  of  atoms  of  it  contanied 
in  one  molecule  of  Uie  compound.  Examples:  PtCl*  »  platinxc  dicblo- 
ride,    FbK)*    »  diplambic    triozide,    FbH)*   »  triplumbic   tetrozide, 

^,  |o*  »  diplnmbo-dihydric  triozide,  m  [O*     »    triplumbo-dihydric 

(CI  tCl* 

tetrozide,BiJQ   «  bismuthie  ozi-chloride,  Fb'JQ    »  diplnmbicozi-di- 

chloride,  Fb*JQ«  »  triplumbic  diozi-dichloride,  Hg*  Jq,  »  trimerearie 

diozi-diehloride^    ^qhTC  *  mercnrb(or  hTdazgyto-)  dihjdrio  chloro-ni- 

tride,    ^wt[  ■  tetramercuro-tetrahydrio    trioxi-dinitrid^  ^g.|o« 

»  tetramercuro-tetrahjdric  diozt-dichloro-dinitride. 

When  ve  are  able  to  assume  that  the  combining  capacity  of  an  element  ia 
known,  there  is  no  need  to  ezpreaa  this  in  the  namee  of  its  compoundsp  and  in  thai 
case  names  formed  as  above  often  admit  of  considerable  simplification.  Thus  it  is 
sofflcient  to  call  BaCl*  baryHc  eMorieU,  instead  of  bajrtic  dichloride ;  BaH'O'  baiyto* 
kydric  oxide^  instead  of  luryto-dihjdric  dioxide ;  BiCI*  bitmuthic  chloride,  instead  of 
bismuthic  trichloride,  &c.  A  farther  simpliflcation  of  many  of  the  above  names  is 
effected  by  using  the  term  hydrate  for  deriratiTes  of  the  type  H*0  and  its  multi- 
ples in  which  the  hydrogen  is  only  partially  replaced  by  other  elements,  and  the  term 
amine  or  amide  for  compounds  aerived  br  similar  partial  replacement  from  the 
type  H^N  and  its  multiples.  For  instance  £lHO  may  be  called  potassie  hydrate  in- 
stead of  potassio-hydnc  oxide ;  BaHH)'  may  be  called  Aar^w  Ay<£ra^  instead  of  baryto- 
hydric  oxide  or  baryto-dihydrie  dioxide ;  BiH*0'  may  be  caJIed  bumuthic  hydrate 
instead  of  bismutho-trihydric  trioxide ;  Fe'HH)*  may  be  called  ferrie  hydrate  instead 
of  diferrico-hexfaydhc  faexoxide,  &c.  Similarly,  KH*N  mar  be  called  potOBeanUne, 
instead  of  potassio-dihydric  nitride ;  K'HK  may  be  called  dipotaeiamine,  instead  of 
dipotassio-nydric  nitride,  &c  The  use  of  the  terms  phosphamine,  araenamine,  and 
sUbamine  for  the  respective  compounds  H'F.H'As,  and  H'Sb  is  improper,  inasmuch 
as  the  termination  -amine  (derived  from  ammonia)  ought  to  be  rraerved  for  the  com- 
pounds of  nitrc^n,  the  characteristic  element  of  ammonia ;  they  moreover  oom]detely 
violate  the  anuogy  of  such  names  as  those  last  spoken  ot  for  if  jpotassamine  and 
mercuramine  are  compounds  derived  from  ammonia  oy  the  substitution  of  potassium 
and  mercury  for  hydrogen,  phosphamine,  arsenamine  and  stibamine  ought  to  be  bodies 
similarly  d^nved  by  the  substitution  of  phosphorus,  arsenic  and  antimony  for 
hydrogen.  H"F,  H'As,  and  H'Sb  ought  to  be  called  either  kydrio  phoephide,  kydrio 
areentde,  and  hydrio  stibide,  or  phoephiru^  arnne,  and  stibine. 

The  rules  followed  for  the  nomenclature  of  the  oxygen-salts  are  eesentially  the 
same  as  for  the  compounds  we  have  been  hitherto  considering^  except  that  instead  of 
the  termination  -ide  we  have  the  terminations  -ate  and  -iU.  When  an  element  forms 
only  one  class  of  salts,  the  name  of  the  class  is  formed  from  that  of  the  element  itself 
by  means  of  the  termination  -ate.  When  an  element  forms  two  classes  of  salts  the 
^Deric  name  of  those  which  contain  most  oxygen  is  usually  formed  in  the  manner 
just  described,  and  the  generic  name  of  those  containing  less  oxygen  is  similar  but 
ends  in  -ite  instead  of  in  •ate.  If  the  same  element  forms  more  than  two  elassess  of 
salts,  the  preflxee  hypo-  and  per*  are  employed  as  farther  means  of  distinction,  or 
occasionally  some  special  system  of  nomenclature  is  adopted.  The  fdlowing  examples 
will  illustrate  the  application  of  these  rules  to  particular  cases : 

KKO*  ■>  Potassie  nitrite  or  Kitrite  of  potassium. 

AgNO*  «  Argentic  nitrite  or  5itrite  of  silver. 

KNO*  «i  Potassie  nitrate  or  Kitrate  of  potassiunL 

AgNO*  —  Argentic  nitrate  or  Nitrate  of  silver. 

Ba(NO')'  wm  Barytic  nitrate  or  Nitrate  of  barium. 

KCIO  •«  Potassie  hypochlorite  or  Hypochlorite  of  potassinio. 

£C10*  ■■  Potassie  chlorite  or  Chlorite  of  potassinm. 

KCIO"  ■>  Potassie  chlorate  or  Chlorate  of  potassium. 

KCIO*  «  Potassie  perchlorate  or  Perehlorate  of  potassinm. 

E'SK)'  w  Potassie  hyposulphite  or  Hyposulphite  of  potaisinnu 

E*SO*  »  Potassie  sulphite  or  Snlphita  of  potassinm. 
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K*S*0*      ■*  FotasBic  hjpoBnlphate  or  IlypoBuIpfaate  of  potasainiii. 

lOSO*       e  Potasfiic  aulphate  or  Sulphate  of  potaBBium. 
In  a  fpir  casm,  namoB  fonned  in  the  saine  manner  as  these  arc  given  to  saltB  whiell 
differ  othenrwe    than   in   the  mere  proportion  of  oxygen   that  they   ocatau):    for 
iuBfane* — 

KH'PO'  =  Fotassic  hjpophoBpfaite  or  HypophosphiteofpotaBsinm, 

KIZPO'   «  Potaasic  phoBphitPor  Phosphite  of  potuBBium. 

K'PO*      =  Potaaaio  phosphate  or  Phosphatf^  of  potaBBinm. 

These  tliree  rlaaaes  of  salta  differ,  aa  will  be  obserred,  in  respect  to  the  quantity  of 

hydrogen  as  well  aa  of  oxygen  which  they  contain.     The  expliuiatiou  of  the  anomaly 

presented  by  their  nomenclature  is  to  be  sooght  for  in  the  history  of  the  viewa  tlict 

hnTe  been  held  at  Tarioua  times  regarding  their  oonatitutjon. 
The  nomenclature  of  mixed  salta,  that  is,  of  salts  containing  more  than  one  metal  or 

more  than  one  radicle,  is  a  little  more  complicated  than  that  of  such  aa  precede,  bat  it 

will  be  easily  understood  from  a  few  examples :  r.  g. — 

KUSO*  —  Hydro-potassic  sulphate  orSnlphate  of  hydrogen  and 

potassium. 

KA1(S0*)*  a  Alumino-potaasic  salphate.or Snlphateof  alamtninm 

and  potaBBiam.  (In  the  nnme  of  this  salt  it  is  not  neodfol 
to  specify  that  it  contains  tvice  the  group  80*.  tiiis  being  already 
implied  when  it  ia  stated  that  cadi  molecule  contains  an  atom 
of  potoAsiam  and  on  atom  of  aluminium,  the  snm  of  whose  atomi- 
cities is /our  «  twicetbeatomicity  of  thegronpSO*.  A  similar 
remark  applies  in  a  great  many  other  caaea.) 

Al*(30*)0"  e  Aluminic  sulphato-dioxido.* 

Fc*(SO*)K)  ^  Ferric  disulphato-oxide." 

PbH(NO*)0  a  Hydro-plnmbic       nitrato-oxide,*      or     Plnmbie 

nydrato-nitrate. 

Rin'(NO')0«        «  Dihydro-bismuthic   nitrato-dioxide .• 
B4i(C=UH)'X^0*)  *»  Uarytic  aeetato-niirate  or  nitrato-acetate. 
Pb<C»iPO')Cl        -  Plumbic  acetato-chlorido.* 

Thp  Bystematin  nsmea  of  the  hydrogpn-salto  are  of  conrse  similar  to  those  of  the 
corresponding  snlle  of  other  roetala ;  these  nami-H,  however,  arc  not  very  commonly 
n!>etl :  it  is  more  usual  tu  speak  of  the  hydrogt:n-salLs  as  acids.  Thus,  for  example, 
HSO*  is  more  frequently  called  nitric  acid  than  hydric  nitrate,  H^SO*  more 
fr(>quenily  sulphuric  acid  than  hydric  sulphate,  he  With  regard  to  the 
uumciiclature  of  the  acids,  the  following  rules  are  observed  :  if  the  s^'stematic  name  of 
a  hydrogen-salt  is  hi/dric — ate,  it«  commun  name  is  — ieacid ;  una  if  ita  Bystematio 
name  ia  hydric  — He,  its  common  name  ia  — ous  add :  examples — 

Sjnemattc  oimei.  Comroan  mubm. 

Hydnc  hj-pochlorit«.  Hypochlorous  acid. 

Hydric  chlorite.  Chlorous  acid. 

Hydric  chlorato.  Chloric  acid. 

Hydric  perchloratc.  Perchloric  acid. 

SimilarLyt  mixed  salts  of  hydrogen  and  any  other  metal  arr^  frequently  called  acid 
salt*:  «.^.»  hydro -^otassic  sulphate,  KH80*,  ia  often  called  acid  sulphate  of 
potassium;  and  dihydro-potassic  phosphate,  KH'PO*,  is  oftoi]  called di acid 
phosphate  of  potassium.  On  the  other  hand,  mixed  salts  fornied  by  the  union  of 
the  type  oxide  with  the  type  of  any  simple  salt,  whether  containing  hydn>p:en  or  not, 
are  often  called  bn^nic  saUs,  c, g.,  plumbic  dioxi-dinitrate,  Pb'(NO*)H;)',  and 
pfumhic  hydrato-nitjate  are  eai-h  of  them  called  basic  nitrate  of  lead;  in  like 
m&rnpr,  ferric  oxi-diaulphate,  Fo'0(SO*)',  and  ferric  dioxi-eulphatc,  Fe*O'(S0*) 
are  called  basic  ferric  sulphates,  or  basic  sulphates  of  iron.  Such  names  aa 
thefle  are  often  convenient  when  speaking  of  certain  well-known  compounds,  but  for 
scientific  purposes  they  are  better  avoided. 

Allien  a  mf*tal  furmn  two  series  of  oxygen-salts  of  the  same  generic  name,  the  salts 
of  the  two  series  are  distinpniahed  in  the  same  manner  aa  the  various  oxides,  chloridM, 
&L'.,  of  the  metal.  THuh  we  spwik  of  mercurous  nitrate  and  merrnrous  sul- 
phate,   mercuric    nitrate  and  mercuric    sulphate;    ferrous    sulphate  or 

*  Scrfctiv  ipeaktnjT,  the  namei  or  thru  salts  would  Itr  pquatlj-  mrrert  If  lnr«rt«l  thus :  ahantnic 
dii*^-*uiphate,  frrrie  oMi-dimJmhote,  kt/^rt^-pltmbie  ori'ttHra/g,  pUimhie  rMoTo-acftaU,Ac.;  iHit  in- 
conrmlrnce  might  iirt>e  fruir  the  um^  of  names  such  ■■  thne.  I^■»•m1lc^  ai  the  rarrcipoDding  iBrnis  in 
thp  caKofrFrt^tii  orgatvlc  lahi  wmuld  vcfy  clotrl)'  nosf>iiib)f*  (htr  neiniri  oriiJluUy  dlitlnct  compounds:  for 
tnttAnre,  an  oti-h<nxiifit'  f*T  dtati-bcm'vttf  woiiM  t>r  vrry  apt  lu  tic  coaluundrd  with  ou  oryhenvMUe  or 
^ft^yOMSte,  M  c4/orv-tt(^/aU'  uith  a  chioracetatf ,  Ac  Kc. 


NOMENCLATURE.  127 

jprotosnlpliate  of  iron  and  ferric  sulphate  or  setqnisnlphate  of  iron; 
«c.  &c 

Oxyg«n-BalU  beine  in  realitjr  merelj  a  particular  class  of  oxides,  there  are  of  course 
correspondiog  chloridm,  nitrides,  &c,  of  the  same  radicles.  The  nomencUture  of  these 
oompounds  has  never  hitherto  assumed  a  vei^  fixed  or  systematic  form,  radicles  sup- 
posed to  be  contained  in  the  Tarioos  classes  of  sidts  having  been  named,  one  by  one, 
according  to  no  general  system,  by  the  ioTestigators  of  the  compounds  of  each.  Thus 
the  radicle  PO  supposed  to  be  contained  in  the  phosphates  is  called  pho*phoryl ;  but 
the  radicles  of  the  phosphites  and  hypophosphites  have  no  recognised  names ;  the 
radicle  SO*  of  the  sulphates  is  called  tuiphuryl ;  and  the  ndicle  SO  of  the  sulphites 
is  called  tkionyl ;  again,  the  radicle  KO'  ef  the  nitrates  is  called  nitryl^  and  the  radicle 
NO  ^monatomic)  of  the  nitrites  is  called  nitrotyl  or  arotyl.  From  these  examples  it 
will  be  seen  that  there  is  no  certain  rule  by  which  the  name  of  a  class  of  salts  being 
given,  that  of  the  radicle,  supposed  upon  the  theory  of  types  to  be  contained  in  them, 
ean  be  deduced.  In  these  circumstances  we  may  venture  to  suggest  the  foUovring 
rule  as  applicable  to  such  cases :  to  form  the  name  of  the  radicle  of  any  class  of  salts, 
tuhatUute  the  ierminaHon  'jlfor  the  final  e  in  the  generic  name  of  the  salta  m  queeOon, 
According  to  this  role  we  uioold  have  such  names  as  the  following : 

Namai  of  SalU.  Munes  of  Badldei  raqulred  bj  typtcsl  foraaol*. 

Phosphates.  PhosphatyL 

Phosphitefl.  PhosphitvL 

Sulphates.  SulphatyL 

Sulphites.  SulphitTl. 

Nitzates.  KitratyL 

Kitritea.  NitrityL 

When  the  termination  -ie  is  added  to  the  name  of  a  radicle  in  order  to  fonn  the  name 
•f  a  compound  containing  i^  the  syllable  yl  may  generally  be  elided :  thus — 

POCl'   ■•  Phosphatic  chloride  or  Chloride  of  phosphatyl. 
SOHH'  B  Salphatic  chloride  or  Chloride  of  sulphatyL 
SOCl*   »  Sulphitio  chloride  or  Chloride  of  sulphityl. 
HO  l"*  ^y^i^o-Bulphatic  oxichlorideor  Sulphatic  ehloro-hydrate; 
The  nomendatore  of  the  oompounds  formed  when  oxygenated  radicles  replace  hy- 
drogen  in  the  type  H'N  or  its  multiple^  or  in  the  mixed  type  L-mvr  f ,  in  regard  to 

which  special  rules  are  followed  to  some  extent,  will  be  found  &lly  set  forth  in  the 
articles  Aioc  Acma  (i.  166)  and  Axxzns  (i.  169). 

Compounds  contwning  two  or  more  atoms  of  the  same  polyatomic  radicle  in  one 
molecnle,  and  resulting  nom  the  combination  of  two  or  more  molecules  of  the  simpler 
compounds  of  the  radicles,  as  explained  in  the  article  CLassmcATiON  (i.  1020 — 1022), 
may  be  distinguished  by  prefixing  to  the  names  of  the  simplest  corresponding  com* 
pounds  the  syUables  di-,  tri-^  &c. :  for  example— 

K^O'     —  Potassic  disalphate. 

K*OrH)*  B  Potassic  diehromate. 

Ka^P'O*  »  Tetrasodic  diphosphate  (Pyrophosphate  of  sodium). 

Ka'PK)*  B  Disodic  diphosphate  (Insoluble  metaphosphate). 

Ka'PK)'  -1  Trisodic triphosphate (Fleitmannandfiennebeig'smetaphosphate.) 

The  soH^ed  auiphursalte  which  represent  oxygen-salts  wherein  the  oxygen  is  re- 
placed to  a  greater  or  less  extent  by  sulphur,  may  be  named  in  precisely  the  same  way 
as  thecorrespondingoxygen-Bolts  by  prefixing  sulpho-  to  the  names  of  the  latter,  and 
also,  when  needfiil,  a  numerical  prefix  to  indicate  the  extent  to  which  the  replacement 
has  proceeded. 

KoiaurcLATiTss  or  Oroxmic  Bodixs. 

In  otganic  chemistry  we  have  to  do  with  many  hundreds  of  substances  formed  of  the 
same  three  or  four  elements.  It  would  therefore  be  an  utterly  hopeless  task  to  tiy  to 
frame  for  each  substance  a  name  like  those  of  in<»ganic  compounds,  which,  if  they  do 
not  directly  express  the  composition  of  the  bodies  to  which  they  are  applied,  have  at 
least  a  definite  relation  thereto.  A  classification  of  ozganic  bodies  vith  reference  to 
their  composition  alone,  would  be  far  from  affi}rding  an  adequate  expression  of  their 
nature  and  mutual  relations :  hence  a  systematic  nomenclature  for  them  can  be  founded 
only  on  a  daiwification  which  takes  eognisance  of  other  characten  in  addition  to  mere 
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compomtion.  Snch  a  diUKifictttion  muBt  be  fonnded.  first  of  all,  npon  the  fact  that 
almoBt  all  wpH-inTOfitigntt«d  organic  compouatb  are  found  to  admit  of  being  arranged  io 
croups,  which,  although  thej  may  differ  greatly  in  many  important  reapecta,  fx* 
hihit  a  certain  convffpondence  in  the  relatione  whirh  their  arvaral  roemhers  bear  to 
eiii^h  oUiPT.  Tbene  groupfl  acain  admit  of  dirision  and  subdirision  into  smAller  and 
Biiialler  gmupe,  the  indiriduAl  meml>ere  of  nhich  are  uiuri'  and  more  closely  related  to 
each  other,  until  we  come  toaabstancea  which  are  as  iiitimiit4>ly  coonected  together  by 
composition  and  properties  as  the  different  salts  cuDtaining  the  same  metal  or  the  same 
oxYKeu-nidide. 

Tbnii,  the  great  mf\jority  of  onzanic  compoundu  (we  are  of  course  Bpeakinf^  only^  of 
those  which  hare  been  suffioieotly  iuTestigated  to  allow  of  a  definite  position  beioK 
Hssigned  to  them)  belong  to  one  or  other  of  thn  two  great  series — the  Fatty  Serifo,  aad 
the  Arumatic  Scries.  Each  of  these  series  again  consiste  of  a  number  of  groups 
each  of  which  reflects  more  or  leas  completely  the  character  of  all  the  rvK  And  eaeh 
group  in  itn  turn  consists  of  a  nontber  of  alcohols  and  acids,  around  which,  as  central 
compounds,  ve  hare  to  classify  hydrocarbons,  ethers,  Bdlta,  amides,  allcaloTds,  and 
numerous  other  deriraliTes. 

Taking  the  alcohols  as  representing  also  the  corresponding  ethen  and  amines  and 
their  other  immediate  deriTntiTPS,  and  the  hydrogen -sait«  or  acids  to  stand  for  all  other 
fuilts  of  the  same  name  with  their  deriratires,  the  leading  terms  of  the  several  groups 
bclonisnng  to  t'ach  homologous  series  may  be  arranged  us  in  the  following  table ;  where, 
for  the  siike  of  clearness,  the  formulie  of  compounds  belonging  to  a  particular  g;roti[v 
tlje  tritylic,  are  fpvcn  (instead  of  general  formula  applicable  to  any  Rroup  whaterer), 
but  in  order  to  fill  up  the  scheme,  euch  terms  as  are  not  known  in  uis  gronp  are  z«* 
presented  by  fxamplca  borrowed  from  other  analogous  groups.* 


Al-COHOU. 

Acmo. 

Mon-  1 
aiomi<?.  J 

CH"0 
Tritylio   alcohol 

Propionic  acid. 

CB*CP 
PjrruTic  add. 

(C*H»0'-meUiticacid). 

Di-    1 

atomic.  / 

Tritylic  glycol 

(?H*0» 

Lactic  add. 

Dibamc. 

Malonic  add. 

Meaoxalic  acid. 

Tri*    ) 
at(jmic.  \ 

Glycerin. 

Glyceric  acid 

C"H*0» 

Tartronic  arid. 

Trihiuic. 

(C*H*0*iEacoaitiG  atiid. 

Tetr-  1 
atomic,  J 

(C<H'*0'=ery. 
thromanoitej. 

CH*0* 

(C'H*0*- gallic 
acid). 

(CH'O*^  tar- 
taric acid). 

CH*0' 
(C"HK)'-dtrifi«cid). 

( 


A  table  stmnar  to  the  above  has  already  been  given  in  the  article  Acids  (i  58),  ia 

which  place  furtlier  di  tails  will  also  be  found  respt^cting  the  oumpounds  represented 
by  the  special  Piamplea  here  given. 

The  homologons  series  to  which  each  such  group  belonga  is  determined  by  the  ratio 
of  carbon  to  hydrogen  in  its  individual  terras,  and  ita  position  in  that  serii*  by  the 
number  of  atoms  of  carlmn  which  they  contain  ;  while  the  position  in  the  group  of 
the  several  terms  themselves  is  determined  by  thi^ir  entire  composition  and  general 
cliemiral  fiinctioDS. 

Any  particular  compound  is  accordingly  completely  characterised  when  we  know  to 
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whtt  gion|)  it  belongs  and  what  is  its  place  in  that  gronp.  This  then  is  the  infor- 
mation which  it  is  required  that  the  naniee  of  a  really  systematic  and  rational  nomen- 
dature  shoiUd  giro  us,  concerning  the  enhstances  to  which  they  are  applied :  and  it 
would  seem  by  no  means  impossible  to  form  names  which  should  completely  satisfy 
these  requirements,  by  making  the  root  of  each  name  denote  the  group,  and  the  ter^ 
mination  or  a  stKiond  word  denote  the  faction.  Such  a  nomenclature  would  correspond 
precisely  with  the  typical  system  of  rational  formnUe  ;  for,  as  has  been  shown  in  other 
articles  (Classificatiox,!.  1022 ;  FoBsnri^  ii.  700),  these  formulse  express  by  means  of 
radicles  the  group  or  senetic  relations  of  the  subatancea  they  represent,  and  by  means 
of  types  their  chemical  functions.  Or,  again,  such  a  nomenclature  would  correspond 
with  the  binomial  nomenclature  of  the  natural-history  sciences,  according  to  which 
each  animal  or  plant  is  distingaished  by  means  of  two  Latin  words,  one  indicating  its 
genus,  the  other  its  speciea.  An  attempt  at  •  lystematii*  nomenclature  for  organic 
compounds  based  on  these  principles  is  contained  in  the  paper  referred  to  in  the  last 
foot-note ;  which,  though  not  sufficiently  snccessftil  to  mafce  it  worth  while  to  reproduce 
it  here,  we  allude  to,  because  we  are  convinced  that  it  is  in  this  direction,  if  at  all, 
that  a  rational  nomenclature  is  to  be  reached. 

The  existing  nomenclature  of  organic  chemistry  fulfils  to  a  considerable  extent,  in  a 
Biore  or  less  satisfactory  manner,  the  requirements  of  a  rational  nomenclature  as  thsM 
are  indicated  above  ;  it  howevar  still  retuns  a  good  many  habits  of  naming^  as  well  as 
individual  names,  inherited  from  the  early  days  of  the  science,  when  it  was  impossible 
to  foresee  either  the  direction  or  the  extent  of  its  subsequent  development,  and  hence 
poescsflcs  many  terms  formed  without  much  reference  to  anything  but  the  foncy  of  in- 
dividual chemists  and  their  taste  in  the  choice  of  euphonious  words.  But  the  greatest 
defects  of  this  nomenclature  arise  from  the  want  of  unanimity  among  chemical  discoverers 
and  systematisers  as  to  the  manner  in  which  the  principles,  reotwnised  more  or  less 
distinctly  by  all,  should  be  carried  ont.  And  tJiie  want  of  unanimity,  we  cannot  help 
thinking,  is  mainly  dne,  not  to  the  intrinsic  difficulty  of  the  subject,  so  much  as  to  the 
too  partial  manner  in  which  it  is  generally  considered — reforms  being  often  attempted 
in  particular  departments,  without  sufficient  thought  being  given  to  the  effect  which 
they  would  have  if  consistently  extended  to  the  nomenclature  of  other  parts  of  the 
science. 

In  describing  the  nomenclature  of  organic  chemistry,  as  it  at  present  exists,  we  shall 
consider  first  £e  methods  employed  to  designate  the  several  growps,  and  then  the 
modes  of  indicating  the  various  chemical /iin«^u)9i#. 

Nomenclature  of  Group*. — By  reference  to  the  example  of  a  chemical  group 
already  given  on  page  128,  it  will  be  seen  that  the  names  of  its  leading  terms  exhibit 
Tory  UtUe  relation  to  one  another:  we  have  tritylic  alcohol  and  tritylic  glycol, 
glycerin  and  glyceric  acid,  malonic  acid  and  tartronic  add,  but  all  the  other  names 
muht  have  been  selected  completely  at  random.  And  on  examining  the  nomenclature 
ofany  other  group,  the  state  of  things  would  be  found  vexy  much  the  same.  The  fact 
is,  that  throughout  evezy  department  of  organic  chemistry  the  general  course  of  dis- 
covery has  been  such  that  substances  became  known  and  required  to  be  named  one  by 
one,  long  before  the  relations  of  each  to  the  rest  could  be  ascert&ined.  Hence,  very 
closely  related  substances  often  bear  names  which  exhibit  no  trace  whatever  of  their 
connexion :  as  alcohol,  ether,  and  acetic  acid ;  propionic  acid,  lactic  acid,  and  glycerin ; 
succinic  add,  malic  add,  and  tartaric  acid.  Such  names  as  these  it  would  be  very 
dif!lcult  to  get  rid  of,  and  when  they  are  (as  in  these  examples)  convenient  in  them- 
selves and  universally  adopted,  there  is  no  reason  for  wishing  to  do  so.  In  fact,  it  often 
happens  that  such  names  are  practically  better  than  those  which  at  first  sight  appear 
more  systematic.  For  instance,  nothing  could  seem  more  natural  than  to  call  the  add 
C"H*0*  resulting  from  the  oxidation  of  glycerin,  C'H'O*,  glyceric  acid,  a  name  which 
at  once  recalls  its  connexion  with  the  substance  from  which  it  is  derived.  But 
according  to  the  established  usage  of  organic  chemistry,  the  radicle  of  this  add,  CH*0, 

corresponding  to  its  typical  formula     „,    [  0*,  would  be  called  glycerol,  a  name  which 

already  belongs  to  CH*,  the  radicle  of  glycerin.  We  might  thus  have  the  two  com- 
pounds C*H*C1*  and  C*H»0C1'  both  of  them  denoted  by  the  name,  chloride  of  glyceryl, 
or  glycerylic  chloride,  a  confusion  which  could  not  have  arisen  hud  there  been  less 
similari^  in  the  names  of  the  primary  compotmds.  Indeed  it  is  by  no  means  de- 
sirable to  introduce  much  more  regularity  than  at  present  exists  into  the  nomenclature 
of  the  prindpal  members  of  each  group,  unless  some  effectual  system  of  differentiating 
each  member  and  its  derivatives,  equivalent  to  what  was  attempted  in  the  paper  already 
referred  to,  is  adopted  at  the  same  time. 

Of  late  years  methods  of  naming  possessing  a  osrtain  degree  of  generality,  have  c(Mne 
into  partial  use,  for  some  corresponding  terms  of  different  groups.  Thus,  the  monatomic 
alcohols  and  oas  or  two  of  their  most  immediate  derivatives,  in  moat  of  the  groups  o£ 
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the  flnt  liomolospoa  aeriM,  hftve  nainea  whose  root  is  formed  by  a  OrMk  namsxilr 
as  tritylic,  tetiTUC,  bexylic,  hpptylic.  Ac.  alcohols ;  tritrleDP,  tetrvlene,  he^l 
heptylenp,  &e.  Another  expediPDt  which  has  been  a  good  deul  employed  to  iDdi< 
the  exiatencA  of  a  genetic  coDQcxion  between  diffTent  bodi»ti,  but  without  d«flaui&,  _. 
nAtun,  couNista  in  making  the  nnme  of  one  body  out  of  nn  iinAgram  of  that  of  anoCBcar 
as  meconic  and  eomenic,  acouitic  &nd  itaconii?,  oaivotiQe  und  cotamine,  lep(idiiM)  aac 
pel( amino),  pelargfoDic)  and  lcp:irg(ylie),  Bulyhc  and  lusylic,  &c. 

Ttie  syat^m  bo  much  followed  in  the  nomeacluiure  of  other  icipDcea.  of  giring  namei 
in  honour  of  disooverers  or  other  frainent  men,  has  not  been  much  employed  h 
Ghflmistry,  and  wu  do  not  think  that  this  forms  any  ground  for  regn>t.  Among  orsanla 
oompouuds,  dumasin  is  almost  the  only  cue  which  bears  a  name  of  this  kind :  nuu/uriny 
which  has  the  appearance  of  being  another  name  of  tlie  same  claea,  ia  ooe  for  which  no 
chemist  is  rcsponaible  so  mach  as  the  botanist  who  callod  fustic  Maclura  tinctarut. 
Such  namefl  ugiiin  as  turapathite  and  Vft/iritnite  hare  generally  originated,  not  with 
cheraista,  but  with  crystallographers,  who  have  given  them  in  acoordance  with  tbdc 
minemlf^cal  habitudes. 

One  rule  which  chemists  would  do  well  to  attend  to  in  their  choice  of  oaxnea,  w  to 
avoid  such  as  suggest  a  connexion  that  do«vi  not  exist :  such  as  metamorphiiMV 
pscudoraorphiDe,  bypogsic  acid,  the  laAt  of  which  (from  Ararkis  hypog^a)  aeems  to 
uuply  the  existence  of  a  more  highly  oxygenated  "  gseic  "  acid. 

Nomenclature  o/  Functions, — The  chemical  functions  of  organic  aubstancea  ace 
generally  denoted  either  by  using  in  a  genernlised  seniw  the  proper  names  of  the  nb* 
stances  in  which  the  several  fonctions  were  first  distinctly  recognised,  as  methylie 
alcohol,  butyric  aldehyde^  valeric  acetone,  amylic  glycol.  Sec;  or  by 
lyvtematic  names  formed  on  the  analogy  of  the  nomenclatore  of  mineral  chemistry,  as 
methylie  hydrate  or  hydrate  of  methyl,  methylie  chloride  or  chloride 
of  methyl,  methylie  acetate  or  acetate  of  methyl,  &c. ;  or  Isatly,  bv  meaoi 
of  terminations,  as  niethol  for  methylie  alcohol,  butyral  for  butyric  aldehyde. 
Talorone  for  valeric  acetone,  oxalurethano  for  oxalic  uretliane,  lactamethane 
for  lactic  urethane  or  carbaniethane,  ethylene,  amylene,  Sec:  this  last  metiiod 
msy  for  the  most  part  be  regarded  as  a  contracted  form  of  the  first. 

We  will  bri<*6y  discuns  the  names  in  actual  uiw  for  compounds  reprwenting  the  Wdii^ 
terms  of  a  chemical  group  ns  aliove  defined,  snd  for  their  prindpid  derivativea,  csidear 
vonring  to  point  out  those  which  it  is  most  advisable  to  employ. 

Alcohoiji.  I.  Mtmatirtnie. — These  are  either  nametl  alcohols  or  hydrates^  witli 
another  word  added  to  ditttinguish  the  group  to  which  they  belong,  this  word  in  almost 
all  cases  ending  in  -y/ic,  as  methylie  alcohol,  roethiylic  hydrate,  or  hydrate  of  methjrl; 
benzylic  alcohol,  benzylic  hydrate,  or  hydrat**  of  iH'nzyl.  The  temiioation  -ol,  to  in- 
dicate the  oicohoUc  function,  is  more  eininloyed  by  Fren'>'b  thun  by  Kuglieh  chemists. 
The  Domenclaturp  of  derivatives  of  the  alcohols  will  be  most  clearly  and  conciae^ 
expkined  by  special  examples,  thus : 

Fumctkm.  Formmta,  Uamrg. 

Alcohol        .         .         CHH)  =   Ethylic  hydrate.  &c.  (an  above). 

Radicle        .        .         C«H»  («  alcohol  -  HO)  =   EthyL 

Hydrocarbon        ,         C*H'  (-   alcohol  -  WO)   =    Ethylene. 

Ether  .         .        OH'»0  *=   Ethylic  ether,  or  ethylic  oxide. 

Compoond  ethen         C*H*C1  »  Ethylic  chloriile,  or  chloriile  of  ethyt 

C^H»(CH»0»}    =    Ethylic  acetate,  or  acetate  of  ethyl 
(CB*)HSO*       =   Hydro-etliylic  Bulphate,  or  sulphate  of  cth^l 
and  hydrogen  ;  also  colled  etbyl-sulphona 
acid,  or  finTphethylie  acid. 
(CH»)'SO*  =   Ethylic  sulpliate,  or  aulpbite  of  ethyl 

Alkaloidfl    .        .        (C*H*)H-N  =   Ethylftmine,  or  dihydro-ethylic  nitride. 

!CH*)»HN  =   Difthylftminp,  or  hydro-fiiwthylip  nitride.  ^ 

C'H*)"N  —   Tritthylatninc.  or  triethylic  nitride. 

{C"H*)*P  =»  Tri<-tbylphoHp]]ine,  or  trii'ihylic  pltouphid 

Metallic derivttiTee.     CH'Znl  =  Zinc  cthylo-iodiJe,  or  elhylo-iodide  of  eioe. 

!C*H*)*Zn  ™  Zinc  ethylide,  ethylide  of  zinc,  or  sinc^tbyL 

CH*)'Hg  —  Mercuric  ethylide,   ethylide  of  mercury,  or 

mercury-ethyl 

{Sach  names  as  hydrochloric  ether,  acetic  ether,  &c.,  are  not  ^ven  above.  becaoM 
though  used  for  the  ethers  of  this  group,  they  have  no  analogues  in  other  eases.) 

Of  the  various  names  above  given  for  single  compounds,  wo  believe  that  those  whicb 
Stand  first  in  order — that  is,  names  of  the  form  ethylu:  hydrtiti',  ethyUc  oxide^  ethylic 
atftatf,  &C.,  in  general  deserve  the  preference.  Names  forme^l  by  the  generali<<Hlinn  of 
■pedal  namee  are  convenient  enough  sometimes,  but  this  method  of  nomenclature  is 
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not  irell  adnpted  for  appIitnUion  in  nil  canes,  the  namns  which  it  lands  to  being  oftro 
clnnuy  in  themselTes  and  giving  rise  to  still  clumsier  deriTntiTM  and  compouud  nanioa. 
Oo  the  othfr  hand,  such  namra  an  ktfdrate  of  clhi/l^  oxide  o/ethyf,  chloride  of  tthyl,  &a, 
seem  to  belong  too  excluaivoly  to  one  rifw  of  the  conatitation  of  the  bodiea  tb^ 
denote ;  wIicr^Aa  DAme«  snch  as  those  to  which  we  hare  given  the  preference  (ethylto 
hydrate,  &c.),  whilf  quite  in  accordance  with  thie  riew,  maj  still  be  uned  inde- 
pendently of  it.  They  would  remain  equally  applicable  and  would  be  cquallv  intelli- 
gible, though  chemiBte  should  eeaiip  to  roK>gn)»e  the  eiistpnce  of  ethyl  or  ntmilar 
ndidea  aa  proximate  conetitucnta  of  the  alooholp,  for  they  do  not  of  neocaaity  imply 
anything  more  than  that  the  compounds  CH*0.  C'H^O,  C=H»C1,  &c,  belong  to  tbe 
ethylic  gronp,  and  that  they  bear  to  eiich  other  the  aame  mutual  relationa  Uiat  the 
compoandg  KHO,  K'O,  KCl,  &&,  do  in  the  potassic  gronp. 

In  the  nomenclature  uf  the  eo-called  ucid  ethers,  such  oa  (CH'iHSO*,  &c.,  it  would 
bfl  well  to  let  the  name  of  the  alcoholic  constituent  ulwayn  precede  that  of  the  acid, — 
that  ia,  to  aay  etliyl-aulpburic  acid.  ethyUaulphate,  &c.,  and  nut  suiphethylic  acid, 
Bulphethylute,  &c.  For  uut  only  is  the  aAiitie  character  of  such  compounds  not  due  to 
the  alcohol  portion  of  their  constituents,  aa  aeema  to  be  implied  if  this  is  named  laat 
and  so  receivea  the  saline  tertnination,  but  confusion  may  actaally  arise  from  the  oae  of 
tulpho'  aa  a  prefix  in  this  sense  and  also  to  denote  replacement  of  oxygen  by  salphnr 
(Id  such  nam<>e  as  tulphoearbonate,  for  iustance). 

Compounds  belonging  to  more  than  one  alcoholic  group  are  easily  named  in  accor- 
dance with  the  examples  giren  above,  by  fullowing  thn  analogy  of  the  uomenclatiin 
of  the  mixed  compounds  of  mineral  chemistry.    For  instance : 

(CH»)((7'II'')0  -   Methyl-ethylic  oxide. 

(CH*)(C»H:"')S0'  «.   Kthvl-amylic  sulphate. 

(CH")(C«H*)(C*H")N   -  Wethyl-ethyl-amTlamine, 
Similarly  K(C=H*)0  is  Pofaasio-elhylic  oxida. 

But  Just  aa  the  name  potJusaio-hydric  oxide  may  be  abbreviated  into  potassic  hydrat«, 
00  the  names  of  many  corresponding  organic  compounds  may  be  abbreviated:  as 
mcthyUct hylic  oxide  into  methylic  ethylate,  potaasio-ethylic  oxide  into  potaaaie 
ethylate,  &c. 

2.  Diatomic  aicohoU. — The  first  discovered  of  thaee  compounds,  CH*0',  was  called 
"  glycol/*  &om  the  first  syllable  of  glycerin  and  the  lost  of  alcohol,  to  recall  the  fact  of 
ita  being  chemic&ily  intennediate  between  these  two  bodies,  and  this  name  has  since 
been  employed  aa  a  general  term  for  all  compounds  of  this  class.  A  more  systematio 
uamethan  glycol  wouldhavo  been  ethylenic  hydrate,  or  hydrate  of  ethylene, 
and  names  of  this  form  are  the  most  suitable  for  gi^neral  application  :  aa  tritylenie 
hydrate,  or  hydrate  of  tritylcne,  amylcnic  hydrate  or  hydrate  of 
amyleoe. 

Those  deriratiTes  of  the  diatomic  alcohols  which  correspond  to  derivatiTea  of  the 
monatomic  alcohols,  are  named  in  the  same  way  aa  the  Utter,  the  only  difference  being 
that  the  adjectival  portion  of  the  name  ends  in  'yltmic  instead  of  in  'ylic,  nr  when  the 
affective  is  replaced  by  a  sobatastive  preceded  by  o/,  this  subetantive  enda  in  -ylene 
instead  of  in  -yl :  as 

Ethylenic  oxide,  or  oxide  of  ethylene. 
Ethylenic  chloride,  or  chloride  of  ethylene. 
Ethylenic  acetate,  or  acetate  of  ethylene. 
Ethylonediamine. 
Biethylen  edi  amine. 

IDerivab'vea  which  hAve  no  precise  analogues  among  those  of  the  roonatonie  alcoholtf 
Arc  oaaily  named  upon  the  analogy  of  corresponding  mineral  compounds :  as — 
I         ((?H*)'0'  =  Diethylcnic  dioxide, 

f        fC'H')'H^O'        =  Dihydro-diethyleaic  oxide  (sJso  called  dieihytenie  alcohol). 


C»H*0 

CT3*(CH"07 


(C»H')»H^O' 

fCH"0)H  S  ^ 
C?H*C1    / 
((?H"0)0  } 


Ethylenic  hydrato- acetate  (monacetin  of  g'tycol). 
Ethylenic  acetato-chloride  (acetochlorhydrin  of  glycol). 


The  names  enclosed  in  parentheses  (monodilorhydrin  of  glycol,  &c)  are  borrowed 
fVom  the  nomenclature  of  the  derivatives  of  glycerin ;  this  system  applied  to  othep 
diatomic  alcohols,  gives  rise  to  names  even  more  cumbrous  than  these:  lu,  roonochlor- 


hydrin  of  tritylic  glycol. 
3.   Triatomic   at>ohoU.- 


L 


-The  only  triatomie  aleohol   known  with  any  certainty  ia 
k2 
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cljeerin,  the  nomenclature  of  whoM  dsriTatiTMi  follows  for  Uie  most  part  Bpecwl  xul«ii 
The  compound  ethera  of  gI;eeriD  are  denoted  hy  names  formed  from  those  of  the  ftddi 
by  means  of  the  tennination  -in  and  a  nomericAl  preAx  when  noedful :  ae — 

Monostearin.  Chlorhydn'n. 

IHst«arin.  PicbJorhydrin. 

Triatearin.  Benxocb  lorh  vd  ri  n. 

Tributyrin.  Acelo-dichlorhydrin. 

Glycerin  yields  also  another  wt  of  dfrirtttires,  bearing  tho  same  relation  to 
fiormikl  compounds  that  the  monobasic  metaphoephates  do  to  the  ordinary  phosphates: 
that  U  to  say,  each  of  thf>m  diffent  by  the  elements  of  a  molecule  of  water  from  a  normal 
glycerin-compouad.     The  uomHuclature  of  ihne  is  as  follows — 

CTH-O"  =  C«H"0"  -  H«0   =  Glvcide. 

(?H*Oa  »  C«irO'a         -   HK)  -  Cblorhvdroglycide  (epichloihydrin). 

C"H'(C'H*)0''  =  (?H'(C*H»)0«  -  H"0  «  Ethylglycide. 

It  wilt  be  seen  that  the  nomenclnture  of  glyccriQ  and  its  deriratiTes  is  not  smch  as 
to  admit  of  very  reudy  extension  I*)  other  similar  compounds;  names  for  these  mi^t, 
howeTsr,  be  easilr  formed  by  following  the  analogy  of  the  nomenclatore  fiir  uaoiganie 
ealta  already  explained. 

The  deriratives  of  other  polyatomic  aJcohoIs  that  hoTe  been  hitherto  studied,  belong 
Almost  exclosirely  to  the  class  of  compound  ethers.  They  are  named  by  combining 
irith  the  name  of  the  alcohol  that  of  the  generatisg  acid:  as  stearo-glueosei 
bntyro- glucose;  diaceto-manaitan,  tetrabutyro-roannitao.  chlor- 
hydro-mannitan. 

For  further  tUnstrations  of  the  nomenelnture  of  the  alcohols  and  their  deriratirea,  see 
the  articles  Alcohols  (L  97)  and  Etukbs  (ii.  508). 

AczDB. — The  nomenclature  of  all  such  derivaiires  of  the  organic  acids  oa  hare 
wulagoea  among  the  derivatives  of  mineral  acids,  is  precisely  similar  to  the  nomen- 
clature of  the  Utter ;  we  may  therefore  consider  it  as  naring  been  already  sufficiently 
discuflsed. 

It  mnj  howerer  be  pointed  out  tha^  inasmuch  as  the  name  of  each  clflSii  of  organic 
aalts  is  m  general  independent  of  that  of  every  other  doss,  the  corresponding  oxygen- 
ated radicles  can  be  denoted  bv  shorter  names  than  those  which,  as  v«  hare  pointed 
out,  ore  often  necessary  for  tlie  inorganic  radicles.  Thus  to  get  the  name  of  the  r»dide  of 
an  organic  salt,  we  cb&ns«  the  termination  'Utf  {'ite  does  not  occur  unless  quite  ex- 
ceptionally, OS  salicylito  of  methyl)  into  -y/,  instead  uf  retaining  the  -at  of  the  name  of 
the  salt:  for  instance  benzoyl,  insteafl  of  bezizoatyl,  acetyl,"  instead  of  ncctntyl,  5ec 

It  is  still  needful  to  say  a  few  words  upon  the  nomenclature  of  the  so-called  sub- 
stitution-deriratives  and  conjugated  dorivutires  of  the  organic  acids,  and  what  is  here 
said  may  l>e  taken  as  alao  for  the  most  port  applicable  to  the  corresponding  derivatirea 
of  the  olpobols. 

Compounds  formed  by  the  subBtitub'on  of  chlorine,  bromine.  Sec,  for  hydrogen  are 
deaotea  by  prt^xing  chloro-y  dichloro-,  hromo-^  dihromo-,  &c.,  to  the  namoa  of  the 
correspontHng  normal  eompounds;  and  bodies  in  which  ihe  groups  NO*,  NH',  &e^ 
replace  hydrogen  are  similarly  named  by  meona  of  the  prefixea  nitro;  amidc-^  &c. :  •% 


Chloracetic  acid. 
Dibromosuccinic  acid. 


Nitrobenzoic  acid. 
Diamidobenzoic  acid. 


The  prefix  oxif-  is  commonly  oscd  in  a  eomewhat  different  sense,  namely  to  c 
the  addition  of  oxygen,  not  the  replacement  of  hydrogen  thereby :  as 


C'H*0*  s=  Benzoic  acid. 
CTH'O*  «  Oiybenzoic  acid. 


\ 


(THH)'  =  Salicylic  acid. 
C'K«0*  -  OxysalicyUc  acid. 
C'H'0«   «-  IMoiyaalioylic  acid. 

The  application  of  this  prefix  may  however  be  considered  as  comparable  to  that  of  ^ 
the  others  abore  mentioDKi,  tf,  with  E  olbc.  we  regard  the  addition  of  oxygon  in  these 
caeee  to  be  effected  bv  the  repUrement  of  H  by  HO. 

Sometimes,  instead  of  tlie  prefix  amido-,  tlie  termination  -amie  is  employed,  as 
benumic  acid,  instead  of  amidobenzoic  acid ;  such  names  are,  however,  incorrect :  for 
monobasic  acids  such  as  benzoic,  do  not  form  true  amic  acids,  and  the  compounds  in- 
ferred to  do  not,  even  in  respect  to  empirical  composition,  bear  the  Bimie  relation  to  the 

*  The  nmne  ncftt/i  woi  Ant  given  to  (h?  rtoup  C^IPO  hj  Diiinu  fTraitf  df  Chim.  appL  atu  a/tr. 

▼nl.  Tt.  p.  Ml,  IN3).  wborvprrtentpd  oldehydr  bj  the  fonrul*  C''H'y.H.cAlllTig  U  'hjilruri'  d'aicljl^.'* 
'  IVllliamftmi,  who  first  tuggeitcd  the  vlewi  now  prevnient  retp&ctlite'  cho  roiifttituUun  of  acrtic  ami  othrr 
lelmiUr  acMs,  catlnf  thli  radicle  "  othrl;"  but  lhl«  name  hu  bcnn  (rmrral)]:  aUtndnnrd  Tor  ih*'  term 

oevtjrl  fifkln  applied  bj  Gerhardt  u  It  bad  t>eei]  b;  Duittas}»  on  accouoi  of  rbo  diincuUjr  of  rormini 

oiiaiogouk  namet  for  anatogoiu  raUicIca* 
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normal  compounds  that  oxamie  acid,  for  instance^  doca  to  oxoUe  acid.  Strictly  ipeaking, 
the  so-called  aniJdo-  acids,  or  amic  acids  of  monobasic  organic  acidit  ue  most  closely 
relat<sl  to  the  oxygcnuUd  dehrutivpsof  the  bodies  with  which  they  are  commonly 
compared,  so  that  £he  true  ayitematic  name  of  amidobensoic  or  ben£amic  acid  woald 
be  (Kty&eTLffdimc  acid  (flee  also  Akic  Acids,  i.  167). 

The  prefix  tulpho-  is  also  oft<*n  applied  to  the  names  of  or^nic  acids  in  a  mannor 
which  is  not  qaite  correct :  thua,  the  sulwtanw  called  Hnlphacetic  acid  is  not,  what  the 
mime  would  beH  expross,  n  bmly  derived  from  acetic  acid  by  the  substitution  of 
sulphur  for  oxytren,  but  a  coni|vjuntl  protluced  by  the  action  of  sulphuric  anhydride  on 
aretie  acid.  This  product  vould  be  better  namf^l  acetosulphuric  acid  rh&n  sulphacetic 
acid,  but  even  that  niunc  would  not  be  quite  correct,  inasmuch  as  the  substance  in 
qaestioa  is  primarily  related  to  glycoUic  (oxyocctic)  acid  and  not  to  acetic  acid. 

SeTeral  deriratives   of  the  types  nH^'N    and    Tiir\  \   containing  the  radicles  00, 

corbonyl,  and  C'HK),   glycoUyl,   have  received  special  names  in  addition  to  their 

CO  \ 
ijBtematio  names :  for  instance,  ciirbamide,  ui  [N',  is  also  called  wr«-a,  and  this  name 

is  often  applied  in  a  generic  sense  to  all  compounds  derived  from  urea  by  partial  or 

CO       1 
oompletA  leplncement  of  its  hydrogen  by  other  radicles,  as  /pjirnTJi  \  N*  eihyl'-UTea, 

CO  1 

fCH'O^'H'  >  N*  =  diiicetyl-Tirea.  Similarly,  acids  formed  upon  the  type  of  hippuric  acid, 

/n  jTiQ  •%  jff 
that  is,  by  the  replacement  of  hydrogen  in  glyeoUamic  acid  (glycocine),      u,     >  q,  are 

often  denoted  by  names  ending  in  'Urte^  as  salicyluric  acid,  cnminuno  acid,  toluylurio 
acid.  Exceptional  names  are  also  nsed  to  some  extent  for  the  compound  ethers  cor- 
naponding  to  amic  acids :  thus  ethylic  carbamate  is  also  called  urf thane  or  carba* 
fiutkanf,  ethylic  oxamate  is  also  called  oxavuiAaru^  ethylic  lactamate  is  also  called 
laciatfuthane^  &c. 

We  give  below  a  list  of  other  terminations  to  which  particular  significations  ara 
often  attached,  together  with  examples  illastrating  the  ^e  of  each. 

-aL  Abbrevitttion  of  aldehyde.  Ex.  Butyral  »  butyric  aldehyde;  ^taUral  =  val- 
eric aldehyde. 

-anil,     (fr.  aniline).     Phenyl imide.     Ex.  Mahnil  =  phenyl -malimide. 

-anilis  acid.  Phenyl- — amic  acid.  Ex.  SuccinaniUc acid  im  phenyl-snccimunio 
acid. 

•anilide.     Phenyl amide.     "Bx.  Acftartilide  =  phenyl-acetamide. 

I^ene.  A  compound  contjiining  only  carbonand  hydrogen.  Ex.  £en£tnf,naphthalme. 
wide.  (1)  A  compound  of  two  elements,  two  radicles,  or  of  an  element  and  a  radicle. 
Ex.  Zinc-methidi^  or  cinc-methylid^i ;  mctkylic  ctkidtm  (2)  A  termination  pro- 
posed by  Oerhardt  {Synthiie  vniCairf,)  as  a  eencnd  mode  of  denoting  anhy- 
drides:  it  is  still  iu  partial  use  in  this  sense.  Ei-  QlycoUidf,  lactide,  manniae. 
(3)  A  generul  term  for  compound  ethers  of  polyatomic  alcohols.  Ex.  Glyornde$^ 
fflucosidcs,  mannitiinides.  Seldom  used  to  denote  in^lividual  Bubstances. 
-in.  (1)  A  neutral  compound  of  carbon,  hydrogen,  and  o^^gen.  Ex.  Glycerin, 
Molicin^mecotnn,     (2)  A  compotind  ether  of  glycerin.     Ex.   ChtoTkydrin,^mltnitin, 

I  vine.     An  alludoid.     Ex  Morphine^  quinine.     Also  used  by  some  writers,  but  not  in 
tbis  work»  in  the  same  sense  as  -me,  or  -in  ;   as  benzine  for  benaene,  glycerine  fbr 
glycerin, 
-itnn.    Employed  by  Berthelot  to  denote  the  first  product  obtained  by  dehydrating  a 
sugar  whosb  name  ends  in  'He,    Ex.  Mannitan^  dulcitan. 
»itflL     A  saccharine  compound  containing  more  hydrogen  than  would  be  required  to 
convert  all  the  oxygen  into  water.     Ex.  Mannitc,  duIciU,  pinitf. 
»oL     Abbreviation  of  alcohol.     Ej..  Phenol  =  phenyUc  alcohol ;  m^nMo/  ^   menthylio 
alcohol. 
•ole.     Sometimes  us<*d  instead  of -mr,  to  denote  hydrocarbons.     Ex.  JSenroUfar  ben- 
zene, toluoU  for  toluene.     K^ot  used  in  thie  work. 
••one.     (1)  Abbrevintion   of  acetone  or  ketone.      Ex.   Valrrone  =   valeric  ketone; 
bcneoM  =   benzoic  ketone.     (2)  A  termination  much  employed  withont  definita 
meaning.     Ex.   Quin'mf^  tndifvscone. 
-ose.     A  saccharine  compound  containing  oxygen  and  hydn^n  in  the  proportion  re- 
I  quired  to  convert  each  completely  into  water.     Ex.   Glucose,  saochart/sr^  lactose. 

tyL     A  compound  radicle.     Ex.  Ethyl,  btngoyl,  htnryl. 
ylene.     A  hydrocarlxjn  (diatomic  radicle)  containing  1  at.  hydrogen  less  than  tha 
radicl**  of  corrfspondin^  name  ending  in  -yl.     ICx.  K/h/fme,  trityUnr,  hmii/lenr 
(This  t^minaticju  is  Bumetimes  used  m  a  manner  which  is  not  in  strict  accordaoce 
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with  the  above  rale :  tbns  the  hydrocvboiu  of  thf.  smM  OH^-*  arp  calM  ttdf' 
Unit  allyUnet  crotonylene,  taUryUne,  among  vhich  DMnes  alWlrae  ia  the  onlj  om 
that  agrees  with  the  general  rme.  Some  general  mt«m  of  naming  the  hjdi^ 
carbons  homologous  with  mamh-gas  is  a  great  desideratam.) 

For  further  information  re8pe<^ting  the  history  of  chemical  nomenclatnre  and  tariooi 
attempts  that  hare  been  made  from  time  to  time  to  render  it  more  systematic;  mb^  ia 
addition  to  the  references  abeadv  ziTen,  the  following :  Ko  pp,  Geschichte  d«r  Chcnd^ 
iL  413  etteq.  Berselias,  Lehrbnch  der  Chemie,  edit  1831,  roL  ir.  (2nd  pait)p^ 
956,  957 ;  atso  (for  a  much  fuller  treatment  of  the  sulject)  edit.  1841,  toL  z.  pp.  42^ 
449.  Dumas,  Le^ns  sur  La PhilosophieChimiqne,  pp.  321-358.  Boset,  BeneUn^i 
Jahresber.  zxiii  23,  24.  Gmelin.  Handbook  of  Chemistry,  vii.  149-153.  Griffii, 
Chemical  Becreationa,  7th  ed.  (1834),  pp.  234-274 ;  also  (an(^her  sFystem)  Badidi 
Theory  in  Chemistnr  (1858),  pp.  86-90.  Kewlands,  Chemical  News,  ir.  281 
(3Uth  Not.  1861).  Williamson,  Chem.  Soc.  J.  xtiL  (new  series,  iL)  421.  The  fo» 
going  relate  to  chemical  nomenclature  in  general ;  the  fbllowinff  morepardeolariy  tothi 
nomendatare  of  or^^anic  compounds:  Laurent,  Chemical  Method^  pp^  SM  H  sa^ 
Daubeny,  Rep.  Bnt.  Associat.  1851 ;  Transactions  of  Sections,  p.  124.  Weltiiea, 
Systematische  Zusammenstellnng  der  organisch.  Verbindungen  (I860),  "pp.  zxt.- 
^xriii.  Bertheloti  Chimie  oreanique  fond^  sorla  ^yntheiw  (1860),  i.  180-181 
Kolbe,  Lehrbuch  d.  organisch.  Cbemie,  i  53-62. 

G.  C.  P. 

VOWTXOWXTB.  A  hydrated  ferric  silicate  allied  to  chloropal,  which  it  eloKly 
resembles  in  physical  and  chemical  projf>erties,  excepting  that  it  gelatin isea  with  acida 
Its  composition  is  shown  by  tho  following  analyses : 

a.  From  Nontion,  Dep.  Dordogne,  France  (Berthier,  Ann.  Ch.  FhySb  [2]  xxzr. 
92).— 5.  ViUefranche(I}ttfr6noy,  Ann.  Min.  [3]  iii.  393).— c.  Hontmort,  near  Anhia 
(JacqQelain,AniLGh.Phys.  [2]xli.  101). — d.  Andreasberg in  theHart8(BieweA4Jt 
J.  pr.  Chem.  xi.  1C2). — e.  Tirschenreuth  (H.  MiiUer,  DamCt  Minerology^  ii.  337).— 
/,  From  the  same  locality  (Uricoechea,  loc,  cii^x 
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(?H".— The  ninth  term  of  the  series  of  alcohol-radidea,  OH*~>.  It 
is  also  called  Ptlargonyl^  but  that  name  belonf^  more  properly  to  the  oonreepasiding 
aoid-radicle,  C*1I"0,  homologous  with  acetyl,  C^H'O. 

Nonjl  bus  not  yet  been  iwlated.  Hydride  ofnonyl,  C*H*,  occurs,  together  with 
nonylt-ne.O'H'*,  and  many  other  hydrocarbons  of  the  series  C"H**"*  and  OH*,  among 
the  products  obtained  by  distilling  amylic  alcohol  with  anhydrous  chloride  of  sine. 
The  liydrido  of  nonyl  ami  nonylene  occur  in  the  portion  of  the  distillate  which  goei 
over  b4*twi>cn  135^  and  150°,  and  are  separated  by  means  of  bromine,  which  oombines 
with  the  nonylene  (Wurts,  Bull.  Soc.  Chim.  1863,  p.  300;  Ann.  Ch.  Phana 
cxxviji.  225;  Jahresb.  1RG3,  p.  510).  Hydride  of  nonyl  is  also  contained,  togethfr 
with  otlier  alcoholic  hydrides,  in  American  petroleum  (Pelonse  and  Cahonrs).  Sm 
Htdudes.  iii.  181. 

Hydride  of  nonyl  boils  between  134*=  and  137° ;  its  vapour-density  by  experimtmt  is 
4*50  (Wurts);  by  calculation  4-432.  Its  odour  is  somewhat  like  that  of  Ipuhmul 
(Pelouze  and  Cahours.) 

Chloride  of  Hontfl^  or  Chhride of  Pfhrgpf,  <?ir'*Cl,  obtained  by  the  action  of 
chlorine  on  hydride  of  nonyl,  duitils  over  af>  a  oolourlesii,  mobile,  aromatic  liqn^ 
having  a  specific  gravity  of  0*899  at  16^  and  boiling  at  196°.  Heated  with  acetate  of 
(KjtaKKinm  to  150°,  it  yields  acetate  of  novyl  as  u  liquid  which  has  a  frui^  odour, 
boils  between  208°  and  21*2°,  and  when  boiled  with  potjuih yields  hydrate  oj  nonyl, 
nonylic  or  jielaryonic  alcohol,  as  an  oil  boiling  at  about  200°.  (Pelouse  and 
Cahours.) 

MTOWTLAMnffB.    CH^^N. — Obtained  by  the  action  of  ammonia  on  chloride  of 

nonyl.     Colourless  liquid  havinf;  an  aromatic  and  ammoniacal  odour;  boiling  betwen 
190°  and  192° ;  somewhat  soluble  in  water.     (PcIouzc  and  Cahours.) 

VOVTftaVB.    CH<*.    Pilaryoncnc,  Elacnc—Tkis  hydrocarbon  oociu%  together 
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with  hexylene,  among  the  products  of  the  diy  dtstilLition  of  hydroleie  or  metoleie  acid. 
The  crude  distil]  ate  is  redistilled  at  130^  to  remore  a  quantity  of  empjTeamatic  matter; 
the  liquid  which  passes  over  is  agitated  with  dilute  potash-ley,  to  free  it  from  TolatOe 
acids,  and  dried  over  chloride  of  calcium ;  and  the  hexylene  and  nonylene  are  finally 
separated  by  fractional  distillation  (Frimy,  Ann.  Ch.  Fhys.  [2]  Ixr.  1431  It  is  also 
found,  together  with  hydride  of  nonyl,  &c.,  among  the  products  of  the  distillation  of 
amylic  alrohol  with  chloride  of  zinc  (Warts,  ^.  cit.).  It  is  a  colourless  liquid, 
liffhter  than  water,  insoluble  in  water,  soluble  in  alcohol  and  ether ;  bus  a  penetrating 
odour;  bams  with  a  bright  white  flame;  boils  at  about  110^  (Fr&my) ;  at  about  110^ 
(Warts),  Vapoui^denuty,  obs.  -  4071— 4*488  (Frimy) ;  454  (Warts);  cal&  •> 
4-350. 

Bromid$  of  HonyUn^  C'H^*&',  formed  by  direct  combination,  is  a  non-volatile 
Hqaid,  which,  Hke  its  congeners,  is  attacked  by  caustic  potash,  yielding  a  liquid  boiling 
between  \iffi  and  200°.    (Warts.) 

Chloride  of  Nonvlene,  CH^KJl',  also  formed  by  direct  combination  at  ordinary 
temperatures,  ia  an  oily  liqnid,  heavier  than  water,  having  a  racier  sgheeable  odoor 
much  like  that  of  anise;  it  bums  with  a  green  smoky  flame.    (Fr6my.) 

WOWT&ZO  A&OOXO&.    &»«  KoKTZ.  (p.  134> 

VOXmvsxiOXOITS.  A  mineral  firom  Roseola  on  Lake  Onega  in  Russia* 
probably  a  variety  of  tivmolite  ^iii  160).  Contains,  according  to  C.  t.  Bauer,  60*78 
per  cent  silica,  2*63  ferric  oude  and  alumina,  14-12  lime,  and  22'46  magnesia 
(Jahreab.  1864,  p.  820.) 

VOXITB.  A  rock  oocorring  near  Egersond  and  other  places  on  the  west  coast  of 
Norway.  Its  composition  is  that  of  a  gabbro,  somewhat  poor  in  angitic  constituents 
(hypervthene  and  diallage),  and  characterised  in  several  places  bv  an  admiztore  of 
titsniferons  iron.  Kjerolf  ^Jahresb.  1862,  p.  791),  found  in  a  nonte  from  TronQeld 
in  the  Oesterthal,  of  grey  to  violet  colour  and  containing  labradorite  and  green  diallage: 
<H)'06  per  cent  silica,  5*73  titanic  oxide,  16*44  alumina,  9*71  fenie  oxide,  14*66  limi^ 
4*88  magnesia,  1*38  soda  and  a  trace  of  potash. 

arORXUX.  The  name  of  a  metal  which  has  been  supposed  to  accompany  xirco- 
nium  in  most,  if  not  all  of  the  minerals  which  contain  it  This  idea  of  the  composite 
nature  of  the  earth  commonly  called  ziroonia,  is  based  npon  some  experiments  of 
Svanberg  (Po^.  Ann.  Izv.  317)i  who  found  that  when  chloride  of  zirconium  was 
fractionally  preapitated  by  oxalic  acid,  the  several  precipitates  exhibited  considerable 
difierences  of  compoeition.  On  the  other  hand,  Berlin  (J.  pr.  Chem.  Ivii.  146)  finds 
that  the  several  precipitates  of  oxalate  of  zirconium  thus  produced  do  not  exhibit  any 
differences  of  composition  suf&cientlv  great  to  warrant  such  a  conclusion.  The  matter 
requires  therefore  further  investigation. 

VOSXAW.  A  mineral  allied  to  hauyne  (iii.  15),  occnrring  in  rhombie  dodecahe- 
drons, sometimes  modified  with  faces  of  the  cube,  more  rarely  of  the  tnpesohedron 
2  0  2;  often  granular  massive.  Hardness  «•  6*5.  Specific  gravity  ■t  2*26—2*3. 
Colour  greyish,  bluish,  or  brownish,  sometimea  black.  Translucent  to  nearly  opaque. 
Before  the  blowpipe,  it  loses  colour  and  fuses  on  the  edges.    Gelstinises  with  acids. 

Nosean  is  found  chiefly  in  the  eruptive  rocks  at  Lake  Laach,-  near  Andemach  on  the 
Rhine ;  also  at  Rieden  and  Volkerfeld  in  FrusBia  in  a  leucite  rock. 

The  following  are  analyses  of  the  mineral,  mostly  from  Lake  Laach: — a,  A. 
Bergemann  (Bull,  de  sc.  nat  1823,  iii.  406). — e.  Varrentrapp  (Pogg.  Ann.  xHx. 
615), — d.   Whitney    {ibid.  Ixx.  431). — e.' Blackish-green   to  clove-brown;   specific 

Savity  2*280.— /•  Light  bluish-grey ;  specific  gravity  2*299.—^.  Leek-green,  from  the 
aardt  near  Rieden  ;  specific  gravi^  2*336. — k.  Transparent  and  colourless,  mostly  in 
twin-crystsls  (the  so-called  sc^alite  from  Lake  Laach) ;  specific  gravity  2-399  (O.  v. 
Bath,  Jahresb.  1868,  p.  822) : 


a. 

b. 

e. 

d. 

€. 

/■ 

8l*46 

A. 

Silica    . 

. 

.     38-60 

87-00 

86-99 

36*52 

36-72 

36-69 

36-87 

Sulphuric  anhydride 

.       816 

11*66 

917 

7-40 

7*52 

7*30 

7*34 

1000 

Chlorine 

• 

■     •      • 

, 

0-66 

0-61 

071 

105 

0*70 

108 

Alomina 

, 

.    29*26 

27*60 

32-66 

29*48 

29-08 

28*46 

29-61 

26-60 

Ferric  oxide   (with) 
manganic  oxide .  ( 

2*67 

1-78 

0-06 

0*44 

0*76 

0*47 

0*91 

0-28 

Idme     . 

.'      1-14 

8*14 

Ml 

1-36 

1*20 

0-63 

237 

4-05 

8oda     .        . 

.    16*66 

12-24 

17-84 

2304 

23-33 

23-90 

20-60 

20-76 

Potash  . 

*     •     • 

,     , 

•     . 

034 

,      , 

,      , 

trace 

Water  . 

•     •     • 

,      , 

1-86 

1-37 

0-83 

216 

2*01 

0  37 

Solphnr 

.      2*82 
90*10 

1-41 
99*63 

99-23 

100-21 

100-48 

100-64  100-00 

100-00 
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RammeUljer^  sUBir^sfii  as  probable  thtt  noaean  has  th«  eompositioD  (17aCL3NftAK" 
8iO*)  -f  6cNii^8<:)'.'6NaA]'"8iO*X  Uiat  is  to  ray  ihnt  it  codsuU  of  1  molecule  of  mjdm- 
lit«  united  with  5  molccniM  of  n  sodA-hniiyne  containing  6  atoms  of  ailicate.  Thii 
fbnnuln  ivtjuires  30'S3  per  cent  silica,  1-25  vulpburic  anhydride,  30*71  alumizka,  2416 
■oda,  and  106  cliloride  of  sodium. 

VOTATXOV.     The  P^'strm  of   cl)fmira1   notation   now  in   nee  among  diotnitfU 

bcloni?**  rxcluhively  to  rarxlern  times,  for  it  im  t'ascntitdly  an  rxpreesion  of  tie  doctrine 
of  definitti  combining  proportions,  and  th«  atomio  theory.  But  in  all  agea  io  which 
chemistiy  has  been  collivnted,  nignn  uf  some  kind  or  other  ecem  to  hare  been  employed 
to  represent  the  rariooA  kinds  of  matter ;  and  although  we  may  rrgard  the  definite 
quantitjitive  ralne  whi(*Ji  rliemical  symbols  hare  poneiMed  aincc>  the  introdartion  of  the 
atomic  theonr,  aa  coniitituting  an  etiseDtia]  diiference  betwe^o  the  chemieal  natatiuo  of 
the  present  day  and  that  uf  any  former  age,  atill  it  ii  not  difficolt  to  tmee.  in  the  not»- 
tione  of  the  earlier  periods  of  tho  science,  nearly  all  the  moat  important  elements  of 
Chat  now  employc*d. 

The  Tety  early  bf<licf  **  in  a  connection  between  the  eeroral  m/'mbers  of  the  aolar 
system  and  individoal  metals  led  to  tho  repr««entation  of  both,  not  only  by  tho 
same  namfn  (NovsirciJkTriui,  p.  118).  but  by  the  same  signs.  The  fullowing  acoonot 
given  by  HusAcnfratz  and  Ad'^t  of  the  appropriation  by  the  early  chomiaLa  of  these 
signs  to  the  particular  metals,  shows  that  they  were  by  no  means  applied  arbitrarily 
or  at  random,  but  in  accordance  with  a  general  system  of  ideas.  *'The  metals  were 
dirided  into  coloored  or  solar  metals,  and  white  or  lunar  mvtaU.  The  mi'tals  of  these 
two  clasaes  were  again  subdivided  into  perfect,  seini-perf(H>t,  and  impeifuot  met«b; 
perfection  waa  exprwaed  by  a  cincle,  a,Jip.  732  ;  semi-perfection,  if  we  may  use  such 
an  etpreasion,  by  a  semi-circle,  A ;  and  impArf^ction  by  a  rross  or  by  a  dart,  c.  Thus 
gold,  which  was  preeminently  the  solar  metal,  was  repre»ented  by  a  simple  circle,  d; 
this  figure  was  common  to  the  roetula  of  the  same  class,  as  copper  «,  irony,  and 
antimony  ff  :  but  for  these  it  was  combined  with  the  symbol  of  imperfection.  Silver, 
which  they  considfred  as  a  semi-perfect  lunar  metal,  was  denoted  by  a  semi-circle  h ; 
tin.  h,  and  leiid,  <,  bad  likewise  the  sc^mi-oircle  for  their  symbol,  as  belonging  to  the 
same  clai'S  ;  but  they  were  distinguished  from  stiver  by  the  cross  or  by  the  datt. 
[  finally,  mercury,  which  was  an  imperfect  metal,  at  once  solar  and  lunar,  bore  the  dis- 
tinclive  marks  of  both  these  classes,  and  was  denoted  by  a  circle  surmounted  by  a 
semi-circle  with  the  addiiioa  of  a  cross,  j.**  {Mhnoirt  sue  de  nouveau*  earacUra  d 
eaipiuj/cr  en  Ckimie,  1787.) 

Fiff,  732. 
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Additional  symbols,  6ramed  by  indiridual  chemints  in  accordance  with  their  own 
•pecial  opinions,  were  employed  to  denote  other  substances,  but  those  civen  above  long 
remainea  in  universal  use.  Wo  still  find  them  among  the  chemical  signs  adopted  by 
Bergman,  whose  system  may  be  taken  as  the  latest  important  representative  of  llie 
ideas  wbicii  reigned  in  chemistry  before  the  time  of  Lavoisier,  and  is  therefore  entitled 
to  a  paaaing  notice.  The  ibor  ancient  elements  were  represented  by  Bergman  as 
follows : — 


A 

Fire. 


V 
Water. 


A 

Air. 


Earth. 


and  the  principal  classes  into  which  chemical  Bubstances  were  then  diriddd,  by  tha 
following  general  symbols : 


Inflammable 
m&tter. 


Ketal 

{regidus). 


o 

Salt 


e 


Calx. 


Tn  order  to  denote  particular  substances,  one  of  these  general  symbols  was  used, 
combination  with  some  special  sign  of  difference  :  thus  the  several  acids  were  denoted 
by  n  cross  followed  by  a  sign  characteristic  of  each ;  the  metallic  calces  by  the  synlxd 
"calx,"  ^which  when  followed  by  the  letter  j?,  for  pur  a,  signified  lime),  followed  by  the 
special  sign  of  some  particular  raetuL  (See  Hassenfrats  and  Adet,  &p.  cit,/  also 
the  fh}ntispieca  to  "A  Dissertation  on  Elective  Attractions,  by  Torbern  Bergman,** 
London,  1786;  and  the  pUtes  to  Pearson's  "  Translation  of  the  Table  of  Chemical 


I 
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*  nvriniiAn  quotes  n  paiMRe  from  the  writings  or  CeUus  against  Otigen,  secordfag  to  which  tlits 
b«ik:I  e&utsd  UDOug  Uie  ancLenl  rcralAui. 
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iTompndatureproposodby  Ouyton,  Lftvoisipr.  Bertholet,  Kod  DeFourcroy" 
2Dd  edit  Loodoa.  1799.  In  the  Iwt  work  the  signs  employed  by  Geoffrey  wiU  auo 
be  foand ;  for  information  on  the  origin  of  chemical  symbohi,  the  author  refen  to  n 
«  Tract  on  Symbols  "  by  Wall  of  Oxford,  written  in  1783). 

TBeM  signs  of  BorgmanX  And  indeed  all  that  had  hitherto  been  employed,  indicated 
the  subatances  to  which  thf<y  were  apnlied,  exactly  in  the  same  way  as  the  ordinary 
names  of  those  anbstAncea  indicated  tnem.  Tbcy  may  in  fact  be  regnrdt^d  aa  merely 
abbreviated  modes  of  writing  chemical  names,  fur  the  information  which  they  oon- 
Tejred  was  precisely  the  same  as  that  gireu  by  the  latter.     These  svmbolK  did  not  ex- 

Sress.  and  hud  not  any  neceasary  reUtioo  to  the  composition  of  the  BubE^tuncei  they 
enoted  i  and  indeed  it  is  evident  that  at  a  period  wlien  fire,  tur,  earth,  and  water 
were  Htill  regarded  u  the  elements  of  all  materiHl  things,  etiemists  can  bare  had  no 
clear  ideaa  to  express  toaehiti^  what  is  now  undnrstood  by  chemical  compoivition. 
Accordingly,  wc  first  find  chemical  eigne  used  in  their  modern  sense,  that  is,  to  denote 
chemical  oompoaition,  by  the  philosopher  who  first  clearly  pointed  out  what  was  to  bo 
understood  thereby.  In  a  memoir  by  Laroisier,  entitled.  " Consid^retions  g^n^ralps 
sur  la  dissolution  des  MMaox  dans  les  acides,**  published  in  the  M^moires  da 
I'Acaddmie  dos  Sciences  (annce  1782,  p.  492;  alto  "(EuTres  de  Lavuisicr,"  ii  609.  ito» 
Paris  1862),  occoni  probably  the  first  example  of  the  employment  of  ^Ambob  to  denoto 
the  successive  steps  (if  a  chemical  operation.  The  meaning  wliii'h  Lavoisier  attached  to 
the  signs  used  by  him  will  be  best  conveyed  in  bin  uwn  words. 

"  .  .  .  .  j'ui  construit  dee  espies  do  formules  qu'on  pourrait  prendre  d'abord 
pour  dffM  funnulefl  olg^briques,  tnais  qui  n'ont  point  te  mi^me  objet^  et  qni  ne  dt^rirent 
point  des  memei  principea  ;  nous  sommes  encore  bien  loin  de  pouvoir  porter  daua  la 
cbimie  la  pr^iaion  mathSmjtique,  et  je  prie  en  consequence  de  ue  connid^rer  les 
formales  que  je  vais  donner  que  comme  des  simples  annotations,  dont  I'objet  est  do 
■oalager  les  o|>^rBtions  de  I'cspnL 

Soil  une  xubstance  m^tallique  qucloonque        ....  S.M. 

Un  acide  quelconque lJ'\-i 

L'eau ^ 

Le  principe  oxygine i^ 

L'air  nitreux ^^ 

L'actde  nitreox        .........  ^^ 

**  On  aura,  poor  expression  g^n^rale  de  tonto  dissolntion  m^talliqne, 
(&iVf.)(V,n^). 

*  Cette  formulo  g6n6rale  variera  sni vtint  la  nuluro  de  I'acide  et  Buivant  celle  du  m£tal ; 
sinsi,  par  exemple,  si  c'est  la  dissolation  du  fer  dans  Tacide  nitreux  qu*on  veut  ex- 
primer,  on  aura  (  ^  )  (  V    Qi  ). 

"  Mais  I'acide  nitreox  ^tant  lm*m£me  nn  compos^  il  fant,  dans  cette  formnle,  y 
■ubstituer  sa  valeur,  et  alore  la  formulo  prendrala  forme  qui  suit  (  ^  )  (  V  W*  A^"  )- 

"Soit  5Qppo.s£  la  qtinntit^  do  fer  —  a,  il  est  dair  qu'il  budra,  poor  disaoudre  une 
quantity  a  de  fer,  unt«  quantity  d^termiu^  d'acide;  quil  y  a,  par  cooe^uent,  une  re- 
lation entre  la  quantity  d'acide  et  celle  da  fer ;  et  qa'en  nommant  b  cette  lelatioa, 
j*anrai  a  h  pour  I'expression  de  la  quantity  d'acide  n^oewaire  i  U  dissolution. 

"II  est  dair  encore  qu'une  quantity  a  6  d'acide  nitreox  est  compos^e  d'une  certaino 

_^-      J.                 •                .  oA 

portion  d  oaa,  que  je  pourrai  mommor •        .  — 

**I)*Qne  oertaine  portion  de  prinape  oxygine,  que  je  ponrrai  nommer        •         — 

"  D'une  certaine  portion  d'air  nltreux  que  je  ponrrai  nommer  ,        .        .         ^ 

"  Enfin  je  ferai  observer  qne,  pour  que  cce  sortes  de  dissolutions  ne  se  Assent  pas 
d'nne  mani^re  trop  tomultuouse,  il  est  n^cessaire  da  conper  Taoide  de  deux  parties 
d'eaa,  d'aprte  quoi  la  formolo  ci-dessus  devieudra; 

ah  oh    jf.  ah    . 

(a  t)    +    (2flA  V    ■»•    —  V)   +  (— •^i  +   -7  A*). 

*•  Telle  est  la  formule  qui  renr^sente  I'expression  du  dissoUant  et  de  la  substance  A 
dissoudre  avant  1b  m61sjige.  Mais  aitot  que  Taction  dissolvante  n  lien,  le  m^tal  enlAve 
a  I'acide  nitreux  la  qiianlit^  de  principe  oxygine  n^ceasaire  pour  se  saturer.  Cette 
quantity  est  encore,  pour  chaque  mital,  dans  un  rapport  constant  avec  U  quantitA  de 
ce  mimem^tal,  et,  puisque  j'ni  nommd  a  la  quantity  du  m6tal,  je  pourrai  nommer 


138 


NOTATION. 


.  U  qnAntiti  de  prlncipo  oxjrgme  nicMsaire  poor  le  Mturer.      n  cit  dtalr  qa^, 

U  diwolution  «it  faitc,  ce(t«  quautitA  doit  Atre  ^jont^  an  far  duia  U  formal^  ^| 
ivtnuicb^  de  I'oxpretMiion  de  Tacide  nitrcux ;  oinri  U  formale  deriendra : 

(.'S  +  y-^)    +    (2«6V  +  y  V)  +  i-j'^-  ^-^  +  ^A*>- 

Bt,  i  emnae  qu'il  m  d^gage  de  la  combiaaisoa  une  quontitA  d'air  niirraz  k  pea  pria  I 
igale  en  poida  4  c«Ue  de  prindpe  oxj^gine  absorb^  par  le  mital,  il  faut  irtnarha 

—   ^9*     de   cette  fonnule  poor  avoir  TexpraMion  rielle  de  oe  qui  restexs  mprht  la 
diasolution ;  on  aura : 

t 


P 


(a*   +|4^)    +    {2ai  V   +   ^A)  "^(7*^-1*^    +    y  A* 

"  Ijcs  pareDtbJHmi  expriment  la  mani^re  dontsont  groupies  lee  mol^culea  ds  ^fl%reiita 
nature  dana  la  dissulution. 

"Four  plus  de  simpUflcation,  je  Bupposerai  que,  dans  toutes  cea  dlaaolvtiooa»  U 
quantity  d  acide  employee  eat  toujoure  d  une  livre ;  d'apr^  quoi,  a  b  deriendn  ^igal  i 
Vuoit^,  at  la  formule  »e  rMuira  k  ce  qui  suit: 

(as  +  t^)  +  (2V  +  Jv)  +  (^-^  -'p'^  +  i  A+  -|  A*X 

'*  H  oe  a'agit  plus  que  de  donner  une  raleur  numeraire  &  toutea  cea  qoantitAa  ;  H  j« 
Yaifl  reodre  compte  dea  principalfa  exp^aoces  doat  Jr  siua  p&rtL" 

In  the  remainder  of  this  paper,  LaToiaier  comjiaree  the  Dumerical  reeulta  calculated 
b^  meana  of  thii*  formula  with  those  yielded  by  actual  experiment,  and  shows  how 
aimitar  formula  may  bo  applied  in  othfr  caaes. 

Although  the  notation  omplojed  by  Lavoisier,  in  the  memoir  from  which  we  hare 
quoted,  waa  di.*«tinetly  founded  upon  the  prindple  of  denoting  compound  bodiea  by  roeau 
of  their  elementary  constituents,  this  pnnciple  waa  nevertheless  only  very  impeifectlj 
carried  out,  water  for  instance  being  still  represented  by  Bergman's  symbol  instead  ii 
by  i^^  aynibolfl  of  its  elementa,  notwithstanding  that  LaToiater  had  Mmself  pabUjihed 
in  the  previous  year  two  memoirv  demonstniting  its  compound  nature.  But  the  rspid 
advances  in  ayatematiaation  which  took  place  in  the  next  few  years,  aoon  randerea  it 
poesiblo  to  apply  this  most  important  principle  in  a  macb  more  complete  manner. 
Accordingly,  m  1787,  Hassenfrats  and  Aaet  published  two  memoirs  (from  one  of 
which  we  have  already  quoted,  p.  136),  wherein  they  proposed  a  much  more  complete 
and  systematic  chemical  notation  than  any  that  had  hitherto  been  proposed.  They 
began  by  uatiigning  symbols  to  the  eleinentiirj  or  ondecomfwunded  bodii's,  employing 
similar  symbols  for  all  the  bodies  of  the  same  class,  and  giving  the  sinipleet  to  such  as 
were  of  most  frequent  occorronce.  Thus^  caloric,  oxygen,  and  nitrogen  were  clasaed 
together  as  "  substances  which  cao  exit«t  in  the  aeriform  condition  at  the  ordinary 
temperature  of  the  atmosphere,  and  which,  as  entering  into  the  composition  of  an  in- 
finity of  bodies,  require  the  utmost  simplicity  in  their  chanicters/'  and  were  acoordio^y 
tepn*Kented  by  different  positions  of  a  straight  line:  thup,  |  caloric^  —  oxygen^  / 
nitrfifff^.  The  fourth  pngitton.  \  was  reserved  to  denote  a  new  element  of  the  aaine 
class  whenever  such  might  be  discovered  :  and  by  adopting  sigzag  instead  of  straight 
lines,  four  iwlditlonnl  >4ymbbls  were  obtained  for  bodies  of  Uie  same  class,  one  of  them, 
S,  being  employed  for  light,  and  the  three  remaining  positions  being  rrserved  "  jxtur 
drsiqner  de  no^velhe  aubstancts  timpUx  et  airi/ormrt  loraqiu  ton  m  dfcouvrira." 
Similarly,  a  9fmi-cirrlo  wns  usod  as  the  grneral  symbol  for  combustible  elementa,  each 
inilividual  being  distinguished  by  a  particular  position  of  the  common  character :  thus 

^  hydrogniy  Q  carbon^  ^  stUphur,  O  pnoopharu^.  The  other  general  i^inbola 
were  as  follows :  ^  alkalis,  ^  earths.  Q  metaU,  \^  acidifiablt  compound  radicUt^ 
^  nan-acidiJiaUe  compound  »iih$tanc€»  (such  as  eihrr^  alcohol,  oil,  Ac.).  These 
symbols  not  admitting  of  the  formation  of  a  sufficient  number  of  special  signs  by  mere 
Ttiriatiou^  of  position,  the  signs  representing  particular  substances  were  obtained  by 
plricing  the  initial  letters  of  their  names  inside  the  common  symbol  of  the  class  to  which 
they  belonged.  For  iiutance,  among  the  metals,  gold  aJone  was  denoted  by  the  symbol 
0,  "in  order,"  as  theauthorssay.  '*  to  preserve  the  ancient  character/*  the  remaindsc 
being  denoted  by  a  circle:,  inside  which  was  inscribed  a  letter,  or  in  case  of  the  names 
of  more  than  ooe  metal  having  the  same  initial,  two  letters,  talcen  from  their  liitin 
6am«e.       For  instanoe^  (r)  Uad^   0  platinum,  0  eilver,  (g)  ars^niOf  (u)  annV/umy, 
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&c.  Compoand  bodiM  were  denoted  by  thA  juxtApofii'rion  of  the  symbola  of  their 
•lemenlfl,  tfaeae  being  pitied  apon  the  same  horixontal  line  wh«n  the  elomeata  were 
ngarded  aa  mntimlW  oatoratfHl,  but  when  any  olpment  was  Boppoeed  to  be  in  excees,  its 
•yinbol  wofl  pljiced  below  the  line,  or  above  if  it  was  in  df*ftM*t  Thus  "y  repnvonted  ice  ; 
the  same  combined  with  a  small  quantity  of  caloric  oonstitnted  water  W-^  and  with 
cdoric  in  excesa  it  conatitutod  tUam  3~-* 

A  moat  import-ant  ullvmtion  in  the  meaaing  of  chemica]  symbols  resulted  from  tho 
introduction  of  the  at4)niic  tUoory  ;  from  this  time  they  had  not  merely  a  quahtatiTS  but 
a  qnantitatire  significalion,  the  sj^mbol  of  each  aubatance  no  longer  representing  an 
indefinite  quantity  of  tbtU  substance,  but  a  particular  weight  proportionnl  to  tha 
supposed  wei^tit  of  ita  atom.  The  atomic  syniboU  employed  by  Da  It  on  had  all  the 
same  general  form,  namely  that  of  a  circle,  this  form  being  moat  likely  aduptinl  by  him 
beoaose  be  cooaidered  the  atumu  themaelTea  a«  in  all  probability  Bphfrical.  Examples 
of  some  of  the  oymbols  employed  by  him  for  non-metiillic  elements  have  already  beea 

Siren  in  the  articles  Atouio  Wbiohts  (i.  453)  and  EarrvAUurrt}  (ii.  494) ;  in  order  to 
enote  the  several  metala,  he  adopted  the  same  expedient  aa  Haasenfratz  and  Adet, 
namely  placing  their  initial  letters  inside  the  circle. 

In  1816,  BerzeliiiH  proposed  a  system  of  nutation  in  which  the  nse  of  initial  letters 
was  extended  to  all  Uib  elements,  and  the  use  uf  the  enclosing  circles  was  dispensed 
with.  At  the  same  time  ho  introduced  the  method  of  denoting  sereral  atoms  of  tfaa 
same  element^  or  several  molecules  of  the  same  componud,  by  means  of  coefficients, 
thus  briugfing  cbomical  notation  almost  exactly  mto  ita  present  state.  But  in 
addition  to  tho  modem  system  of  chemical  formulte,  which  wUl  be  found  more  fully 
destrribed  below,  Berzeliun  proposed  a  syattim  of  miucrulogieal  fonnulre,  which  though 
seldom  met  with  in  modem  works,  require  some  notice  iuu  historical  summary.  Those 
fommla*  were  used  only  for  the  alkaline,  ejirthy  and  some  metAllic  HiliraLPH.  Silica 
luid  the  various  oxides  occurring  in  these  minerals  were  denoted  by  their  initial  letters, 
the  higher  (or  'ic)  oxides  by  capitals,  and  ihe  lower  (or  -onsi)  oxides  by  small 
lettt*rs.  italics  being  employed  for  both  in  order  that  these  might  not  be  confounded 
with  the  chemical  formuhe.  For  inst^ince,  K  «  potatih.  N  =>  soda,  B  »  barrta,  8r  — 
ntia,  C  =  lime,  A  »  alumina,  S  ~  silica,  Mn  »  mangnnic  oxide,  mn  =«  mon^snous 

ide,  >'  =  ferric  oxide,/  =  ferrous  oxide.  When  two  symbols  were  joined  witlioiit 
%  coefficient,  they  represented  a  compound  of  two  oxidf«  in  such  proportion  that 
each  contained  the  »ame  quantity  of  oxTgf'n:  thus  (taking  5  =  SiO^),  AS  stood 
for  j^0*.AO*:  but  when  a  coefficient  was  used,  it  denoted  combination  according 
to  a  multiple  of  the  above  proportion,  as  ^5"  -  Al'0'.'6StO\  or  ^'5  —  2M*0*.SiCr. 
(BersoHuB,  Lfhrhuch  der  Cht^jnir^  ed  1831,  vol  ir.  pt.  2,  p.  1078.) 

Still  another  syBtem  of  abbreviated  formuls  proposed  by  Beizolius  is  now  seldom 
nsed,  except  by  mineralogists,  and  may  therefore  be  mentioned  here  in  connexion  with 
the  foi^omg.     We  refer  to  the  use  of  dots  placed  above  the  symbol  of  an  element  in 

order  to  express  ita  combination  with  oxygen,  as  S  for  SO'  and  S  for  SO'.     After  the 
LdisooTery  of  the  sulphur-salts,   this  mode  of  notation  was  extended  by  the  use  of 
ommas  to  stand  for  sulphur,  short  horizontal  strokes  for  selemum,  aad  small  crosses 
*  tellurium  *.  thus 

K  Ho  molybdato  of  potassiom. 

K  Mo  snlpho-molybdate  of  potasssinm. 

K  Mo  seleno-molybdate  of  potassium. 

K  Ho  tellara-molybdato  of  potassium. 

Prom  a  chemical  point  of  view,  these  formabe  are  open  to  the  serious  objection  that  they 
«m  to  imply  an  esaential  difference  between  t)ie  mode  of  eombinntion  of  oxygen  and 
I  Analogues,  and  that  uf  idl  other  elements.  Acc^rdiugly,  Ijiebig  andPoggondorf, 
^  fa  their  great  Dictionary  of  Chemiatry,  recommended  the  entire  abandonment  of  them 
(see  Handwort'Tbueh  dtr  rnnen  ufM  angevandUn  Chemie^  preface  to  first  edition ; 
also  Ann.  Phurm.  ix.  3.  foot-note),  aa  well  as  of  the  horizontal  strokes  through  symbols 
used  by  BeraeliuH  to  denut«  double  atoni-s.  At  the  same  time  they  proposed  uDother 
modificatiun  of  Kerzelius's  notation,  which,  though  it  has  been  extensively  adopted, 
CAonot  be  considered  as  an  importajit  improvement     This  was  the  placing  of  the 


^Lfitroi 
^Kttid 


I 


■  It  li  fturthjr  or  remark  tbjt,  aTthnngli  we  now  know  the  conception  of  caloric  at  n  lubttmre  to  hiVB 
htitfii  erronfuut,  the  ^ttemgii  ui  exprcsi  the  qiuiitlty  of  it  cotitAitiMl  Ln  a  milrrjnl  aulHtance  Jm  w^y  kItpd 
liatr,  rcndrr^tl  Hakic tirriitl  uid  AO^'t'i  foniuilx  In  on?  r<>tpc\'t  mor>'  comi,i1>>ti'  tttaii  lh">e  naw  errpluyrd. 
Tlie  Qvi\f  »iiuilar  attvmnt  wo«fe  act^iuiuttid  wtth  iDoudern  rtiemtttrj  it  litelrito  .Mr,  BowinAn'ftineLbu4 
of  dctiulin};  the  staEu  of  n^irrpftatiati  m  a  •utittatii.'p  lijr  varyuiif  ifac  kind  of  tjpo  em^ilof  oil  la  pnolltiK  ita 
fjnnboU.    (Amc  hia  ProctiaA  LMcmittrff^  txintlon  JSIH,  }ip.  xriii.— x&lii.J 
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small  nninomls  employed  to  moliiply  the  elcmcntAry  symboLt.  below  the  symboli 
inatcad  of  above  them,  as  CO,  iiuiteiid  of  C0«,  C,Hb  iuBteod  of  G*fi*  &c.  The  object 
of  thia  Utter  alteraliou  was  to  prcTCtit  the  powtibility  of  the  coefficients  employed  in 
chomical  formolie  being  aappo»ed  to  bare  the  fiarue  meftning  ba  tbe  •iniil&riy  pUcM 
exponents  in  raiithpmalic&l  formula.  Mit«cherlirh,  with  the  same  object,  aroided  tha 
use  of  the  umull  nunierak  ultogether;  thiiu  for  in»*tAnc<>  he  wrot«  chloride  of  beuioyi 
fuaing  the  atomic  weighU  of  the  period)  14C10112O2C1  instewi  of  C'^H'^O'Cl*.  The 
Ganger  to  be  avoided  was  not  however  so  great  as  to  neceaaitAte  either  of  these  expe- 
dienta. 

At  firsts  ovea  after  they  had  assunied  almost  completely  their  modern  form,  cbrtnioil 
formahe  were  Dot  so  mach  ofied  to  express  proceam'H  of  ehemical  change,  am  to  d«DO(« 
the  composition  of  indiridual  substances.  When  tliey  were  used  to  express  a  reacboa 
the  arrangement  of  the  aymbola  waa  oaaaUy  diffV'ront  from  that  now  commonly  adoi^cd. 
Aa  a  g«nerai  rule,  instead  of  a  chemical  eqmition  as  now  writteu,  the  fbrmulie  of  the 
reagents  were  written  one  under  the  other,  the  similar  atoms  bein^  added  tojvetber,  and 
the  same  was  done  with  the  furmols  of  the  produc^la,  and  the  sign  s  was  placed 
between  the  two  sums.  For  example,  the  tran8furmatioD  of  pruaeic  acid  and  water 
into  fonxuc  acid  ammonia  iathos  represented  in  Liebig's  treatise  on  Organic  Cbemiatry : 


( 


'*  1  eqniv.  of  hydrocyanic  acid,  N"CH'     \       (\  equiv.  of  amronnia      .      N'     II' 
8  etjoiv.  of  water       .        .  H'O*  [  =  j  1  cquiv.  of  formic  acid  ,  CH'O* 

Bnt  the  more  modem  form  of  chemical  equation  with  the  siftn  +  was  likewise  used  not 
onfrequently,  the  idea  of  expressing  chemical  changes  in  this  way  dating  in  fiict  ttcm 
Lavoisier,  in  whose  TVaiU  iUmmtairt  tU  Ckimic  (Vartie,  i  chap,  xiii.)  there  occnn  m 
true  chemical  equation :  namely, 

*'  MoiU  de  raixin   «  acide  earhoniqve    +    aloool." 

Turner,  Johnston,  and  Graham  were  among  the  first  British  chemists  who 
adopted  Bereelius's  notation,  and  the  earliest  English  elementary  work  into  vhich 
it  was  introduced  was  the  third  edition  of  Turner's  ElrmenU  ^  Chemi$tiy.  For 
some  time,  however,  the  use  of  the  aymbolic  notation  met  with  considerable  oppo- 
sition in  this  country,  a  certAin  number  of  chemists,  one  of  the  moet  considembln 
of  whom  WAS  Kichiird  Phillipa^  objecting  to  the  system  as  a  whole;  while  ia 
other  quarters  objection  wa»  taken  to  tlie  aso  of  mathematical  signs  in  a  sense  some- 
what different  from  that  which  they  bore  in  mathematics.  Dr.  Who  well,  who  was 
one  of  the  most  strenuons  opponents  of  BArzelius's  notation  upon  this  ground,  en- 
deavoured to  replace  it  by  a  system  in  which  the  mathematical  meaning  of  the  a\zp^ 
was  more  closely  adhered  to.  But  whatever  may  have  been  the  merits  of  WheweU's 
notation,  it  was  so  far  from  corresponding  to  the  actual  rnqnirements  of  chemical 
science,  (>hat  it  never  came  into  use,  and  it  is  sufficient  here  to  have  referred  to  it. 

[For  particulars  of  the  controversy  above  allude<l  to^  see  Whewell,  On  the  tmphf- 
ment  of  Notation  in  Chemistry,  Joum.  Roy,  Inst,,  i.  347,  May  1831.— Prideaux, /?<7j/y  to 
Whtmrll,  advocating  Bersdius's  Sj/sfrm,  Vhil  Mag-  Ann.  N.  S.  x.  104.  Aug.  18.11.— 
Warington,  On  Chemical  S^mhoU,  with  remarks  on  Whewpll's  paper,  PhiL  Mag. 
Journ.  u  181. — Berzeliua,  Bcpit/  to  Whtturli^  Jahn-«b.  xv.  201. — Whewfll,  Rtyty  to 
BrTsdiH4,  PhiL  Mag.  Joum.  iv.  9. — R.  Phillips.  On  the  usf  of  Chemicnt  Sj/mboU, 
ibid.  iii.  443  ;  iv.  246. — Pridenux,  RrptifstoPhilliju,  ibid.iv.  41  ;  464. — Gnuham.Rtvlit^ 
to  PkiUifa^  ibid.  iv.  106  ;  402. — WL(^weU*s  system  of  notation  may  also  be  founa  in 
Brande's  Manual  of  ChrmiHry^  6th  edit  1841.] 

The  importiLnt  modifications  or  exteni>ionB  which  the  notatJon  of  chprnisfry  has 
received  since  the  time  of  Borzflius,  arc  not  numerous.  Among  the  moat  valuable  we 
may  mention  the  introduction,  by  Gerhard  t,  of  "general  formule,"  in  which  letters  of 
Tsnable  value  are  used  as  coefficients  instead  of  numbers,  and  Odling'a  method  of  de- 
noting the  atomicity  of  polyatomic  elements  and  radicles  by  means  of  accents  placed 
above  their  symbols.     (Chem.  Soc  Qu.  J.  vii.  1.) 

The  consideration  of  the  quantitiitive  value  of  the  symbols  of  the  elements  does  not 
come  within  the  scope  of  thiw  article,  and  has  moreover  been  full}'  liisciissed  in  previous 
articles  to  which  we  must  refer  (Atomic  Wbiouts,  i.  452;  EQurvauiKTs,  ii.  491; 
Hbtjlls,  Atomic  Wkiohts  and  Classii'icatiox  of,  iii.  967).  The  various  opinions 
that  have  been  held  of  late  years  in  relation  to  this  subject,  hare  however  introduced  a 
good  deal  of  confusion  into  chemical  notation,  and  have  caused  the  more  or  Ictss  general 
adoption  of  a  variety  of  expedients  for  avoiding  the  consequent  ambiguity.  Such  of 
these  as  are  employed  la  the  present  work  are  explained  below. 

It  now  only  remains  to  explain  the  rules  which  are  gmerally  followed  by  the  leading 
chomibts  of  the  present  day  with  respect  to  chemical  nolatioui  and  especially  thosa 
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which  MTU  adopted  in  this  work.  The  Bymbolj  employed  to  represent  atomic  propor- 
tiuiu  of  the  several  elementary  bodies,  form  the  bnais  of  this  notation.  A  tabic  uf 
these  syiDbols,  and  of  their  numerical  ralues,  hna  alrendy  been  girec  ut  pKg^f^  164 
and  46d  of  vol.  i. ;  we  may  therefore  assume  that  they  are  known.  Compound  t>odies 
ore  represented  by  the  juxtaposition  of  the  BymboU  of  tho  elpraentary  utomsTrbich 
enter  into  the  compoaitiou  of  ono  molecale.  A  single  atom  is  represented  in  the 
formula  of  a  compoand,  by  the  corresponding  symbol  without  tiny  addition;  two 
or  more  atoms  are  represontod,  eithof  by  a  repetition  of  the  aymbol,  or  by  placing 
after  it  a  Bmsll  numf^nd,  aboTo  or  below  the  line.  For  exdniple,  the  formula  CHI^O 
reprewntif  cyanic  acid,  one  molecule  of  which  coutuiua  one  atum  of  carbon,  one  atom  of 
hydrogen,  one  atom  of  nitrogen,  and  one  atom  of  or>'grn;  HHO,  or  H'O,  or  H,0,  r«- 
pfMents  the  compound  of  2  at.  hydrogen  with  1  at.  oxygen ;  CH'N^'O^  repre- 
•Ants  a  molecolo  of  oxamide  containing  2  at  carbon,  4  at.  hydrogen,  2  at.  nitrogen, 
and  2  at.  oxygen.  SometimM  it  is  required  to  represent  the  ftict  that  in  some 
particalar  reaction^  or  set  of  reactions,  certain  atoms  of  a  compound  act  differ- 
ently from  the  rfroainder :  in  such  a  case  the  symbols  of  the  atoms  in  queetion 
are  usually  inclosed  within  brackets,  a  nnmeml  being  added  outside  when  needful, 
which  then  multiplies  all  tho  Bymbols  contained  between  the  brackets.  For  instance, 
in  order  to  express  that  in  monethylic  succinate  the  group  of  atoms  CH*  bchsres  in 
mtiny  reactions  differently  from  the  rest,  the  furmuta  of  the  compound  may  bo  written 
C*H»(CH*)0*,  instead  of  C^H'^O* ;  similarly,  diethylie  sueoinate  may  be  written  thus, 
C*H\C»H»)»0*,  instead  of  C"H"0«.  If  for  any  reason  it  is  de-sired  to  call  special 
attention  to  certain  symbols  whioh  are  already  contained  within  bmckcls  together  with 
others,  this  may  b«  done  by  placing  a  vinculum  over  thutn,  or  by  putting  ihera  between 
rotind  brackets,  and  the  larger  bracketed  group  of  which  they  form  part  1>etween 
square  brackets.  Thus,  suppose  we  want  to  write  the  formula  of  ethylJc  dicblonicetiits 
in  such  a  manner  as  to  call  attention  at  once  to  the  particalar  functions  of  the  groups 
constituting  the  radicles  ethyl  and  dichlonicetyl,  and  to  the  fact  that  the  number  of 
chlorine  and  hydrogen -atoms  in  dichloracetyl  is  equal  to  the  number  of  hydrogen 
atoms  in  acetyl — this  may  be  done  in  one  of  the  following  ways : 
(C»Sa'OXCfi*)0,  or  [(?(HC1«)0](C»H')0. 
Another  method  of  pointing  out  the  relation  betwef  n  substitution^derirativcs  and  the 
corresponding  normal  compounds,  is  to  place  the  Kymhols  of  the  Kuhstituting  atoms  at 
the  same  part  of  the  formula  as  would  otherwise  hovo  been  occupied  by  the  symbols 
of  the  atoms  whose  pldce  they  have  taken,  writing  them  when  needful  above  or  below 

the  line.  For  example,  nitrobeiuoic  add  may  be  represented  thus,  C*^n«0',  to  ex- 
press the  fact  that  the  atoma  NO'  have  taken  the  place  occupied  by  an  atom  of  hydro- 
.gen  in  the  normal  compound  C'H*0* ;  Bimiiorly,  dibromo-trichloro-naphtiuUene  may  be 

Br» 
written  C'*C1*.    This  mode  of  arranging  symbols  in  a  formula  is  especially  used  to 

W 
represent  the  constitution  of  bodies  which  may  bo  conceived  as  formed  by  the  substitu- 
tion of  other  atoms  or  mdicles  for  hydrogen  in  tho  typical  compounds  HCl,  H'O.  H'N, 

■&c. ;  A  g.  ethylic  acetate  when  compared  to  the  type  H*0  is  often  written    r>iH»0^  ^"^ 

*^^«  [  0 ;  simiUrly  diethylamine,  when  compared  to  tho  type  H"N,  is  often  written  CH*X 

H  '  N  or  ^    H     i  ^'  ^"^    ^°  order  to  facilitate  comparison,  the  formula  of  the 

TT  TT  J 

jtrimitive  types  are  often  written  in  the  aame  manner ;  as  water  ^^0  or  „  [  ^»    ammo- 

H         Hi  I 

nia  HN  or  H  vN.     The  use  of  a  brace  r  in  such  formulse  has  no  other  object  than  to 
I  H  Hi  * 

I         indicate  a  little  more  clearly  the  exact  relative  positions  of  the  symbols,  and  thereby 

the  supposed  order  of  combination  of  the  atoms  they  represent. 
j  In  onler  to  represent  chemical  changes  by  means  of  symbols,  the  formula  of  the  re- 

I         acting  bodies  are  written  on  one  side  of  un  equation,  and  the  formula  uf  the  products 

on  the  other,  the  several  t^rms  on  each  side  being  separated  by  the  sign  + ,  as — 

NKO"     ■*-     SH»0«     =     KHO"     +     SHKO' ; 
or,  if  it  is  desired  to  direct  special  attention  to  some  one  product,  this  is  placed  alone 

I 00  one  side  of  the  equation,  aa 
HHO*     +     KHO     -     H*0     =     NKO». 


or 
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With  K^Ard  to  the  meftniDg  of  the  algebraic  «igiiB  ^,  -f  and  —  in  chf>mieal  eqnaCton% 
it  mtut  be  observed  tbat  th^  si^  »  ezpressea  merely  rquaHiv  in  wtight ;  the  figa  -f . 
that  tvo  sabsfancoe  between  whose  formutie  it  is  placed  ore  muted  lootther  ;  and  the  fign 
— ,  the  teparation  or  rmHoval  from  each  other  of  two  mbstaxicea.  Sometimee  bowercr 
ve  meet  with  the  sign  -t-  tmed  to  denote  combination ;  but  such  an  emplojment  of  it  ii 
apt  to  lead  to  great  confiuion  and  onght  always  to  be  avoided. 

If  two  or  more  molecules  take  part  in  or  result  from  a  reaction,  the  number  of  mol^ 
cnlcs  is  expressed  by  a  full-sized  numtral  preceding  the  formula  of  the  substance  a 
quenrion  :  thus  when  chlorine  is  prepared  by  heating  a  mixture  of  chloride  c^  nodinn, 
iDuu^anic  dioxide,  and  salphoric  acid,  the  reaetioD  takes  place  between  two  molecules 
of  the  chloride,  one  molecule  of  the  oxidr*,  and  two  molecules  of  the  acid,  and  is  C0»» 
•equently  represented  by  an  equation  thus — 

2Xaa  +    MnO»  +   2iPS0<  =  Ka»SO«  +    MnSO'  +   2H'0  +   CI«. 

The  manner  in  which  the  lar^e  and  small  numerals  are  employed  in  chemical  frmnnlii 
will  be  easily  understood,  if  it  is  borne  in  mind  that  the  use  of  the  former  is  to  multi- 
ply the  formula}  of  molecules,  while  that  of  the  latter  istomultiply  the  symbols  of  atoms, 
or  the  formulce  of  radiclee  behaving  like  atoms.  Sometimee  these  ooeiScientfl  arpinter> 
chiin^:ed.  but  thifi  Is  always  incorrect,  us  their  true  meaning  is  quite  distinct,  forinstanes 
the  formula  C*H'cannot  have  the  same  meaning  as  2CH*;  similarly  two  molwules  of  wal«r 
onpht  ftlwjiys  to  be  written  2H'0,  oot  H*0*,  which  would,  strictly  speaking,  beth«*form* 
ula  of  a  compound  one  molcnle  of  which  contained  four  atoms  of  hvdrogen  and  two  atoms 
of  oxygen.  A  similar  remark  applies  to  small  numerals  employed  to  multiply  a  group  of 
symbols  inclosed  within  brackets :  e.^.  (CHK))*  shonld  not  be  written  (C*H*0*)  noreiM 
vtrsd.  When  the  formula  to  be  multiplied  bv  pretixing  a  large  numeral  is  already  broka 
up,  by  some  of  the  Nj-mbohs  being  contained  within  brackets  or  otherwise,  it  is  well,  in 
ordpr  to  avoid  po«>i>ible  mi8eonc<>ption,  to  inclose  thr>  whole  formula  again  in  brackets, 
puttintr  the  numondout^ile.  Thus,  if  the  formula  of  two  molecules  of  alcohol  were  writ- 
ten 2(C'K*)H0,  the  2  might  be  supposed  to  multiply  onl^  the  (mnbols  between  Um 
brackets:  to  avoid  any  ambignity  it  would  be  better  to  wnte  2r((7H*)HO]. 

Somotimi^R  thf*  symbols  making  up  the  formula  of  a  single  molecule  areaepaivted  \fj 
tk  point,  as  >'a'SOM0H'O.  The  proper  mpaniug  of  this  sign  is  to  denote  that  if  lite 
atoms  represented  by  the  symbols  on  either  side  of  it  are  removed,  onn  or  more  cora- 
pli>te  molectilcs  will  sfill  be  left  When  a  numerical  coefficient  is  prefixed  to  etich  a 
fonijula,  iu*  multiplving  power  extends  only  to  the  syuil'ols  preceding  the  point:  thus 
the  formula  2KCLSbCl'  la  not  equivalent  to  2(KCl.SbCI").  When  the  numeral  is  in- 
tended to  apply  to  the  whole  formula,  this  should  always  be  placed  within  bracVeta. 

In  the  application  of  chemical  fbnnnl&e  to  mineralogy,  it  is  often  needful  to  be  nble 
to  represent  the  general  compo«ition  of  a  mineral,  the  composition  of  particular  speci- 
mens of  which  may  vary  considerably,  in  consequence  of  the  more  or  less  complete 
replotvment  of  one  constituent  by  one  or  more  others,  iaomorahous  with  it.  Thus 
the  furrauta  of  normal  orthoclase  or  potash-felspar  is  K'Al'Si'O'*,  bat  the  composition 
of  l.ho  mineral  often  differs  cnnaidorably  from  that  represented  by  this  formula,  the 
potassium  being  partially  replaced  by  nn  equivalent  quantify  of  sotlmm.  magneinaia, 
or  calcitfm,  and  t-ho  aluminium  partially  replaced  by  iron.  This  variability  of  oompo- 
aition  is  exiveased  by  writing  the  formula  thus :  j 

(K^  Na';  Mg";  Ca")(Al»;  Fe«)*'Si«0". 
which  signifies  that  each  molecule  containsa  quantity  of  potassium,  sodium,  magnesium, 
and  calcium  which  is  together  eqnivilout  to  one  atom  of  potassium,  and  ii  quantity  of 
aluminium  and  iron  which  ia  altogether  equivalent  to  two  atoms  of  aluminium. 

The  nymbols  given  in  the  table  already  referred  to  (i.  464,  465)  represent  in  nearij 
all  cosea  the  atomic  weights  adopted  by  Gerhardt;  but  in  addition  to  these,  other 
scales  of  atomic  weights  are  in  use  which  it  is  often  needful  to  dJstiaguJNh  by  the  em- 
ployment of  different  (symbols.  In  the  first  place,  there  is  the  scale  adopted  in 
*'  Omolin's  Handb'>ok  of  Chemistry,"  and  some  years  ago  almost  universally  employed 
in  (.his  country:  when  formulEe  fuundf-d  upon  this  scale  arc  used  in  this  work,  they  are 
distinguished  by  being  printed  in  italics.  Secondly,  in  order  to  denote  atomic  weights 
twice  as  greut  as  those  assaraed  by  flerhnrvlt,  the  ordinary  symbol  is  cbMnged  by  the 
reduplication  of  its  first  consonantf  as  Ppb,  Ffe,  All,  &c.,  or  a  horizoatol  stroke  is 
drawn  through  it,  as  Pb.  Fe,  AI,  &c.  Thwk*  modes  of  notation  are  not  employed  pre- 
cibely  in  the  same  way  by  all  ehomista,  but  as  special  methods  are  seldom  adopted 
without,  explanation,  we  need  not  enter  into  further  detail.  It  is  greatly  to  be  desired 
thnt  all  chomistfl  should  agree  iu  regarding  the  mndifi*^  notations  now  in  use,  as  merely 
temporary  expedients,  and  that  they  should  aim  at  returning  as  soon  as  practicable  to 
the  uniform  and  sole  use  of  the  symbols  origiually  proposed  by  Berzolius.* 

G.  0.  F. 
*  This  reconunendfttlim  hu  ticva  foUowed  Id  tbc  pmrat  edition. 
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WOTTTB.    Palagonite  &om  Val  de  Koto. 

inrczv.  A  substanco  cuatained  in  groen  walnat-BheUs.  It  ia  prepared  by  mizinj; 
tbu  ethort^al  extract  of  th^  shells  with  a  perfectly  neutral  solutio.]  of  cupric  eulphate  till 
it  tuMtimee  a  pore  blood-red  colour;  then  decanting  and  filtering,  and  cautjounly 
adding  nitric  acid  (avoidinx  an  excess)  till  the  rt^  colour  changes  to  blne-greeo.  The 
nucin  w  thereby  set  free,  ana  by  diaaolTing  it  in  ether  and  evaporaliug  over  oil  of  vitriol, 
may  be  obtained  in  the  form  of  a  vellow  powder  composed  or  micmnropic  needles.  It 
IB  insoluble  iu  water,  spuringly  soluble  in  alcohol,  sabltmcs  at  a  little  above  100*^  (or 
according  to  later  expcriinenla,  soniuwhat  Itelow  &0^),  in  reddiBh-yoUow  needles.  Ain- 
inonia,  fixed  alkalis,  and  salt»  haviii^^  an  alkaline  reaction,  impart  to  it  a  splondid  rod 
colour.  The  red  anunoniacal  solution  mixed  with  hydrochloric  ncid  depositB  a  brown- 
rod  flocculont  precipitate,  solublo  with  r^  colour  in  ammonia.  Nucin  is  free  from  nitro- 
fcQ,  but  itJi  exact  composition  hafi  not  been  determined.  (Vogel  and  Reiachaner, 
ahrwb.  1856,  p.  603;  1858.  p.  633.) 

The  name  ^ucin  has  uUo  been  applied  to  a  brown  reainouB  sabstance  {bund  by 
>nded  in  the  bard  (iheU  of  the  coooa-nut. 


A  numn  applied,  somotimea  to  the  albutmnoua  constituent  of  tha 
crjKtiilltue  lens  {Handuorttrhtchy  t.  623),  sometimes  to  the  aubstaocd  forming  tha 
nucleuii  of  the  bloud-ccUs.     {LchtnanrCv  Pkysu/foffical  Chemiatry,  ii.  186.) 

jnrcXiBXrs  TBSO&X.  Tfthrie  df4  Nnyaux.  Kemtheorie. — A  thaoiy  of  th« 
eonstitulioQ  of  organic  compounds,  devised  by  Latirent  (Ann.  Ch.  Phys.  [21  Ixi. 
125),  and  adopted,  with  some  modifications,  by  Leopold  Omelin  in  hi?  "HHnabook 
of  Chemistry."  (English  edition,  voL  viL  p.  18).  It  supposes  all  oi^anic  compounds 
to  be  formed  from  certain  hydrocarbons  containing;  even  numbers  of  carbon  and 
hydroRen-Rtoma,*  e.  g.  Etliylenn  C*H*,  Amylfoo  C^'H'*,  Benzene  C"H*,  Nnpbtha- 
It-no  0*"H".  These  arti  called  Primary  Nuclei;  and  from  tht-m  are  former! 
Secondary  Nuclei  by  substitution  of  chhrior?,  broiaine,  oxygen,  aulphnr,  nitryl 
(NO*),amidogen(NH'),  &C.  forequivalentqunntitiesof  hydropfn.r.*;.  from  nuphthalens 
the  secondary  nui^Iei.  C«H'0,  C»H*Br=,  C»H»C1»,  C"H\NO*)',  &c,',  &c  Further,  both 
primary  and  secondary  nuclei  are  capable  ofuttaclmig  to  themselves  extenially,  usit  werr, 
certain  atoms  or  groups  of  atoms,  always  in  evpn  numbers,  thereby  producing  alcohols, 
ethers,  acid«,  ftlkalrkids,  &p..  &;c.  Thus  ftliylene,  CH*,  by  addition  nf  the  group  HO, 
produces  ether.  C*HMIO  -  C'H*0 ;  with  H*0'  it  forma  alcohol,  CHMI'O^  =  C*H«0« ; 
with  0',  aldehyde;  with  O*,  acetic  acid,  &c. :  aj^ain,  from  the  secondary  nucleus  diox- 
ethvlene.  C'H*0«.  is  formed  oxalic  acid,  C*H'0-.0«  =  C*H'0':  hHchlor*lhyleDe,C*Cl'H, 
with  0*  furms  cliloml,  C*Cl"R.O» ;— amidothylt-ne,  C*(NH«)H»  or  C^AdH".  yielda 
ncetamide,  C^Adll'.O'   =   C*H»NO',  and  ethylaraine,  C*Adn«.n*   =    C'H^N.  &c. 

Lastly,  the  compnunds  thus  formed  are  capable  of  uniting  ivith  others  both  organie 
and  inorpianic,  forming  what  are  called  coiyugated  compounds,  including  the  so><slled 
compound  ethers,  coujuj^ated  acids,  (fcc 

Thus,  in  the  ethylc'ne  seritvi,  we  h*ive  neutral  ethylic  pho8phate,3C*H'O.PO':  ethylio 
biborata.  C*H»0.2Ba' ;  eihvt-salphuric  acid.  C*H»(>.2S0»;  xanthic  acid.  C*H*0V2CS»; 
'lichlorociirbonic  ethf>r,  C^rl^H»<>.CO= ;  pcrcliloro-enrbonic  ether,  C'CI^O.CO' :  terchlo?^ 
•thylic  acetate,  C*C1'H»0.C'B"0';  earbamic  other  or  urethana,  C*AdHVH'.2C0" ; 
taurine,  C*AdH^H^280».  &c 

As  a  ^thor  illustratioa,  we  give  the  entire  seriea  of  compuunds  derived  from 
«mylen«,  C**H'»  i^Uandbook,  toL  xi.) ; 


Atnylene.  C''H'« 
Amylic  Hvdride,  C'H'^H" 
Amylic  Ether,  C'"*n'MIO 
Aravlic  Alcohol,  C'*H'".H'0* 
Valenddide,  C"»H".0« 
Valerianic  acid,  C'«H'».0' 


PancxBT  NucLTOs,  0*H>» 

Amylic  Snlphide,  C»H>*.HS 
Ajnylic  M(;rcaptan.  C'H'MI'S' 
Amylic  Iodide,  C'*H'*.HI 
Amvlic  Bromide.  C'B'MTBr 
Amvlic  Chluride.  C'«H'".HCl 
Telluramyl,  C'*H'*.HTb 


OmjugaUd  Compounds  of  the  PrtTnary  Nudew,  C'*H". 

Amylic  Carbonate        .  .  C"R»'CO"     -     C"H"O.CO« 

Tribanic  Amylic  Borata  .  0*H"BO* 

Amylic  Bibomte  .  .  C"H*>B'0' 

Amylic  Phosphite         .  .  C*H»PO* 

AmylophoaphorouB  acid  ,  C"fi"PO* 


=  3C'»H"0.B0" 

-  C'*H"0.2BO" 

-  2C"H'^O.PH0* 
s  C'«H'"0'.PHO* 


Gmelln'i  Huidt>ooli ;  H  s  1,  C  •  • 


144 


NUCLEUS  THEORY. 


Cot^vgaUd  Coff^unds  (mmIAikmQ. 


AmylophoBpliorie  acid 

, 

• 

C'»H»«PO» 

AmylraulpnnronB  add          •        • 

C"H'«8«0* 

Amyloeulphnrie  acid 
Amylzanthic  add 

C"H»«8H)« 

C»*H'K)«S« 

HethTlamjlic  Oi^snlphocarlwDate 
Ethyf-amjlic  Oxysolphocarbonate 

C"H»K)«8* 

C»»H>«0«8« 

Amylic  Dioxjanlphocarbonata 

C»*H'»0»8« 

Amylic  Nitrite    ^. 

C»»H"NO* 

Amylic  Nitrate     . 

C»H"NO« 

Bibasic  Silicate  of  Amyl 

C"H«8iO* 

Amylic  Formate 

C'«H"0« 

Amylic  Chloroformato 

C«H"C10« 

Meth;^lic  Valerate 

C'»H"0* 

Amyuc  Cyanide 

C"NH»» 

Amylic  Sulphocyanide 

C'»NH"S» 

Amylic  Acetate 

C"H»H)* 

Amylic  Chloracetata    • 

C»*01*H»«0< 

Kthylic  Valerata 

C"H»*0* 

Amylic  Oxalate .         .        « 

C«H«0» 

Amyloxalic  add          •        ^ 

C»*H*K)» 

Houovalerin       •        •        • 

C'*H*«0« 

Biralerin     .        •        •        < 

C»H"0" 

Triraleiin  .        •        •        • 

C»H^»" 

V&lerone     .        •        •        « 

C»H'»0» 

Vaieracetone        •        • 

C«H>«0« 

Amylomalic  add          •        • 

C"BPK)'» 

Amylic  Valerate          •        . 

C»H»0* 

C»H»«O«.280« 

CitH»O*.2C8>0 

C«H"(CH»)0«.SW 

C»H"(C*H»)0«,2Ca^ 

C«H"aC«SH> 

C»H"O.NO» 

C"H»»O.NO* 

2C"H"O.SiO» 

C«»H»»0,C*HO» 

C"H»'OCKJ10" 

C'"H»,C*NH 
C"H'«.C»NHS» 

C»H"O.C*a»H0» 

C*H*O.C»«HK)« 

2C»»H»0,CH)« 

CfHH)".C"H"0» 

C«HH)».(C"HH)*)» 

C"H"0».C»H» 

C»H»H>*.C»H«, 

C"H"O.C**H»0» 


SXOOMSAST  KUOUO. 


Oxygcn-nucleua^  C"H*0. 
Valerianic  anhydride   «  C»H»0.0« 

Oxygtn-nudeus,  C'»HK)«. 
Pyrotartaric  add  -  C'»H»0».0* 

Ox^g&n-nueleus,  C"HK)*. 
Pyrotartaric  anhydride,  C»H*0*.0» 


Chlorine-nudnu,  C'Cl'H', 
TrichloroTOlerianic  add,  C'*CI"H».0* 

Cklorine-nveleuB,  C>*C1<H". 
Tetiachlozovalerianic  add,  C^*GII«H'.0* 


Amidoffen-nucUus,  C"(NH^  -  C*'AdE*. 


Amylamine       .        • 
Diamylamine     .        . 
Methyl-ethyl-amylamine 
Biethyl-amprlamine    . 
TriamyUmine    .         . 
Methvl-diethTl-amylanune 
Triethyl-amylamine  . 
Tetramylamlne . 
Valerumide        •        • 
Amylurethane    •        • 
Ozamylane        .        • 
Sincahne   .        .        • 
Xanthamylaxnide       • 


.  C»»NH" 

.  C^H«" 

.  C'«NH» 

.  C"NH« 

.  C-NH" 

,  C»NH» 

,  C«NH» 

.  C«NH" 

.  C"NH"0»     . 

.  C"NH»K)«     . 

.  C>«NH»»0«    . 

.  C»»NH'»0*    . 


C«AdmH» 

C«Ad(C'»H")mH« 

C'"Ad(C«H»XC*H»)H».H« 

C'»Ad(C*H»)*H'.H« 

C'»Ad(C'»H»fH'.H« 

C'»Ad(C«H"XC*H»)«H«.W 

C'-Ad(C*H»)"H«.Hi 

C"»Ad(C'-H'»)-H«.H* 

C'-AdlP.O' 

C'«AdH-.H».2C()» 

C»AdH».H».C*0« 

C'»AdH».H«.0* 

C»AdH».H«.CS«.CO». 


AmidogctMnudeut,  C"Ad«H«0«. 
Inodc  add,  C"N»HH)w  -  C»Ad«HK)«.0* 


Valeronitrile,  C'»NH» 


Amylene-nrea  • 
Valeiyl-urea  . 
Amyl-piperidine 


Conjugated  Compounds. 

.    C"N*H»0»     »     C'»H».CPN«H*0« 

.    C"N^H'»0*     «     C"H»0*.(?N'H*0» 
.    C=»NH"  =     C»H'».C"AdH» 


The  Ducleos  theory  has  not  been  adopted  in  any  other  systematic  work  on  Oxgud 
Chemistry,  and  it  is  perhaps  unfortunate  that  Omelin  should  hare  made  it  the  baaisc 
ais  arrangement  of  organic  compounds ;  for  it  is  entirely  artifidal,  of^«n  bringing  iat 
dose  proximity  compounds  vhich  have  little  or  no  natural  relation  to  one  anotlia 
and  has  mofaoTerthe  radical  defoct  of  rfpresenting  organic  compounds  as  a  daai  o 
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boilipa  qaite  distinct  from  inorganic  corapoundH,  a  distinctioD  which  r^ent  inTMtiga- 
tionis  hnvo  shown  to  bare  no  existence  in  nature,  Siiil  as  an  artificial  ijstom  it  is 
perh«ps  as  conveni»t  as  any  other,  and  enables  us  with  facility  to  arrange  and  claaatfy 
nearly  all  organic  bodies  whose  compoMtion  has  been  well  made  out,  as  may  be  aeea 
by  reference  to  the  precedinf?  table,  and  ftirther  to  tho  Tables  of  Contents  of  the  sereral 
Tolumea  of  Gmelin's  Handbook  relating  to  organic  chemistry  (vols,  vii.-xri.).  The 
objection  sometimes  nrgcd  against  it  that  th^  number  of  carboo-atonis  in  a  compound 
must  be  known  before  its  place  in  the  syRtem  can  be  determined^  is  not  of  much  force ; 
for  no  system  that  conld  be  derised  would  enable  an  enquirer  to  find  the  place  of  any 
given  compound  in  it  without  knowing  something  about  its  constitution.  A  more 
serious  objirction  to  the  system  is  that  many  compounds  cannot  be  arranged  under  ic 
at  hIL  Such  conipo  mds  are  placed  in  the  Handbook  as  Appendices  to  the  groups  to 
which  thoy  appear  to  have  the  closest  affinity.  Thus,  undpr  the  head  of  compounds 
contaiuing  32  carbon-atoms,  linaeod-oil  and  other  drying  oils  are  pLiced  in  an  appen- 
dix  to  Linoleic  acid ;  fish-oils  as  an  appendix  to  Physetoleic  add ;  and  the  solid  natural 
&ts,  as  an  appendix  to  the  Cet3*lene  series  in  general  This  defect,  however,  is  not 
peculiar  to  the  nucleus- theory :  indeed  in  classifying  compounds  according  to  tlie  radicle* 
theory,  we  meet  with  at  least  an  equal  number  of  i^umpouuds  which  at  preAent  appear 
intractable:  in  Gerhardt's  TraiU  de  Chimie  organique^  for  example,  which  is  arrunKed 
according  to  that  theory,  about  a  fourth  of  the  entire  space  ia  Laken  up  with  the  des- 
cription of  "  Corps  4  serier." 

jnnttBBSS,  JmA.'W  or  BVW.     See  CLAsamcATion  (i.  1011). 

VrrSSIBSITlL  An  impure  pyromorphite  containing  arsenate  of  lead,  fipom 
NuMifere,  Dep,  of  Rhone,  France. 

WUT  OZ1«8.  Hufel-nuts,  the  seed  of  Cotyitu  Avellana,  yield  60  per  cent  of  a 
eolourlf«s  or  pale  yellow  oil  having  a  sweet  taste,  and  a  specific  gravity  of  0'9242  at  16". 
It  :>iolidifiea  at  —10°  The  cold-prrysed  oil  woa  found  by  X/cforf  to  contain  76'66 — 
7716  per  cent,  carbon,  11'46 — 1173  hydrogen  and  11-89— Ilia  oxygen.  It  forms 
with  ehlorine  a  colourless  compound  rather  thicker  than  the  oil  itself,  of  speciHc 
gravity  1081  at  3-5°,  and  eoutuining  21  06 — 20-25  per  cent,  chlorine.  The  hrominatcd 
oil  ia  yellowish,  of  the  same  consistence  aa  the  chlurine-compouad,  of  sprclfic  graviqr 
1-280  at  2-3°  and  containing  fi-oni  36-36  to  36-58  percent,  bromine. 

Walnut-orl  from  thf  kernel  of  Jaolana  rrgia^  commonly  called  nut  oU^  is  greenish 
when  newly  prfpajreiL,  but  becomes  palt'-yellow  by  keeping.  Specific  gravity  09283  at 
12",  U-&L94  at  VP,  and  0*872  at  94*.  It  is  inodorous  and  has  an  agreeable  taste.  It 
thickens  at  —16"  and  solidifies  to  a  white  mass  at  »27'5°  (Saussure).  It  dries  more 
quickly  than  Hnseed-oil,  and  is  therefore  much  used  in  painting. 

It  contains,  according  to  Lefort,  707  per  cent,  carbon,  11*6  hydrogen,  and  17 '8 
oxygen.  Forms  a  soft  soap  with  potash.  Walnuts  yield  as  much  as  50  per  cent,  of 
this  oiL 

Chlorine  converts  walnut^oil  into  a  light  yellow  butter  of  the  consistence  of  thick 
honoy  :  specific  gruvity  1*111  at  12°  and  containing  27*12 — 27 '26  per  cent,  chlorine. 
The  orofhinated  oil  hns  tbe  same  consistence,  a  speiiific  gravity  of  1*409  at  17*6^,  and 
contains  46*84 — 4675  percent  bromine.     (Gorh.  iu  898.) 

JiUTJCB<^  OZ&fl*  NutmegK,  the  need  of  Myrittica  aromatica  (or  M.  moKhata), 
yield  by  diMtilktioa  with  water,  about  6  per  cent,  uf  a  tranflparent,  nearly  colourless, 
mobile,  volatile  oil  of  specific  gravity  0-948  (Lewis)^  0*920  (Bley),  having  the  odour 
of  nutmeg,  and  an  aromatic  burning  t«ate.  It  contains  Sl'l  percent,  carbon,  108 
hydrogen,  and  8*0  oxygen,  and  is  a  mixture  of  an  oil  and  a  camphor.  It  dissolves  in 
alcohol  and  forms  a  soapy  mass  with  alkalis. 

The  oil  when  left  to  stund  deposits  a  camphor  or  stearoptene  called  myristiein, 
which  dissolves  eafiily  in  boiling  water  tind  cryetidliscs  therefrom  on  cooling  in  trans- 
pirent  colourless,  lung,  very  thin  priaras  with  dihedraUummits,  or  by  rapid  cryHtallis- 
ation  in  stellate  graupa  of  needles.  It  dissolves  also  in  cold  nitric  acid  and  in  aqueous 
potash,  easily  in  alcohol  and  ether,  and  in  warm  oils,  both  fixed  and  volatile.  Contuns 
€2'1  per  cent*  curbon,  10*6  hydrogen,  and  27'3  oxjgon  (Mulder),  a£;roeLag  nearly  with 
the  formula  C"*H"0*.  It  melts  above  100°,  acd  sublimes  completely  at  a  higher 
t43mperaturo  in  white  very  slender  needles.  It  absorbs  11-8  per  cent.  h>"drochloric  acid 
gus,  melting  to  a  trun^parent  mass,  the  aqueous  solution  of  which  is  precipitated  by 
nitrate  of  silver.     (Gm.  xvi.  39L) 

The  volatile  oil  obtained  from  mace  or  the  arillus  of  nutmeg,  and  the  fixed  oil  or 
butter  called  myristin,  expreKsedfrom  the  seeds,  have  been  already  dpscribcd(iii.  740 
and  1073). 

JiUTMZTXOW,  AJOmUU**     The  word  "  nutrition "   as  applied  to  animals  is 
employed  by  physiologists  in  two  somewhat  dififerent  senses.     They  often  use  it  in 
Vol,  IV.  L 
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ep<«king  of  tb«  morphological  Uvb  according  to  which  tho  pirto  of  so  Animal  dreresae 
or  incnraoe  reUtirttlj  to  the  whole  moM  of  the  animal  and  tliereby  bring  about  diaagi* 
in  Ibrm.  It  is  more  commonly  used  (and  only  »o  here)  to  denote,  irreifpectire  of  fono. 
the  turn  total  of  the  procenes  through  which  Qie  animal  body  ia  built  up  and  auatanwd, 
both  as  to  its  material  and  as  lo  its  furces.  by  that  fraction  of  the  ejiifmal  world  which 
it  takat  into  itself  from  time  to  time  under  the  tiume  of  "  food."  Every  animal  cun- 
tinnally  sets  free  from  itself  during  its  lifptime  a  eertaio  amonnt  of  matprial  and  a 
certain  amount  of  force ;  and  the  la wm  of  nutrition  mean  the  laws  according  to  which 
that  lofls  is  continually  replenished  from  thn  ftrat  moment  of  the  animal's  exiatence  t« 
its  final  diMolution.  The  neoeasity  of  such  a  continual  waste  and  reoeiral,  though  a 
pcobUm  of  great  obscurity,  so  long  as  the  older  theoriea  of  vital  action  were  b^lierni, 
ui,  beeomes  clear  when  the  facta  are  studied  in  the  light  of  the  theory  of  the  eous«a-ri* 
tion  of  fbrcRS.  While  the  waste  of  material  in  any  vital  action  was  anpposed  lo  b#' 
caused  hy  the  vital  act — while,  for  instance,  the  waste  of  muscnlar  substance  in  moseo- 
lar  contraction,  was  supposed  to  be  caused  by  the  play  in  the  muscular  fibre  of  sonit 
immaterial  thing  called  rital  force — it  was  difficult  to  connect  stringcDtlv  together  ths 
work  and  waste  as  catue  and  effect,  and  to  show  why  the  action  of  the  immaterisl 
principle  shoold  necessitate  the  destruction  of  the  material  subatanee.  The  difficulty 
DoweTer  TaniabM  aa  0000  as  we  lay  aside  tho  idea  of  any  particular  rital  force  or  forces 
and  regard  the  force  exerted  by  sn  animal  upon  the  world  outride  it,  aa  haring  been 
previously  stored  up  within  the  tissues  of  the  body  as  latent  energy,  and  as  br-ing  set 
free  in  Tarious  forms  of  actual  energy  by  their  decomposition.  From  this  point  of  riew, 
the  force  becomes  the  result,  not  the  cause,  of  the  waste :  and  a  renewal  of  the  body  ii 
Decesaaiy,  not  in  order  thst  the  vital  force  msT  have  new  material  tlirough  which  to 
play,  but  because  fresh  Intent  energy  embodied  in  new  material  is  from  time  to  tins 
wanted  for  the  production  of  actual  force.  An  animal  may  thus  be  considered  as  coo- 
sisting,  at  any  epoch,  of  a  certain  amount  of  force  associated  as  latent  enej^gy  with  a 
cf^rtain  amount  of  material.  I>uring  life  the  force  is  being  separated  from  the  material 
and  srt  free,  miinifested,  expended  in  the  Tarious  forms  of  rital  furce,  and  the  material 
thus  depriTed  of  its  force,  is  being  cast  out  as  useless.  This  oecessitates  that  there 
should  be  continually  passing  into  the  body  a  certain  amount  of  force  and  a  certain 
amount  of  material,  so  associated  together  that  they  are  capable  either  of  being 
divnrced  at  once  within  tho  economy,  and  the  actual  energy  liberated,  as  one  or  more 
of  the  so-called  vital  forces,  or  of  becoming  part  and  parcel  of  the  stock  of  force  and 
material  represent'>d  by  the  bodj,  ready  when  occasion  demands  to  be  similarly 
disposed  of  Thus  thpre  are  three  things  to  be  considered ;  the  totnl  income  or 
niaterial  pius  force ;  the  force  expended  or  work  done,  that  is  to  say  the  sum  of  the 
rital  actions  of  the  economy;  and  the  waste  or  material  minux  the  expended  force. 
The  condition  of  the  or^nism  at  any  given  time  will  depend  on  the  relation  which 
these  factors  then  bear  to  each  other.  Thus  in  early  life,  the  income  exceeds  the  ex- 
penditure of  force  and  therf'fore  also  the  waste  of  material ;  consequently  the  organism 
guins  both  in  force  and  material  After  a  certain  age,  however,  the  income  within  a 
gtvrn  peririd  ia,  neglecting  teiuporaty  variatioDS,  sufficient,  but  only  sufficient,  lo  corer 
the  expenditure :  consequknUj  the  body  neither  gains  nor  loses  either  in  force  or  luft- 
terial,  but  remains  in  iv  condition  of  equilibrium.  The  season  then  follows  in  which 
the  real  income  ia  less  than  iho  expenditure,  and  the  body  becomes  a  loser.  Wo  might 
theoreticallv  ima^ne  this  loss  to  continue  uDtU  the  oi^nism  had  dwindled  down  to 
its  primeval  nothingness ;  but  in  reahty,  a  more  or  less  violent  disruption  of  the  vitaj 
machinor}',  callpd  death,  takes  place  before  any  gr^at  diminution  can  occur.  The  dead 
body  then  represents  a  ctrrtain  amount  offeree  and  materiiil  ready  to  be  disjoined  and 
dissipated  in  ways  that  are  not  vital  through  the  so-called  putrefactive  decomposition. 
These  relations  of  the  factors  to  each  other  during  the  sereral  phases  of  a  lifetime  are 
imitated  in  the  temporary  variations  that  occur  from  day  to  day  or  year  to  jear. 

In  conaidering  the  income  or  ingata^  we  find  that,  although  an  animal  receives  small 
quantities  of  actual  energy  in  the  shape  of  heat,  electricity,  motion,  &c.,  these  are  so 
insignificant  that  they  may  be  dinregnrded  whf-n  compared  with  the  other  soureea  of 
force.  Every  animal  takes  into  itaelf  (ram  time  to  time  a  certain  amnunt  of  a  certain 
number  of  substances,  including  a  certain  quantity  of  oxygfa  These  substances  re- 
present, in  the  prospect  of  their  chemical  union,  a  certain  amount  of  latent  energy 
{Hpttnnkraft) ;  it  is  their  latent  enei^  which  forms  almost  entirely  the  suurce  of  the 
actual  eof'rgy  of  the  organism.  Since  the  particular  chemical  union  through  whic^ 
ihf  latent  energy  of  these  substances  becomes  liberated  as  actual  energ)',  is  chiefly  one 
of  oxidation,  we  are  enablpd  to  state  that  the  income  of  force  for  animuls  is  Iho  for-^e 
dcrivevl  from  the  oxiduliuu  by  the  oxygen  of  respiruiion  of  the  oxidisable  budiea  taken 
as  food. 

The  force  expended,  or  ffffcUix^  of  the  animal  aasomea  various  forms.  A  certain 
portion  becomes,  and  issnea  as,  heat.     Another  quantity   is  represented  by  muscular 
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eontraction,  part  of  which  is  concrrned  in  rtweral  moTftnetttfti  wbile  Uir  ront  ivnalta 
in  looomofton  and  oth(>r  mechanicAl  effVeU.  A  tlitrd  quantity  is  calle<l  nerroius 
or  curebml,  or  Bometimps  in«ntal  force.  A  fourth  is  c»ccupied  wifh  growth  and  Ui« 
pn»8*rvrttion  of  form.  The  remainder  has  to  do  with  the  chemicul  trunsfomia- 
tionm  and  elaborations  which  are  neoeHsary  Ix'forp  Ihr  brute  food  is  in  a  proper  «tiit» 
to  be  consumed  in  rital  action.  A  port  of  the  total  income  is  expended  in  raising  the 
wat  of  the  ingfwtod  material,  witli  it*  latent  energj-,  to  a  higher  lerel  of  conccntnition 
mod  adaptability  for  couveraion.  in  changing,  aa  it  is  said,  thn  dead  meat  and  Testable 
nubstance  into  bring  fleah  and  blood  through  th«  proc€«ses  of  digpstion,  awimilation, 
&c.  This  may  Iw  eaUed,  par  cip«>U**nce,  nntritive  work ;  it  eorrespfjnds  also  to  tha 
force  Buppowd  by  some  writtrs  to  1*  required  by  liriog  material  in  order  to  resist 
ordinary  chemical  and  physical  changfs. 

The  wtuU  or  effeMa  may  be  briefly  deacribed  as  consisting  of  carbonic  acid,  water 
and  certain  cr3rstailine  mtrogrnona  bodies, •of  which  nr*^  is  the  physiological  type, 
together  with  a  few  other  matters  always  associated  with  the  latter.  All  these  ara 
the  reealts  of  the  oxidation  of  the  oxidisable  income. 

It  is  eridant  that  the  task  of  taking  the  force  and  material  of  the  income  and  of  ex- 
l^aining  the*  numeroua  conversiona  they  suffer  antil  they  &nally  ianie  aa  efffctus  and 
Kesta,  is  nothing  plat;  than  the  whole  task  of  physioloigr.  The  stady  of  nutrition  ranst 
of  necesfitv  Iw  confined  within  nturower  limits,  perhaps  in  some  such  way  as  follows. 
The  animal  body  conaista  of  certain  kinds  of  matfriul  with  force  so  aasociated  with 
thpm,  that  the  decomposition,  the  metamorphosis,  in  other  words  the  oxidation,  of  each 
nmterial  sets  free  on  appropriate  force  and  gives  rise  to  a  corresponding  waste.  Thus 
among  other  things,  the  body  contains  certain  quantities  of  nerroos,  moscnlar  and  adi- 
pose tiaauc,  whose  decnnipotiilion  may  bn  said  to  give  rise  to  muHcuIar,  nen'ous,  and 
calotiflc  action,  the  derelopment  of  each  action  being  accompanied  by  ita  particular 
waste.  The  object  of  the  Ktndy  of  nutrition  in  to  ascertain  qnalitatively  and  quantita- 
tively the  things  which  arc  beat  suited  when  taken  into  the  lM?dy  to  ensure  the  acquire- 
tnent  of  one,  several,  or  all  of  the  various  corporeal  constituents,  and  thence  to  guarantee 
the  exhibition  of  the  furce  or  forces  proper  to  the  animal ;  or,  in  other  words,  to  deter- 
mine the  laws  according  to  which  qualitative  and  quantitative  variations  of  the  income 
affict  the  quality  and  quantify  of  the  capital,  and  thence  thu  quality  and  quantity 
of  the  expenditure.  The  practical  problems,  for  whoso  solutions  a  knowledge  of  such 
lawBisdeaimble,  will  vary  of  coarse  withthecircumslancesof  the  animal.  Forinstanco 
in  uninials  dooraM  to  the  elaughter- house,  the  qucwtionahaveto  deal  more  particularly 
witJi  the  amount  and  nature  of  the  material  developed  in  the  body,  that  is  to  say  with 
the  amount  and  chamcterof  the  capital.  In  man  and  beasts  of  burden,  attention  has  to 
Ik*  drawn  to  the  amount  and  nature  of  the  force  expended,  muscular,  nervotis,  &c.  In 
coming  to  any  conclusion  on  these  matters,  a  certain  amount  of  crude  experience  is 
necessary  before  a  rigorously  scientitic  method  can  be  applied. 

Ok  THB  NATUBl  OF  FooD, 
that  ifl  to  6ay,  the  nature  of  the  income.  Though  oxygen  is  an  es.Mential  part  of  the 
inoome,  it  stands  so  much  apart  by  itaelf,  that  it  is  generally  considf  red  separatBly  from 
the  rest  of  the  income  or  food  proper.  Experience  teaches  us  that  the  food  of  animals, 
so  understoud,  consists  of  a  certain  rumberof  animal,  vegetnble,  nnd  inorganic  substances 
known  under  the  name  of  "  articles  of  food."  Such  are  moat,  bn-ad,  milk,  potatoes, 
grasa,  water.  Some  animals  (AerAtturn)  feed  on  vegetable  and  inorganic  substances 
only,  viz.  plants  and  wnter.  Others  (camivora)  feed  only  on  animals  (prerionsly 
reared  on  vegetables)  and  water.  Others  again,  snch  as  man,  are  omnivorous,  feeding 
on  both  animals  and  pl^nt«.  A  chemical  examin.ition  of  all  known  "  articles  of  food  " 
shows  that  each  of  thf^m  contains  one  member  or  several  members  of  a  cla^s  of  chemical 
compounds,  which,  from  their  universal  occurrence  in  the  exceedingly  numerous  and 
otherwise  mont  diversely  constituted  *'  arlicles  of  fotid,"  and  from  the  constant  ratio 
their  presence  bears  to  the  roughly  determined  nutritive  value  of  these  articles,  have 
received  the  name  of  "alimentary  principles."  They  have  these  characteristics.  They 
are  all  capable  of  being  digested,  i.e.  of  passing  from  the  alimentary  canal  into  the 
system ;  when  any  one  uf  them  in  bwhUowikI.  a  frsction  only  of  it  reappears  in  the 
^DCes.  They  are  all  cu pubic  of  being  oxidised,  and  are  found  by  observation  to  !« 
more  or  leas  completely  oxidised  when  introduced  into  the  system  as  food ;  when 
swallowed,  the  part  which  does  not  reappear  in  the  fieces.  and  whifh  therefore  has  been 
—digested  and  abHorbed,  cannot  be  detected  passing  outwards  ngnin  unaltered,  either 
Ptbruugh  kidneys,  lungs  or  skin.  They  are  nearly  all  complex  cumpouuda  of  carbon, 
hydn^n,  oxygen  and  nitrogen. 

Besides  these  oxidi^able  *'  alimentary  principles  "  there  is  nt.io  anuther  class  of  sob- 
stances,  represented  by  some  of  its  members  in  every  article  of  food,  substances  which, 
though  digestible  and  evidently  in  the  habit  of  passing  into  the  systcni,  are  eithei 
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incapable  of  oocidaticm  or  maj  beprored  not  to  be  oxidised  in  their  transit  tlirongblh* 
econuni^.  In  the  opinion  of  somr.  these  bodies  nhould  nfit  b«  claMied  under  the  bead 
of  food.  But  there  are  cogent  rMisonn  why  th*y  slumld  he  do  treatwl.  Exjii-riMica 
ehows  that  they  are  qotte  aa  eaaential  constitncnta  of  a  health^'  diet  as  their  oxtduaUt 
companions.  And  the  neoenitj  for  their  ow  is  obriotu.  IT  it  in  true  tb»t  the  amuont 
of  force  posaesHed  and  given  oat  by  liricg  bflngti.  is  due  to  thn  chrmical  pro- 
eewM  taking  place  within  the  body,  or  speaking  genemlly,  to  the  oxidation  of  the  cnd- 
diaable  food ;  then,  out  of  the  whole  Dumber  of  subfetancos  consumed  aa  food,  only 
the  oxidisable  *'  alimentary  principles"  can  be  lookMl  to  aa  sources  of  force.  But  life 
SB  not  mere  naked  force ;  it  is  not  simple  combustion  or  oxidation.  1 1  is  oxidatiim 
under  particular  circnmst-ancea;  it  is  force  manifeatod  in  particular  modes.  The  ibne 
generated  by  the  oxidation  of  the  alimentary  printnplt^s  is  r«*t^iUted  and  directed  into 
particular  channels  in  and  by  the  body.  The  body  itAclf,  besides  being  a  masA  of  latent 
force,  is  a  machine  for  the  couTcrsion  of  force,  and  that  part  of  the  body  which  so  aema 
aa  mere  machinery  will  nxjuire  for  i^s  construct  ion,  mut«rial  that  not  only  need  not  ba 
oxidisable  and  force-giving,  but  will  be  all  the  more  useful  for  ita  special  pnrpof>f«  in 
so  far  as  it  cannot  be  oxidised.  While  that  mschin<>ry  is  being  built  up,  during  the 
growth  of  theanimsl,  its  material  must  besought  for  in  food,  and  during  the  whole  of  the 
fife-time  there  will  be  continusi  waste  and  renewal  of  the  mnchinery,  not  neoeaoarily 
for  the  purpose  of  giving  forth  force,  but  because  the  peculiar  circumstances  of  tM 
machinery  unaroidably  cause  part  of  it  to  be  continually  carried  off  in  the  general 
whAte-curreDt  of  the  economy.  The  animal  body  is  not  a  stcHm-engine  which  seeks 
only  force  in  its  fuel  and  is  repaired  from  without ;  it  is  a  peculiar  machine  which  has 
lo  find  in  its  food  not  only  its  supply  of  fore*  but  also  material  for  its  conatant  rpjmir. 
We  may  therefore  divide  food  into  the  oxi<iitiablc  alimentary  principlee,  the  force* 
generators,  the  biogenic  elements,  and  into  The  other  substances  which  snre 
only  as  material  for  repair  of  pure  machinery,  and  which  therefore  may  be  called  f  orce- 
regulatora  or  biotaxic  elements.  It  must  howererbe  remembered  ttist  the  furoe- 
gHuerators  may  be  or  rather  decidedly  are  force -regulatora^  though  the  converse  of  cour?* 
docs  not  hold  good.  It  is  naturally  a  matter  of  very  great  difficulty  to  determine 
whether  any  given  body,  confessedly  not  an  alimentary  principle,  is  to  be  refj^arded  as 
a  force-regulator,  or  as  being  in  that  sense  necessary  to  the  well-being  of  the  c^on^my. 

All  such  subouinces,  genemlly  found  in  a  healthy  body  and  therefore  in  ordinary 
fi>od  and  in  the  ordinary  egcsta,  may  be  so  considered.  But  it  would  be  hazjirdoua  to 
limit  the  list  to  these,  since  it  is  quitn  possible  thut  science  may  yet  discorc-r  that  the 
ordinary  cunsumplion  of  bodies  not  as  yet  rei'ummeuded  by  experience  would  increaae 
ananimal'flWf^ll-being  by  introducing  "new  reguUtive  clementa"  whereby  the  conrer- 
sions  of  force  within  the  economy  might  be  more  advantagHoasly  carried  on.  Should 
any  such  be  discovered,  they  would  hnv^  the  right  to  be  claimed  as  proper  elemeota  of 
fix)d.  Hence  the  difficulty  of  giving  a  satiafsctory  definition  of  "  food  "  wide  enough  to 
embmceall  its  part*.  "  Whataver  is  eommonly  insorbed  in  a  state  of  health  '*  is  per*, 
haps  the  best  or  rather  the  truest.  Acconling  to  this  quinine  (which  though  oxidised 
in  the  system  to  a  certain  extent,  must  be  regnrded  for  ita  yirtues  as  a  pure  regulator) 
in  the  midst  of  malaria  is  as  much  an  element  of  food  aa  starch  or  salt.  Jkledicines  in 
general  may  be  regarded  as  occasional  resulatom. 

The  alimentary  principles  may  be  roughly  enumerated  as  follows: 

1.  Nitroggnouji  Calltiidt.- — These  are  chiefly  the  whole  series  of  protein-compounds  or 
albaminoTdfl,  both  from  the  animal  and  vegetable  kingdoms.  Also  gelatin,  which  though 
of  little  value  apparently  for  certain  purposes,  feirly  comes  under  the  heiid  of  "ali- 
mentary principles."  lo  these  may  be  added  certain  pceuliar  nitrogenous  compound^ 
not  protein,  such  as  those  occurring  in  boft-root  molussps  or  mangold  pulp  ^Ilenne- 
berg  and  Sluhmaaa)  whose  nature  and  properties  have  not  yet  been  well  studied. 

2.  Ht/drocarhoru,  FaU. — Kearly  all  animal  fats  m^ny  be  regarded  as  alimentHrv 
principles.  So  also  roost  of  the  vegetsblo  fatty  bodies,  with  deductions  for  varying 
digestibility  and  purity.  Information  as  to  the  digestibility  of  vegntable  bodies  more 
or  letis  ailied  to  futs  and  oils  is  wanting.  According  to  G  r  u  u  v  n  n.  the  waxy  and  resinous 
portioDB  of  vegetable  food  are  largely  digested  by  oxen  nod  oxidin^d  in  their  syeteou 

3.  Carbo-hi/dratfs. — Starch,  Sugars,  Dextrin,  Gum,  Woody-flbre,  Pectin.  The 
first  two  are  largely  nreaent  in  most  vepetable  articles  of  food,  and  hold  a  high  rank 
as  alimentary  principles.  Inulin,  according  to  Rollcston  (Brit.  Assoc  Reports,  1862), 
resists  human  salivary  diastase,  and  is  possibly  therefore  aut  digetitcd.  Gum  is  not 
digested  by  man,  but  is  destroyed  in  considerable  quantities  by  oxen  (Orouven). 
The  group  of  substances  known  under  the  name  of  pectin,  classed  for  convenience  with 
carbobydrateo,  seems  to  be  rt'adity  digested  and  oxidised  by  oxen.  Wowly-fibi*  (that 
is  the  cellulose  of  wxmdy-fibre,  not  its  lignin  or  cutin)  is  digested  by  mminants  to  tha 
•stent  of  from  30 — 60  per  cent     (Lawes  and  Gilberti  Heaneberg,  Grouven.) 
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Besides  these  aliiueQtanr  priociples  there  are  also  present  in  a  healthy  diet^  the 
bodies  which  hare  been  calied  regalators,  Tis. : 

Water,  and  the  following  elemente  in  varions  combinations,  phoephoros,  sulphur 
(in  addition  to  the  quantities  contained  in  the  protein  substances),  chlorine,  fluorine^ 
•odium,  potassium,  calcium,  magneeinm,  iron,  siliooa 

There  are  also  consumed  in  food,  either  imiversallj,  or  generally,  or  occasionally, 
certain  bodies  most  of  them  capable  of  oxidation,  but  concerning  which  there  is  much 
dispute,  either  as  to  whether  they  really  are  oxidised  in  the  system,  or  as  to  whether, 
if  oxidised,  their  value  as  ingredients  of  food  is  to  be  measured  by  the  force  given  out 
by  their  oxidation,  or  by  their  action  as  regulators.  Such  are  vegetable  acids,  theine, 
alcohol,  && 

The  food  of  man  also  contains  certain  substances  known  under  the  name  of  condi- 
ments. Since  these  bodies  perform  their  functions  outside  the  real  body  though 
within  the  alimentary  canal,  they  have  no  better  reason  to  be  considered  as  food  than 
has  hunger,  optimum  condimentum. 

DiBTBTICa. 

Crude  experience  teaches  how  to  form  such  a  mixture  of  these  elements  of  food 
•B  shall  ensure  the  well-being  of  the  animal,  in  other  words  how  to  construct  a  healthy 
diet.  It  is  found  that  when  any  one  alimentary  principle  is  alone  taken  as  food,  the 
animal  perishes  by  starvation.  Neither  protein,  nor  fat,  nor  starch,  nor  sugar  can  alone 
support  life.  It  is  also  found  that  animabi  cannot  be  maintained  in  health  unless 
some  members  of  the  group  of  elements  called  regulators  are  present  in  their  food. 
Hence  the  rule  may  be  laid  down  that  every  good  diet  must  consist  of  two  or  more 
alimentary  principles  combined  with  a  selection  of  regulators.  Every  known  article  of 
food  fulfils  these  conditions  more  or  less  perfectly.  In  order  to  obtain  from  experience 
more  exact  knowledge  of  the  absolute  and  relative  amounts  of  the  constituents  of  a 
healthy  diet,  recourse  must  be  had  to  statistical  analysis.  Thus,  taking  man  as  an  ex- 
ample, if  a  laj^e  number  of  diets  actually  in  use  among  persons  of  average  circum- 
stances be  collected,  and  the  various  articles  of  food  contained  in  each  be  analysed 
a<»;ording  to  their  alimentary  principles  and  constituents,  a  mean  may  be  drawn  which 
would  give  a  qualitative  and  quantitative  selection  of  the  chief  fiuitors  for  a  normal  diet. 
Thus  Moleschott  (Pbys.  d.  KahrungsmitteL  s.  216)  gives  as  a  normal  daily  diet^ 
protein-substance,  130  grms. ;  fat,  84  grms. ;  starch,  404  grms. ;  salt,  30  grms. ;  water^ 
2,800  grms.  Since  no  one  article  of  food  contains  its  alimentary  constituents  in  that 
proportion,  it  is  evident  that  two  or  more  articles  of  food  are  necessary  for  a  good  diet. 
Another  method  of  formulating  the  results  of  large  experience,  is  to  express  them, 
not  in  terms  of  the  alimentary  principles  themselves,  but  in  tejrmsof  the  total  quantity  of 
nitrogen  and  carbon  contained  In  those  principles.  Thus  a  certain  amount  of  nitrogen 
represents  a  certain  amount  of  protein,  and  a  certain  amount  of  carbon  also  represents 
the  same  amount  of  protein,  plus  a  certain  quantity  of  either  UX,  starch,  or  sugar,  &c, 
or  of  all  of  them.  In  this  way  Dr.  Edward  Smith  (Sixth  Beport  Med.  OE  Privy 
Council)  calculates  that  the  agricultural  poor  of  Great  Britain  consume  on  an  average 
420  grms.  carbon,  and  20  grms.  nitrt^en  daily,  while  silk-weavers,  needlewomen,  &c, 
only  get  267  grms.  carbon,  and  II  grms.  nitrogen.  Since  the  latter  only  just  manage 
to  keep  starvation  from  their  doors  (265  grms.  carbon,  and  12  grms.  nitrogen  daily 
being  the  "  starvation  diet "  suggested  by  Dr.  Smith  in  reference  to  the  I^ncashire 
operatives),  thb  diet  of  the  former,  productive  as  it  appears  to  be  of  general  health, 
may  fairly  be  taken  as  a  normal  diet  Variations,  however,  &om  such  a  standard, 
often  extreme  in  character  and  yet  compatible  with  well-being,  are  occasionally 
witnessed.  Thus  Carpenter  (Human  Phys.  p.  46)  remarks  on  the  voracity  of  the 
Esquimaux,  and  quotes  an  instance  of  one  devouring  36  lbs.  of  aliment  mostly  fatty. 
Such  a  meal  was  probably  rather  swallowed  than  digested;  but  the  case  of  tha 
voyageun  of  Canada^  who  are  dissatisfied  with  rations  short  of  20  lbs.  of  meat  per  diem^ 
would  give  a  consumption  of  280  grms.  nitrogen.  In  the  direction  of  a  minmum  the 
same  author  mentions  an  instance  of  a  miUer,  who  lived  in  vigour  for  18  years  on 
16  oz.  of  flour  per  diem,  which  would  give  110  grms.  carbon,  and  6*8  grms.  nitrogen. 
Since  this  miller  drank  no  alcohol,  his  case  somewhat  lessens  the  value  of  an  argu- 
ment founded  on  the  histories  of  individuals  said  to  have  lived  for  years  on  spirits 
plus  a  small  quantity  of  actual  food. 

Another  method  of  determining  a  normal  diet  consists  in  estimating  the  aven^ 
quantity  of  nitrogen  and  carbon  in  the  urea  and  carbonic  add  of  the  egesta.  The 
amount  thus  determined  is  first  translated  into  alimentaiy  principles,  and  thence  into 
articles  of  food.  The  lessons  of  experience  thus  roughly  analysed,  though  of  oittrsa 
very  valuable,  cannot  be  regarded  as  anything  more  than  approximations  to  troth,  or 
as  bases  for  farther  inquiry.  Por  instance  they  take  no  account  of  an  exeeedimtly 
variable  factor  in  the  matter,  namely  digestibility.    Thus  the  diet  gained  by  oaleulat- 
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tug  btu*k  from  th0  og^ata  ran  onljr  bo  ii  frtio  one  when  tho  wlioU'of  the  ingesta  ftre  d 
whirh  is  probablj  never  the  «ia«.  So  Again  in  the  mpthofl  ad>iptM  by  Dr.  E.  Smith, 
it  U  tuken  for  granted  that  the  aiticlrs  of  food  containing  the  ixxe  nitrogen  and  carbon 
are  either  wholly  digested  or  digcwted  nt  the  same  nies  nnder  all  circumfltaocfv.  Bat 
wo  know  that  the  digtnttibility  of  thp  different  olimpiitary  principles  variM  according  to 
the  nature  of  the  artieU  of  food  in  which  they  are  prepented.  And  not  ocJij  has  «aeh 
article  of  food  an  absolute  coefficient  of  digestibility,  but  there  is  every  rottvon  to 
believe  tliat  in  a  mixttire  of  different  kindii  of  food  sneh  aa  forms  an  ordinarj  meal*  the 
amount  digested  of  each  conMitnent  will  vary  aceorditig  to  the  proportions  and 
ehancter  of  the  mixture.  Thus  the  preaeooe  of  fnt  is  thought  to  assist  the  digevtioD 
of  starch,  and  the  amount  of  cellulone  digested  by  oxen  Tttries  nccordin^  to  the  amount 
of  Other  Bubetances  presoot  in  the  ntioni  (Henneberg.  Orouven).  Other  dr- 
cnnutancea  too.  such  as  labour,  rc«t,  &c.,  niAterially  affect:  digestion  (EL  Smith). 
Hence  the  importance  of  estimating,  not  the  amount  of  food  taken  in  by  the  montk 
only,  but  that  which  is  really  absorbed  into  the  system  and  which  atone  poosessai  Xht 
virtues  sought  for.  Eren  when  the  actual  amount  of  carbon  and  nitrogen  neeessaiy  for  oaa 
nnder  avenige  circunuitancrs  haa  brcn  thus  dotennined,  sererul  questions  have  to  be 
answered  bi'fore  a  diet  of  any  practical  use  can  be  fixed  upon.     Can  gelatin  rapplanl 

Erotein  either  wholly  or  in  part?  The  labours  of  the  weU-known  commiwioiu  show 
ow  difficult  or  rather  impossible  it  is  to  decide  this  from  mere  experience.  Are  fat 
and  starch  mutually  convertible  ?  May  a  diet  conf«if<t  of  all  fnt  or  oil  starch  in  addi- 
tion to  the  protein?  Is  the  action  of  sugar  the  Hame  as  that  of  stAreh?  What 
changes  should  be  made  for  labour?  What  for  fattening?  It  is  evident  that  to 
determine  questions  like  these  from  mere  exprricnce,  with  nothing  but  the  vagfua  con- 
dition of  well-being  as  a  tMt  of  sacceos,  is  welt-nigh  impossible.  For  further  know* 
ledgL'  it  becomes  uecessaiyto  leave  on  one  side  the  concrete  results  of  experience  either 
with  regard  to  man  or  animals,  and  to  turn  to  the  search  of  the  abstract  laws  govern- 
ing *iie  converaion  (in  the  animal  body)  of  ingesta  into  efiectoa  and  egesta. 

Gbkibal  Laws  or  Nutbitioit. 

Or,  the  lawB  according  to  which  material  consumed  as  food  affects  the  compoeitioD, 
and  forces  of  the  animal  organism. 

The  older  views  on  this  matter  were  extremely  ttimple.  Dumas  {Ensai  df  StaiiqM4 
Chimume  dts  Ktrra  organisfs)  taught  that  all  the  alimentary  principles  might  be 
divided  into,  1.  AsfimuabU  products,  viz.  protein  aubstancea  and  fatty  bodies  which 
served  by  direct  assimilation,  to  increase  or  renew  the  orgnns  of  the  body  prerionsly 
wasted  during  the  exercise  of  vital  forces ;  and  2.  ComtmaUUe  products,  viz.  sugar  and 
fatty  bodies,  consumed  in  respiration  for  the  purpose  of  supplying  unimal  heat.  Liebig 
and  his  school  proved  that  fat  was  actually  created  in  the  animal  economy  pn>lMbly 
out  of  the  carbo-hydrates  (Dnmas  having  at  first  said,  "  L'animol  s'aasimile  done  on 
dAtmit  des  mati^res  organiques  toutes  &ite«;  il  n'en  cr^e  done  pan,"  but  afterwards 
supporting  Licbig's  view);  and  hence,  while  adopting  a  simikr  division  of  food  into 
*' plastic"  and  " retipiratory  "  elements,  added  aa  a  corollary  that  an  excess  of  inffe«ted 
reppirutory  material  not  wanted  for  immediate  use,  might  bo  stored  up  in  the  bouy.  not 
aa  fully  formed  tissue,  but  t\s  meohanieiilly  infiltnited  fat.  Since  then,  however,  ths 
matter  ha.4  been  the  Hubjnct  of  much  exact  inquiir :  and  the  rpsults  obtained  will  be 
best  studied  by  considering  tho  ftatica,  thut  is,  all  that  relatee  to  compoeition,  apart 
teem  ths  dynamice  which  have  to  do  with  force. 

A.  Static t. 

The  following  is  tho  general  form  of  the  problems  to  be  dealt  with.  Givpn  the  effect 
of  a  known  rati'nn  of  food  on  the  total  weight  of  an  animal,  to  dotennine,  from  an  ele- 
mentary compnrieon  between  the  ingesta  and  rgeato,  how  that  effect  may  be  described 
in  terms  of  the  constituents  of  tho  btrtly.  For  tbi.»t  purpose,  an  HiialvsiH,  pnrjXLmate  aiod 
elementary,  of  the  food  consumed  within  a  given  time  is  made ;  the  unne  and  fsces 
arc  collected  and  analysed,  their  elcmentarj-  compoaition  being  directly  dctermtned  if 
perfect  exactitude  is  required ;  the  excretion  by  lunes  and  skin  in  also  estimated  by 
meaus  of  a  •'respiration-chamber,'*  and  the  amount  of  oxygen  fixed  by  respiration 
cjilculated  by  stibtnicting  the  initial  weight  of  the  aninud  pins  its  food  ^m  tue  final 
weight  plus  all  the  eg^^tita.  With  whot  great  certainty  such  a  comparison  may  be 
made  is  seen  froin  the  following  table  of  the  observations  made  by  Pettenkofer  and 
Veil  on  a  dog,  who  with  a  daily  ration  of  l,&rO  gmu.  of  meat  was  neither  materially 
gaining  nor  losing  flesh. 
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187-8 
162-46 
61-00 

1089-26 
19-6 


Ingetta  «  1600  gmu.  HeaL 
gmu.*  Carbon. 

■a^A,^^^  i  26-96  in  diy-fubaUnoe. 
„        Hydrogen  jjgg.^    in  water. 

j     77*26  in  dry-iubstanoa. 


Utaa        .... 

Other  urinary  oonstitoents 
Water  of  urine 
Dry  Faeoee 

WiiterofFflecAS 
Carbonic  Acid  of  Pergpimtiou* 
Hanh  Gas  of  PerspiriitioD 
5Vee  Hydrogen  of  Perspiration 
Water  of  Pers^aration 

ToUU  Bgt»ia 
Jbtal  Ingesta 

Somof  Ingesta 
.,    ..EgesU 


Oxygen 

Salts 

Oxygen  txioA  -  i77'2. 

Egestain  grma. 

Cjubon.    Hjrdrofen. 

21-a        7-2 

9-6  2-6 

.    .       102-6 

07 

8*2 


4-9 


( 1012*     in  water. 


Nitrofco. 
6H 

0-7 


146-7 
1*2 


184-0 
187-8 


0*4 

1-4 

894 

167-8 

162-6 

1977*21 
2011-8  J 


611 

61- 


28-8 
16-9 

820-3 

15 

26-3 

391-6 


816-4 

1699-7 
1666-4 


Mti. 


16-3 

8-4 


19-7 
195 


Diflbrence  »  84-0. 


And  even  this  alight  differenee  the  obMrrors  state  mif^t  be  still  fbrthar  rednoed  by 
hypothetical  conections,  for  fiecea,  of  the  animal's  total  weight.  In  all  experiments  ot 
this  kind,  the  determination  of  the  real  weight  of  the  aninul,  though  apparently  eas^, 
is  in  reality  a  very  difficult  task,  inasmuch  as  the  total  body-weight  forming  the  basis 
of  the  calculations  ought  to  be  that  of  the  body  free  from  fteces,  and  in  most  oases  the 
animal  has  within  him  at  the  time  of  the  initial  weighing  some  of  the  fteces  of  his 
previous  diet,  and  at  the  final  weighing  more  or  less  of  the  frecee  formed  out  of  his 
ncperimental  rations.  In  the  observation  above  detailed  the  carbonic  acid,  watm*  of 
perspiration^  &c,  &e.t  were  directly  determined  by  means  of  a  complicated  apparatus. 
Other  inquirers  have  been  content  to  determine  the  carbonic  add  only,  and  that  from 
time  to  time  durins  the  experiment  ^Bidder  and  SchmidtX  leaving  the  water  of 
perspiration  for  cueolation,  and  neglecting  the  other  gaseous  excreta  altogether. 
Bischof  and  Voit  did  not  even  determine  the  carbonic  acid,  but  based  their  calcula- 
tions on  the  average  thrown  off  by  dogs  according  to  Begnault  and  Reiset 

The  determination  of  the  nitrc^en  of  the  egeeta  has  been  the  occasion  of  much  dispute. 
In  the  above  observation,  P  e  1 1  e  tt  k  0  fe  r  and  V  o  i  t  merely  determined  by  Liebig's  mrthod 
the  urea  of  the  mine,  and  considered  the  nitrogen  therein  contained  as  the  only  nitrogen 
excreted.  Against  this  mode  of  procedure,  it  has  been  urged,  in  the  first  ^ace,  that 
the  urine  certainly  does  contain  small  ^nantities  of  other  nitrogenous  bodiesi,  to 
wit,  creatine,  creatininei  &&,  and  may  possibly  contain  them  in  considerable  quantities 
on  particular  occasions.  Voit  maintains  however  that  Liebig's  method  gives  a  result 
which  includes  these  bodies  when  they  are  present,  "  their  nitrogen-eqniva&nt  behaving 
towards  the  mercurial  solution  exactly  like  the  nitrogen-equivalent  of  nreiL"  Other 
observers  have  determined  the  uric  acid  as  well  (Bank e),  or  in  herbivcra  the  hippuric 
acid  (Henneberg;  Grouven).  It  is  also  urged  that  a  certain  quaoti^,  a  smui  one 
doubtless,  of  nitrogen  goes  off  in  the  process  of  desquamation  and  depilation.  This 
has  been  approximatively  accounted  for  by  some  observprs  (Bidder  and  Schmidt^ 
OroQ  ven).  Lastly,  it  is  maintained  that  nitro^n  passes  off  by  skin  and  lungs  in 
some  form  or  another  in  considerable  quantity.  While  Begnault  and  Beiset 
found  evidence  of  only  slight  exhalation  or  absotption  of  nitrc^en  hy  the  lungs^ 
Boussingault  (Mem.  de  Chimie  agricole,  &c.),  in  experimenting  on  turtle-doves  and 
horses,  comd  only  recover  from  urine  and  fieces  about  two-thirds  of  the  total  qoanti^ 
of  nitrogen  taken  in  as  food.  Barral,  experimenting  on  human  beings  came  to  a 
rimilar  conclusion ;  and  other  observers  have  fiuled  to  a  greater  or  less  extent  in  re- 
covering from  urine  and  freces  the  nitrogen  of  the  aliment.  More  recently  Beiset 
(Ann.  Ch.  Phys.  1863)  found  evidence  of  considerable  volatile  excveticm  of  nitrogen 
in  sheep,  calv»,  geese  and  tmkey-fowls,  and  to  a  small  extent  in  pigs.  To  these  &cts 
may  be  added  the  experiments  of  Funke  on  the  presence  in  the  |>erBpiration,  of  urea 
in  considerable  quantities.  On  the  other  hand.  Bidder  and  Schmidt  found  in  cats  tlie 
whole  of  the  nitrogen  reappearing  in  urine  and  fieces,  except  in  cases  where  there  was 

*  Bf  ikln  and  lai^*. 
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retiBon  to  think  it  had  b«en  retained  in  tho  body.  Hftughton  (Dublin  QuatI.  ] 
J.  1869)  b<>licTi-8  Llint  the  same  thing  holdii  good  with  men,  and  that  Barr«l 
irroDg  in  bis  anaijms  of  food.  So  nlso  Kankp,  vho  morpoTpr  fonnd  both  that  a  prrn 
ftuM  iveat  had  no  effoet  on  the  nitrogen  of  urine*,  and  that  there  wan  no  appreetahJa 
amount  of  nitro};en  to  be  discoTtred  in  the  mreat.  Hcnnebf  rg  holda  apparvjitly  that 
in  oxen  no  decided  amount  of  nitrofren  is  loetby  Inngs  or  skin  (except  a«  haijs«  &c), 
and  GroDTen  fnnnd  by  diruc^  estimation,  the  amount  of  ammonia  given  off  by  oxen 
to  be  exceedingly  smaU  (|  gnxL  per  diem) ;  he  ahn  aacenaint^d  that  the  diffemm 
between  the  nitroeni  of  food  and  that  of  urine  and  teces  was  reduced  to  a  rerj  amall 
qoantlty  indeed  when  the  ox  vas  fed  for  9ome  coniiderable  time  on  rations  wfaBn>i7 
heneithergainednorlost  much  in  fleeh.  Lastly,  Voit  (Ann.  Ch.Phann.  SuppL  ii.  1863) 
fed  a  pigeon  in  the  same  manner  u  Boosaingault  for  a  CQUfiidpnible  time  on  fixed 
nttione,  and  found  that  he  could  recover  oat  of  orine  and  fsccf*  nil  the  nitrogen  of  the 
food  with  the  exception  of  2-3  per  cent,  which  moreorFF  conid  be  aceoiinl^Hi  for  by 
considering  an  increase  which  took  place  in  the  animiirii  weight  to  be  an  increaae  in 
nitrogenous  materiaL  Voit  caIculat«Ml  that  if  only  Oil  )^m.  nitrogen  had  beeagiTsn 
out  daily  by  the  skin  and  lungs  in  addition  to  that  contained  in  urine  and  fece«,  time 
wuuld  hare  been  none  left  in  the  animal's  body  at  the  rnd  of  the  experimeut  (  H«n<« 
in  experiments  of  this  kind  the  practice  still  obtains  of  cuniiidering  the  nitrogen  of  the 
wea  (with  that  of  uric  and  hippuric  adds  when  present)  as  representing  the  wiiole 
nitrogen  of  the  egesta. 

Haring  thus  determined  with  more  or  leas  precision  the  urootuit  and  nature  of  the 
egeeto,  me  fteces  mnst  be  pUced  in  a  division  by  thenu^'lTpB,  since  they  lepreaent 
the  pcntion  of  food  which  is  not  digested,  not  abeorbed  within  the  true  body,  whiek 
takes  no  share  in  the  actions  of  the  economy,  and  mnst  therefore  be  deducted  hnm 
the  total  of  food,  the  effect  of  which  is  being  studied.  It  is  quite  trup  that  the  tece* 
contain,  besidi^s  undigested  materiid.  a  certain  amount  of  stuff  which  has  been  potuvd 
into  (he  intestine  after  having  fulfilled  its  functiou  in  the  economy,  and  has  escaped 
retwrptioii  during  its  transit  through  the  alimentary  canaJ ;  but  the  amount  which  ttas 
thuN  under^ne  oxidation  is  bo  amaJl  that  it  is  generally  disregarded. 

The  next  thing  to  be  done  is  to  determine  what  inference  is  to  be  drawn  from  the 
presence  in  the  true  egosta  (from  kidney,  skin  and  lungs)  of  any  given  element  or 
ooropoand.  What,  for  instance,  does  the  presence  of  nilro(;en  (or  urea)  signify  7  The 
nitrogen  arises  doubtless  from  some  metamorphosis  within  (htt  body  (metAmorphosis 
being  used  as  meaning  chemical  change,  a  shifting  of  the  olemonts  fn:>m  one  formola 
into  iiuotlier,  or  othi'rs).  We  may  go  so  far  as  to  sar  that  it  arises  from  the  mptumor- 
phosis  of  some  nitrogenous  matenal,  which  material  may  further  be  dedaxed  to  be  a 
pr*it<*in  substance  (or  gelatin). 

But  there  are  in  the  animal  organism  many  different  pruteinoas  tisanes,  and  at 
U'aM-  more  than  one  gelFttiniferous  subftance  (holding  positions  of  variable  importance 
and  value),  each  of  wnich  might  by  metamorphosis  give  rise  tu  the  nitrogen  of  the  egesta. 
If  we  take  the  very  roughest  analysis  of  the  animal  body,  we  shall  be  obliged  to 
(■ousider,  as  separate  collections  of  nitrogenous  material,  the  muscular  tissue,  the 
uerrous  tissue,  the  connective  tissue  (including  the  bones  X  the  gUnduhir  tissue,  and 
blood,  each  containing  not  only  a  form  and  possibly  several  forms  of  nitrogenous 
material,  but  very  many  other  substances  us  well  And  it  is  evident  that  if  we  assume 
that  the  presence  of  a  given  quantity  of  nitrogen  in  the  urine  indicates  the  metamoT' 
phosis  of  a  certain  quantity  of  any  particular  tissue  (that  metAmorphosis  not  being  con- 
fined to  its  nitrogenous  material  alone,  bat  embracing  also  at  least  all  its  constituents 
that  are  at  all  liable  to  dvoompositioo),  the  total  chaugu  both  as  to  the  composition  and 
the  forces  of  the  body  which  we  are  thereby  enabled  to  prwlicate.  will  vary  considerably 
according  to  the  tiwue  which  we  select,  whether  mu.tcular,  nervous.  &c.,  Ac.  Such  a 
selection  is  naturally  a  problem  of  extreme  difficulty ;  indeed  it  has  hardly  yet  been 
attempted  except  in  reference  to  two  points.  In  the  first  plice  there  is  eveiy  reason 
to  believe  that  the  amount  of  metamorphosis  natumlly  occurring  in  connective  tissne  is 
exceedingly  am:il\  eomptired  with  that  going  on  in  th(>  other  nitrogenous  tissnos.  £aact 
infurmatioD  on  this  score  is  wanting,  but  the  starvadon  expennients  have  shown  that 
the  bonets  for  instance  suffer  scarcely  any  loss  during  a  long  abstinence  from  food. 
Hence  in  the  researches  we  are  dealing  with,  the  gelatiniftipons  tissues  are  disrcfrapded. 
In  the  next  place,  a  distinction  has  been  «et  ap  bi'twcrn  nitrogenous  material  which  has 
merely  been  digCMted  and  absorbed  into  the  blood,  and  nitrogenous  material  which  has 
unHiTgone  tlif  further  process  of  being  converted  or  uAfiimiliittH]  into  actual  tissue  witli 
distinct  anatomical  elements.  For  instance,  a  certain  vjuuntity  of  albiimLn  having 
been  converted  by  the  stomach  into  the  peptones,  ent<?r8  the  circulation  and  forms  part 
of  the  nitrofrenous  material  of  the  blood ;  in  due  time  it  escapes  from  the  capillaries 
and  comes  into  close  connection  with  some  tissue,  aay  muscular  fibre,  of  which  it  is 
brnceforth  a  component  part  (though  how  far  each  chemical  coubtitucut  of  u  miucls 
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liH  to  do  with  itH  histological  features,  the  nuclei,  Btrice,  &&,  or  how  &r  these  same 
fBtttnree  tbare  in  the  general  metamorphoeia  of  the  fibre  is  uncertain).  If  the  albamin 
it  metamorphosed  bo  as  to  give  rise  to  urea  while  it  is  still  within  the  blood,  the 
imnlt  to  the  organism  will  be  very  different  from  what  wonld  occur  if  the  metamorphosis 
were  deferred  until  the  albumin  had  become  part  and  parcel  of  the  muscular  fibre.  A.nd 
the  same  applies  to  the  other  tisanes.  Hence  we  m&j  speak  broadly  of  two  sources  of 
urea ;  one,  the  metamorphosis  of  digested  food  still  dwelling  in  the  blood-current,  and 
which,  for  the  sake  of  breritj,  we  may  call  the  metamoiphusis  of  Slastema  or  modified 
Ibod ;  the  other,  the  metamotphosiB  of  tissue  preTioosly  formed  out  of  Blood,  and  which 
we  may  call  FUsk^  although  we  emfamce  under  that  title  not  muscular  tissue  only,  but 
•rery  other  kind  of  tissue  that  contains  nitrogenous  material  subject  to  constant  change. 
According  to  Liebig,  Bischoi^  Voit  andothers,  the  last  only  is  the  true  expression 
of  the  process  of  the  economy.  Flesh  the  only  source  of  urea.  According  to  Bidder 
•nd  Schmidt  urea  may  arise  both  f^m  Blastema  and  from  Flesh. 

Having  thus  detennined  the  sooroe  of  the  nitrogen,  the  analysis  of  the  egesfca  may 
be  continued.  The  metamorphosis  of  Flesh  or  Blastema  (or  both)  which  accounts  for 
the  nitrogen  will  also  acoount  for  a  certain  qnanUty  of  carbon,  hydrogen  and  oxygen. 
The  z«maimng  quantity  may  then  be  inferred  to  result  either  f^m  the  metamorphosis 
of  a  calculable  quantity  of  adipose  tissue  (or  Fat)  or  from  the  metamorphosis  of  the 
hydrocarbons  or  carbo-hydrates  of  Food  while  Btill  in  the  blood-cuirent  (Blastema). 
A  comparison  of  the  ingesta  and  egesta  may  then  be  used  as  follows. 

An  excess  of  the  nitron  in  the  ingesta  over  that  in  the  egesta  will  be  regardeil  as 
ftstoringupof  nitrogenous  material  which  bus  escaped  metamorphosis — as  a  pnin  either 
of  Flesh  or,  if  it  is  possible  to  heap  up  such  matters  in  the  blood-cunrnt,  of  Blaiitema. 
An  excess  of  nitrogen  in  the  egesta  over  that  in  the  ingesta  will  signify  n  mt'tRin<tr]>hnMta 
or  consumption  of  Flesh  over  snd  above  the  metamorphosis  of  nitrof^enoua  inuterial 
contained  m  the  food  (or  its  equivalent  in  flesh),  and  therefore  may  bo  rcjrurded  hs  a 
loss  of  flesh.     Suppmiuff  there  to  have  been  during  the  perimi  of  experimentation  a  total 

rK  it  and  a  gain  of  Flesh  «>  a ;  t  —  a  will  then  remain  as  the  expression  of  the  piin  in 
vater,  or  both  ^  b  *•  e.  The  excess  of  carbon  in  the  egesta  over  that  in  the 
ingesta  minus  the  elements  required  for  the  gain  in  Flesh,  may  then  be  used  for 
cuculating  the  gain  in  Fat  «  6.  The  retained  water  may  then  be  calculated  from 
the  equation  <  —  a  —  6  ^  o,  and  ought  also  to  be  represented  (if  a  complete  unalysis 
of  both  ingesta  and  ^esta  has  been  made)  by  the  amount  of  oxygen  and  hydrc^n 
remaining  in  the  excess  of  egesta  after  the  subtraction  of  the  elements  required  for  the 
gain  of  Flesh  and  Fat.  When  there  is  a  total  loss,  or  special  loss  of  any  of  these  three 
chief  constituents,  the  sign  in  the  equations  mast  be  altered  accordingly.  As  was 
stated  above,  Bischof  and  Voit  made  no  complete  analysis  of  the  egesta,  but  contented 
themselves  with  determining  the  nitnwen  as  urea  and  calculating  out  the  carbon  of  the 
egesta,  as  an  index  for  gain  or  lews  in  fot,  from  previously  determined  averages  of  the 
earbonic  acid  exhaled  and  units  of  heat  thrown  off  by  the  dog.  It  is  evident  that 
Buch  calculations  leave  margins  for  very  considerable  errors,  and  a  comparison  between 
the  theoretical  results  of  Bischof  and  Voit,  and  the  actually  observed  results  of 
Pettenkofer  and  Voit  with  the  tarns  dog  shows  how  Important  such  errors  may  be. 

The  opinion  that  the  nitrogen  of  the  ^esta  when  food  is  taken  arises  from  the 
metamorphosis  of  both  flesh  and  blood  is  upheld  by  Bidder  and  Schmidt  These 
observers  determined  the  excreta  in  a  cat  for  a  period  of  eighteen  days,  duriuff  which 
no  food  at  all  was  taken,  and  the  whole  nitrogenous  metamorphosis  referred  therefore 
to  flesh  alone.  The  foUowing  table  gives,  reduced  for  each  24  hours  to  1  kilogrm.  of 
the  weight  on  that  day,  the  excretion  of  urea  and  earbonic  acid,  and  also  the  amount 
of  fat  and  dry  nitrogenous  protein  material  (not  flesh)  calculated  to  have  undergone 
metamorphosis: 


Day.       Ufm.    CartKmie  add.    Pnteia.       Fat. 


Day. 


Urea.    Cwbonfc  add.    ProtdlD. 


Fat. 


1 

8-437 

20-68 

9-94 

1-76 

10 

1-907 

22-46 

6-78 

4-66 

2 

2-298 

20-61 

7-13 

8-30 

11 

1-723 

22-09 

6-34 

4-84 

3 

1-887 

21-67 

6-85 

4-34 

12 

1-648 

23-13 

612 

5-34 

4 

1732 

20-74 

6-37 

4-33 

13 

2166 

23-61 

6-71 

4-56 

5 

2-227 

20-61 

6-90 

8-41 

14 

2224 

23-56 

6-90 

4-43 

6 

2-133 

20-94 

6*61 

3-67 

15 

2-062 

23-96 

6-36 

4-87 

7 

1-968 

20-69 

610 

3*86 

16 

2164 

23-28 

6-68 

4-44 

8 

2091 

20-79 

6-51 

3-72 

17 

1-216 

21-46 

3-77 

642 

9 

2-263 

21-89 

7-02 

3-89 

18 

0-697 

17-57 

1-85 

615 

It  will  be  observed  that  if  the  two  first  and  two  last  days  be  omitted  (and  the  influence 
of  previous  food  on  the  one  hand  and  of  dying  on  the  other  be  thus  eliminated)  the 
amount  of  urea  and  of  carbonic  acid  excreted,  and  of  protein  and  fat  metamorphosed  per 
kilogramme  per  diem  is  nmaikably  oonstant.    The  total  quantity  of  nitrogen  excnrtcd 
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during  the  whole  period,  3O-807grni».bpfpoke  !i04*43grnMi.  protein  maUrial  (nJeulntrtJii 
&xy  muscle  free  from  fut),  coDtolnisg  lu2'24  gnns.  carbcm,  which  deducted  fron  Qm 
toUl  aniuuat  uf  carbon  exeivt^^l,  vis.  205-96  gmie.,  gnva  103-72  grms.  carbon,  an  cqaiTi- 
lent  for  13276  ^jma.  pure  fat  (nut  adipose  tusae).  Tho  total  loss  in  wei^t  wu  1264*8 

§rmfi..  which  IravM  027-62  grm<t.  fur  the  Iohb  id  water  and  salta.  An  analysii  of  the 
(Nid  body,  eoin[>arod  with  an  aoalyhU  of  anoth(^^  cat  very  doaely  resembliiig  what  thn 
dead  one  w*b  at  the  commencement  of  tho  pxperiraeui,  gave  a  probable  Iobb  of  lOMt 
grrna.  water,  and  306  grmfi.  dry  material  of  which  about  130  grms.  was  fet,  and  thai 
aifoided  a  fair  corroboiation  of  the  theoretical  dedactions.  On  feeding  u  cat,  howsret, 
on  such  a  quantity  of  flesh  that  for  nine  days  it  neither  gained  nor  lo«t  weight  to  ao/ 
great  extent*,  tfacy  found  the  daily  excretion  per  kilogramme  per  diem  to  be  ^ 

XTi!«a    ....     2-968  Carbonic  acid      .  .     20'333 ;       ^ 

when  it  was  forced  to  eat  aa  much  aa  poaaible,  the  excretion  per  kilogramme  per  dxem 


was 


34-877. 


tlrea    .        .        .         .     6'1£2  Carbonic  acid 

Another  cat  left  t«  feed  ad  Ubitaro  gave  per  kilogramme  per  diem 

Urea     ....     7*663  Carbonic  acid      ,         .         .     S4-164. 

Bidder  and  Schmidt  drew  from  their  results  the  conclusion  that  the  total  metamor- 
phosis  of  any  giv*'D  animal  is  dependent  on  two  circanutances,  or  is  a  function  of  two 
motors,  one  conatant,  tho  otht-r  yariable.  The  constant  is  the  typical  metamorphoais 
exhibited  during  hunger,  ehowo  ho  clearly  for  the  cat  in  tbeir  starvation -experunent, 
a  metamorphosis  rendered  nocessaxr  for  the  prodnction  of  heat  and  ihe  other  vital 
forces,  the  onwunt  being  determined  by  the  species,  age,  bulk,  &c.,  of  theanimat  The 
Tariahle  is  the  food  taken  for  tho  time  bein^.  When  the  food  taken  ia  only 
sufficient  to  cover  the  waste  caused  by  tho  typical  constant  metomorphoaia,  all  tba 
excreta  may  be  inferred  to  have  arisen  from  the  metamorphosis  of  flesh.  When, 
howeTer»  a  surplus  of  food  is  taken,  then  part  of  tho  excreta  is  due  to  metamorpbo- 
ds'of  blastema.  Thus  when  a  surplus  of  meat  wsji  consumed  by  the  cat,  a  certain 
portion  entered  in  a  stnte  of  flcmh,  r(>pliicing  a  certjiin  quantity  whose  nitrogen  appeared 
in  tho  egeeta  undrr  the  form  of  urea  as  tho  representative  of  the  "constant  meta- 
morphosis; the  rest  was  split  up  in  the  blood  into  a  nitrogenous  and  a  hydrocar- 
boDous  portion.  The  nitrogenous  portion  was  at  once  thrown  off*  as  urea,  A  certain 
amount  of  the  hydrocarbonou^  portion  tJiec  either  entered  the  body  as  fat  in  order  to 
supply  the  waste  caused  by  the  "conattiiit  metiimorphotiis  *'  necessary  to  produce  the 
typical  amount  of  carbonic  acid,  or  what  umountA  To  the  same  thing,  was  metamor* 
phosed  lit  once  in  the  blood  in  order  to  produce  thiit  amount  of  carbonic  acid,  and  so 
eavcd  the  fat  of  tho  body  from  consumption.  If,  after  the  performance  of  this  duty, 
any  of  the  hydrocarbonous  portion  still  remainod.  it  too  was  metamorphosed  or  oxidised 
within  the  blood,  limitation  being  made  fur  the  quantity  of  oxygen  present.  The 
quantity  of  nitrugonoos  material  thii»  metamorphosed  directly  in  the  blood  and  tlirown 
off  as  urea,  was  designated  by  Bidder  and  Soluuidl  tlie  **  Luxus-consumptioii."  It  is 
naturally  very  high  with  a  diet  of  pure  flesh,  a  large  amount  of  albumin  rrqairing 
to  be  split  up  in  nnliT  to  supply  the  necessaiy  quantity  of  carbonic  aoid.  It  ii 
reduced  by  tlie  addition  of  hydri>carbons  or  carboliydrat<)6  to  the  food,  and  hence  is 
more  marked  in  eHmirura  than  in  herbivora. 

This  view  of  Bidder  and  Schmidt's  is  moreover  aupported  bj  the  fact  agreed  to  hr 
nearly  ull  observent,  that  tho  .imouot  of  area  in  the  urine  increases  very  oooaider- 
ably  within  a  few  hoars  afler  taking  focxl  It  is  thought  highly  impro1>abl6  that  in  so 
ahort  a  space  of  time  the  food  Hhould  have  actually  been  transformed  into  tissue. 
According  to  Dr.  E.  Sm  ith.  however,  this  post-cibum  n&p  of  urea  is  nut  somarkMl  as 
other  observers  haTO  taught,  especially  when  tho  hourly  variations  in  the  quantity  of 
urea  which  occur  during  hunger  an^  taken  into  consideration.  Besides  which  it  must 
be  remembered  that  we  do  not  at  all  know  either  how  rapid  the  changes  in  living  flesh 
may  be,  or,  as  was  observed  above,  how  fax  the  anatomicu.1  elements,  the  formed  solid 
portions  of  the  tissues,  for  in  them  lies  the  difficulty.  Take  part  in  those  change*. 

Another  arj^raent  for  the  luxus-contiumntion  is  drawn  from  the  experiments  rf  Dr. 
Hnnimcind,  who  foaud,  with  a  purely  alLuminous  diet,  grrnt  incroasf^  of  urea  with 
great  loss  of  strt^nglh  But  to  this  it  may  be  answcrt-d  that  the  exact  relation  between 
nitrogenous  metHmorphosisandthe  production  of  viLal  force  is  not  yet  fully  established ; 
that  it  is  quite  possible  that  excessive  metamorphosis  of  even  rauscutar  tissue  shoold 
take  place,  and  yet  the  forue  so  liberated  not  take  the  form  of  muscular  power;  and 
moreover,  that  urea  need  not  necessarily  be  assumed  to  arise  from  muscular  tissue  alone, 
but  might  be  supplied  from  all  the  formed  tissues  which  we  have  classed  together 
nnder  the  head  of  flesh.  The  phenomena  of  the  disease  called  Diubetea,  again,  offrr 
several  innx>rtant  Icsjwns  on  this  point.  Thus  Ilinger(MeiL  Chir,  Trans,  xliii.) 
baring  observed  in  tlmL  mMlady^  during  hunger  as  well  as  after  a  non-amylaceoua  meal 
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I     ft  constant  ratio  betveen  the  amount  of  sugar  and  of  nrea  present  in  the  mine,  nattmlly 
'     'lltfen  the  existence  of  a  common  sonrce  for  both;  and  finding  reasons  for  beliering 
'      that  the  sugar,  at  least  in  some  forms  of  diabetes,  comes,  not  &om  the  tissues  generally, 
'      bat  from  the  liver  in  particular,  argues  that  the  urea  comes  &om  the  same  organ  too, 
'      both  perhaps  arising  from  a  splitting  up  of  protein  substance.     Hanghton  also  tnp- 
porte  the  same  view.      But  the  theory  of  a  Inxus-con sumption  requires  that  the  urea 
should  not  come  iW>m  a  metamorphosis  of  the  Uver,  but  of  the  blood,  or  rather  of  the 
Idastemti,  as  it  passes  through  the  liver.     And  these  tro  things  have  not  been  held 
efficiently  distinct,     The  basis  of  Bidder  and  Schmidt's  views  was  the  constant  ratio 
of  urea  to  body-weight  which  was  maintained  during  the  whole  of  the  starvation- 
experiment.    The  truthfulnees  of  the  result  has,  however,  been  impugned  by  the  obser- 
Tations  of  Bischof  ard  Voit.   They  submitted  a  dog  to  a  hunger-experiment  on  five 
different  occasions : — 1.  After  a  very  rich  meat  diet — 2.  After  a  meat^liet  decreasing 
fft^oaUy  in  amount,  the  last  day's  diet  being  178  grms.  meat.— 3.  After  a  very  rich 
diet  of  1,800  grms.  meat  and  250  grms.  fat  daily  for  7  days. — i.  After  several  days  of  a 
diet  of  176  gnus,  meat  and  from  50-250  fat  daily. — 5,  After  being  fed  for  sev»^  days 
"with  meat  decreasing  from  700  grms.  to  150  grms.  daily,  and  a  variable  quantity  of  fat, 
«Dd  for  the  last  two  days  on  about  350  grms.  &t  only.     The  following  table  shows  the 
«mount  of  urea  excreted  per  kilogramme  per  diem,  for  each  day.     The  duration  of  each 
experiment  varied  considerably. 


No.  1. 

No.1.           No.  a.           No,  4.          So.  5. 

First  dav      . 
Second  day    . 

, 

.    -72  grra. 

'52  grm.    '92  grm.    *34  gnn.   *14  gnu. 

, 

.    -77    „ 

•52    „        -65    „ 

Third  day      . 

.    -70    „ 

■49    „        -42    „ 

Fourth  day    , 

, 

.    w  „ 

•88    „ 

Fifth  day       . 

• 

.     -42    „ 

•88    „ 

Sixth  day      . 

, 

.     -49    „ 

•83    .. 

Seventh  day  . 

•82    „ 

The  excretion  of  urea 

p« 

kilogramme  per 

diem  for  the  last  two  days  of  the  diet  in 

each  case  was  — 

Last  day  but  one  •        .  3*94  grms.  '81  grm.    318  grms.  '74  grm.     *36  grm. 
Last  day       .         .        .  399     „        78    „       322    „        -66    „        -35    „ 

From  these  figures  it  is  deer  that  there  was  in  the  case  of  this  dog  no  constant 
ratio  of  urea  to  body-weight  at  aU.  It  is  true  that  in  none  of  the  experiments  was 
the  period  of  inanition  so  prolonged  as  in  Bidder  and  Schmidt's  experiment,  and 
therefore  the  possible  efi*ect  of  food  still  contained  in  the  body  not  so  thoroughly 
eliminated.  But  in  the  cat  the  constant  ratio  was  reached  on  the  second  or  at  furthest 
the  third  day,  and  in  the  d<^  the  amoimt  of  urea  passed  during  the  two  days  preceding 
inanition,  shows  that  in  no  case  could  the  urea  of  the  second  or  even  fint  day  (9 
hanger  be  supposed  to  have  arisen  to  any  sreat  extent,  directly  from  the  food  of  the 
previous  days.  Bidder  and  Schmidt  believed  the  typical  amount  of  urea  passed  daring 
starvation,  bespeaking  the  typical  amount  of  nitrogeneous  tissue  undergoing  metamor- 
phosis, to  be  determined  by  tne  tvpical  amount  of  vital  force  necessazy  for  the  susten- 
ance of  life.  The  immense  difference  between  '92  and  '14  occurring  in  the  same 
animal  with  surrounding  circumstances  nearly  the  same,  and  therefore  most  pro- 
bably with  the  same  demand  for  the  exercise  of  the  forces  of  life,  shows  /oir  clearly 
that  the  amount  of  metamorphosis  ought  not  be  considered  as  depending  solely  on  the 
call  for  the  manifestation  of  vital  energy.  But  if  so,  the  idea  of  the  typical  amount  of 
urea  must  be  thrown  on  one  side,  and  consei^uently  the  theory  of  the  luxas-oonsumption 
deprived  of  its  base.  On  the  other  hand,  if  we  reflect  that  in  series  Nos.  1  and  3  the 
dog  had  lived  for  some  time  on  a  diet  afterwards  determined  to  be  very  effectual 
towards  the  storing  ap  of  nitrogenous  material,  in  No.  2  on  a  diet  less  effectual  for  that 
purpose,  in  Nos.  4  and  6  on  one  still  less  so,  and  that  therefore  the  amount  of  nitrogen- 
ous material  or  fiesh  in  the  body  of  the  animal  at  the  commencement  of  each  hanger 
experiment  might  be  placed  in  a  lesseningseries  in  the  order  No.  3,  No.  1,  No.  2,  No.  4, 
I^o.  5, — the  results  obtained  by  Bischof  and  Voit  might  fairly  be  interpreted  as  meaning 
that  the  amount  of  urea  excreted  per  diem  depends  directly  on  the  amount  of  nitrc^n- 
cus  material  stored  up  in  the  animal  as  fieeh.  The  contradiction  between  the  two  sets  of 
observations,  between  the  facts  of  Bidder  and  Schmidt's  cat,  and  those  of  Bischof  and 
Voit's  dog,  requires  explanation  ;  but  unless  there  are  serious  errors  in  the  actual  deter- 
minatioDf)  of  the  Utter,  it  is  difficult  to  escape  from  the  conclusion  that  all  the  nitro- 
genous material  taken  in  as  food  does  become  part  and  parcel  of  the  body,  is  really 
assimilated  into  fle«h  (using  that  word  in  the  general  sense  defined  above,  and  not 
limiting  it,  as  Bischof  and  Voit  appear  to  do,  to  muscular  tissue)  before  it  tmdergoes 
metamorphosis  into  urea,  and  that  one  of  the  principal  laws  of  nutrition  is  that  the 
amount  of  metamorphoais  of  flesh,  takiog  place  in  the  body  at  a  given  time,  depende 
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dircolly  upon,  in  othpr  wozda  ie  a  function  of,  the  amoant  of  fleah  therein  preacnt  TU 
Taiiditj  of  thia  concliuion  u  ufisumod  in  ull  Bischof  and  Voit'i  cubaequent  mmtiga> 
tions,  and  thus  fomifl  the  basin  of  their  olhor  rettuita,  vhich  are  tm  followa.  It  vdl 
\>o  remembered  that  these  obecrrpre  hare  left  room  for  errors  bj  not  determiinng 
directly  the  carbon  of  the  egeita.  Their  practice  of  always  reckoning  the  nitro^pooii 
mattiriol  of  the  body  as  vet  muncle  only  leada  alao  in  all  probability'  to  additunul 
inaccui-acie«.  and  throughout  the  wholr  of  their  rceearchea  ao  element  of  unceztaiBtr 
«a  introduced  tbrougti  vuriHtiotia  in  the  nutritive  power  of  the  animal,  both  as  regardi 
chanicter  and  amount,  caused  by  the  diet  ititelC  and  well  eeen  when  a  changs  i*  niada 
from  cue  kind  of  food  to  aDOther.  Thai  with  thn  same  rationa,  rix.  1,800  gnoM.  autt, 
the  dog  on  one  occasion,  after  living  fur  the  previous  forty  days  on  bread,  gained  in 
bodily  weight  at  the  rate  of  leaa  than  1  grm.  per  Itil.  per  diem ;  at  another  time,  after 
three  days*  hanger  following  an  inrafflcieut  meat  diet,  he  gained  at  the  rate  of  ovtt  'I 
grmf).  per  kil.  per  diem  ;  on  h  third  ocoaetioD,  after  a  long  aiupension  of  the  expm- 
ment,  during  which  he  lived  after  the  manner  of  dogi  in  genend,  he  loat  at  the  nta 
■66  grm.  per  kiL  per  diem. 

The  first  series  of  experiments  were  made  with  a  diet  of  neat  alone.  The  first  and 
chief  effect  of  meat  taken  as  lood^  was  a  rise  in  the  amount  of  nrea,  that  ia  to  asy  aa 
incrrftse  in  the  metamorphoeis  of  flesh.  Suppoeiog  that  at  the  time  of  giving  the  food, 
the  dog  was  alr(>ady  ill-fe<l  and  losing  in  bouily  woight,  the  effect  of  it  small  onantity 
of  meat  was  such  an  iiicn-aBe  iu  the  mct^imurpiioHift,  that  the  iinimal  stored  nothing 
but  continued  to  Iom  in  weight.  An  increase  of  the  meat  ration  similarly  ina 
the  metamorphosis  and  siniilnrly  permitted  the  loss  in  weight  A  fonfaer  ini 
acted  in  the  same  way.  But  this  was  oKserved^  that  with  a  succession  of  equal  incre- 
nieutA  of  food,  the  increments  of  metamorphosis  saccessively  diminished.  Hence,  by 
continuing  the  increase  (tf  food,  a  limit  wha  at  last  reached,  at  which  the  increase  of 
metamoiphoeia  ceased.  The  animal  might  then  be  said  to  be  in  a  condition  o{  equili- 
brium^  the  ingesta  and  eeevta  balancing  each  other.  Such  a  state  of  things  wm 
estabtished  in  Bischof  and  Voit'e  dog  only  when  the  amount  of  meat  conanmed  u 
ibod  was  eqtud  to  about  ^  tc^  uf  the  total  weight  of  the  animal.  Beyond  that  point 
an  increase  of  food  was  stoml  up  us  iiicreas«  of  bodily  weight.  But  in  a  very 
short  time  after  such  a  guin  in  weight,  the  tol^ity  of  the  processes  of  the  economy 
accommodated  themselves  to  the  new  stati'of  things,  to  the  increased  moss,  and  therrbr 
gave  rise  to  an  increase  of  metamorphosis.  To  sup[>ly  thin  increase  of  metamorpbosts 
«  further  increaae  of  &od  was  required,  and  bo  another  equilibrium  was  established  oo 
a  higher  platform,  so  to  speak,  of  waste.  On  still  furthi^r  addition,  the  same  process 
was  gone  through  ugain,  until  the  animal  refused  to  ent  the  required  quantity  of  food. 
Iioss  of  weight  of  course  then  occurred,  wilJi  a  rt'duction  of  the  equilibrium  to  a  lowfa* 
level 

The  cause  of  the  successive  diminution  in  the  increments  of  metamorphoeis  eaosad 
by  succeasive  augments  of  the  food,  is  to  t>e  sought  for  in  the  ^proximutively  constant 
l^uiuitiry  of  oxjeen  present  in  the  blood  for  tlie  purposes  of  oxidation.  We  hav* 
I  tnorefore  three  things  to  notice.  l'*irst  an  amount  of  metamorphosis  proper  to  the  fieah. 
l-Seooiidly,  ^ti  increase  in  m«^tamorplioeis  due  to  the  pretence  of  food.  Thirdly,  a 
govi*rnment  of  the  metamurphosis  by  the  oxygen  of  the  Hystem.  In  other  words,  the 
metamorphoais  is  a  function  of  three  factors — one,  a  constant  (or  approximotively  suchX 
the  other  |wo,  Tariableft — viz.  Oxygen,  Flesh,  and  Food,  or  as  Bischof  calls  it.  Plasma, 
BJaetemu.  The  next  scries  of  experiment**  wascouductcdwith  meatandfat,  and  witli  hi 
alone.  It  was  found  that  the  addition  of  fat  to  a  meat  diet  affected  the  body  in  two 
different  ways.  On  the  one  hand,  fat  not  only  did  not  prevent  by  its  presence  that 
increase  of  metamurphosiN  which  hud  pnt-viously  been  observed  to  foUow  upon  on 
increase  in  the  quantity  of  meat  consuiuud,  l^ut  was  itself  a  cause  of  increase,  ina»> 
much  as  it  added  to  the  mass  and  internal  labour  of  the  economy.  On  the  other  hand, 
apparently  from  its  greater  readiness  fur  oxidation^  it  preoccupied  the  oxygen  of  the 
system,  and  so  sheltered  the  ficah  from  oxtdatioQ  aod  mc'tamorphosis.  Hence  the 
addition  of  fat  to  meat  us  food  low(.-re<l  tht;  platform  ut  which  metamorphosis  was 
arrested  for  want  of  oxygen  and  an  equilibrium  establishKl.  One  third  or  one  fourth 
only  of  a  quantity  of  meat  reouin>d  for  an  equilibrium,  when  meat  alone  was  given, 
was  needed  when  fat  was  addea  to  it. 

Sugar  and  starch  wore  found  to  act  very  much  in  the  same  way  us  tat,  except  that, 
appiirently  by  reason  of  the  greater  facihty  for  oxidation  posMessnl  by  stigw,  equili- 
bnam  was  established  with  even  a  less  ex[>enditure  of  m^^at  than  was  the  case  with 
&t,  A  similar  oonclusion  maybe  drawn  fromthe  results  of  the  system  of  Mr,  Banting. 
The  experiments  of  HenncbergandStohmann  on  oxen,  conducted  in  a  very  similar 
Xuantier  to  those  of  Bischof  and  Voit,  the  cwrbon  of  the  egesfa  being  C'llculiited,  not 
directly  di'termin«'d,  are  intertiiliug  as  showing  that  the  herbivora  are  sulject  to  the 
Siime  laws  of  nutrition  as  the  carnivora.  Tht'se  observers  found  that,  in  the  ox  (he 
metamorphosis  was  a  function  of  the  ftesh ;  that  it  waa  increased  with  an  increas*  ol 
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prot«in-sttb«taiice  in  the  food,  the  increment  of  the  metamorphosis  sncrcessively  diminish- 
ing, howoTer,  with  succeeaiTe  increase  of  protein  food,  so  that  at  last  an  fqnihbrium  was 
established ;  that  the  addition  of  non-nitrogenons  material  to  the  food  lowered  in  pro- 
portion to  its  amount  the  quantity  of  protein -substance  necMsary  for  the  establish* 
ment  of  that  equilibrium  or  for  the  storing  up  of  bodily  weight  Aa  might  be  expected, 
the  amount  of  protein-substance  necessary  for  an  equilibrium  under  any  circumstances 
was  far  less  than  that  required  by  the  dog. 

Man,  standing  so  to  speak  between  camiTorn  and  herbirora,  has  been  studied  by 
Banke  with  Tety  similar  results  (Ranke  in  many  of  his  experiments  directly  deter- 
mined the  carbon  of  egesta  in  Fettenkofer's  apparatus).  He  also  found  that  the  meta- 
morphosis was  a  function  of  the  flesh  of  the  body,  that  it  was  also  a  function  of  the  food 
or  Blastema,  being  largely  increased  by  a  meat-diet  Contrary,  however,  to  the 
experience  touching  the  dog,  he  was  unable  to  reach  an  equilibrium  when  feeding  on 
meat  alone.  While  eating  the  largest  amount  of  meat  possible,  viz.  1,800  grms.,  he 
still  lost  weight.  He  moreover  found  that  the  addition  of  fat  or  starch  to  food,  rendered 
eosT  the  establishment  of  an  equilibrium.  The  concordance  of  the  results  of  theee 
difKrent  obserrers  speaks  strongly  for  the  probable  correctness  and  worth  of  these 
••  Uws  of  nutrition." 

In  the  above  statement,  metamorphosis  generally,  and  metamorphosis  of  flesh,  have 
been  used  indiscriminately  on  the  ground  tiiat  the  latter  is  really  tne  chief,  central  uid 
determining  part  of  the  whole.  It  remains  to  determine  how,  when  equilibrium  has 
been  eetabhshed,  and  a  storing  up  commenced,  the  elements  of  flesh,  fat  and  wat«r  are 
distributed  in  the  increase  ;  similarly  also  how  they  are  related  to  each  other  in  a 
decrease  when  that  occurs.  The  conclusions  arrived  at  when  the  carbon  was  calculated, 
instead  of  being  observed,  must  of  course  be  received  with  caution. 

According  to  Bischof  and  Voit,  when  an  animal  is  ill-fed  with  meat,  he  loses  not 
only  flesh  but  also  hi  from  his  body.  With  an  increasing  diet  of  meat,  and  accom- 
panying increase  of  metamorphosis,  the  loss  of  fat  leesens,  and  flnally  ceases  with  the 
establishment  of  equilibrium.  Pettenkofer  and  Voit  have  moreover  shown  that 
with  a  rich  meat-diet,  when  there  is  a  balance  between  the  nitrogen  of  egMta  and 
ingesta,  there  is  most  probably,  judging  ^m  the  retention  of  carbon,  a  very  conside- 
rable storing  up  of  fat  The  same  result  was  also  arrived  at  by  Bidder  and  Schmidt 
It  is  only  intelligible  on  the  hypothesis  that  the  metamorphosis  of  flesh,  like  Bidder 
and  Schmidt's  metamorphosis  of  blastema,  consists  in  the  splitting  up  of  protein 
into  a  nitrogenous  and  a  hydrocarbon ons  portion.  Ranke,  on  uie  contrary,  found  that 
with  the  largest  meat-diet  possible,  he  still  consumed  fat  while  he  stored  up  flesh,  with 
a  total  result  of  loss  in  weight  owing  probably  to  a  giving  off  of  water.  The  addition 
of  fat  to  food  naturally  lessened  the  con  sumption  of  the  fat  of  the  body,  and  if  in  sufficient 
quantity,  arrested  it  or  even  led  to  a  storing  up  of  fat  It  was  also  found  that  when, 
with  a  given  quantity  of  fat,  the  amount  of  meat-food  was  pushed  beyond  what  was 
necessary  for  an  equilibrium,  and  the  flesh  of  the  body  consequently  increased,  with  a 
proportionate  increase  of  metamorphosis,  such  an  excess  of  nitrt^enous  material  under- 
going metamorphosis  was  at  last  arrived  at,  that  it  preoccupied  the  oxygen  of  the 
system  to  the  exclusion  of  the  fi&t  The  fat  of  the  body  was  retained  and  that  of  the  food 
stored  up  in  presence  of  a  large  unnecessary  nitrogenous  metamorphosis.  The  same  result 
was  also  obtained  by  Henneberg,  and  illustrates  the  uselessness  of  attempting  to  in- 
crease the  casein  of  milk  by  giving  protein-food  beyond  a  certain  limit  Bischof  and 
Voit  found  sugar  and  starch  also  to  spare  the  consumption  of  fikt,  but  the  dog  was 
ibnnd  unable  to  digest  such  a  quantity  of  sugar  as  might  be  supposed  sufficient  to  cover 
the  total  waste  in  ut  and  lead  to  a  storing  up  of  it  Henneberg  however  found  that 
this  was  extremely  easy  in  the  ox,  a  fact  which  has  been  lurgely  shown  by  the 
researches  of  Lawes  and  Gilbert  These  last  observers  indeed  found  the  storing  up 
of  fiit  to  form  so  large  a  share  of  the  total  result  of  the  general  feeding  of  animals  for 
the  batcher,  that' they  were  led  to  consider  butcher's  meat  in  ita  totality  not  as  nitro- 
genous but  as  hydronrbonous  food.  Their  results  have  a  peculiar  value  inasmuch  as 
they  were  obtained,  not  by  calculating  back  from  the  excreta,  but  by  the  actual  analysis 
of  several  typical  specimens,  and  by  numerous  determinations  of  weight  serving  as 
data  for  comparisons.  The  effect  of  ordinaxy  fattening  food  upon  the  flesh,  fat 
and  water  of  the  bodies  of  oxen,  sheep  and  pigs  is  illustrated  by  the  following  table : 
CalcuUUed  eomptmtwn  of  100  increate  whilst  fattening. 

Mineral  Drjr  nltroirenoui  «  .  ToUldr7 

mister.  compoundi.  "*■  lubtuaet. 

Average  for  98  oxen        .        .         .1*47  7*69  66*2            75*4 

Average  for  348  sheep     .        .         .     2*31*  7*13  70*4            79*9 

Average  for  80  pigs         .        .        .     006  6*44  71*6            78*0 

A  &t  pig  actually  analysed     .              -53  7*76  631            71*4 

■  Too  blgh  owing  to  foreitn  matters  Id  wool. 
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The  relmtioD  bftwcen  the  ftmoiint  of  metamorphosia,  and  consrqaf^ntijr  of  the  aterinf^  n 
or  inereaae,  and  the  Tarions  etemffDta  of  the  food,  woa  tbiu  found  to  be  ftaibllows.  Wnii 
ahnpf  the  amount  of  diy  nitrogeoouB  material  stored  up  in  the  body  for  every  100  pti^ 
of  ihf*  B&me  consumed  aa  food  wu,  on  the  arem^e,  4*41 ;  of  non-nitrogenuus  xnatmat 
tliat  is  fat,  stored  ap  for  eT4fi7  100  pta.  of  nonnitrogenons  Bubataoce  conKumed  a«  food, 
thequnntitj  wiut  9*4.  the  remainder  in  eiich  cuae  beine  either  not  digiestetd,  or  lost  ja 
tneUmorphosis.  With  pigs  the  numbers  were  7*34  ana  212  respectirelj.  the  largen*<« 
of  th(?  numherti  being  due  in  port  at  leaat  to  the  niga*  food  being  more  uigeatible.  Tbe 
nirae  facta  may  be  plaofd  in  another  liphU  Thus  vith  sheep,  for  every  100  pta.  of 
tht>  totnl  dry  mutter  of  food  (moHtly  oil  cake  and  clorer)  there  were  stored  up  '72  of  drj 
nitrogenous  material,  7'13  of  fat,  and  '02  of  minttrut  mftttf-r,  91-94  beio^  loat  in  dige«- 
tion  or  in  metamorphosis.  With  pigs,  feeding  on  bran,  beans  and  meoJ,  tbe  numbto 
were  1-44.  ISSl,  -02.  82*73  respectively.  It  is  worthy  of  notice  that  these  independaot 
observations  may  he  interpreted  as  agreeing  very  cloeely  with  tbe  gf'neral  molls 
described  above,  namely  ihat  increase  of  nitrogen  means  iucrease  of  metaroorphona, 
and  that  an  amoant  of  nitrogen  in  fattening  food  beyond  a  certain  limit  does  not 
end  in  staring  up  of  flesh,  but  in  an  augmentation  of  nitrogenons  metamoipbosij  with 
I(>8sened  waste  of  faL  Thtit  Ut  was  nctuiilly  formed  in  the  body  ia  dearly  shown  by 
the  fact,  that  for  100  pts  of  fat  as  f-uch  consumed  in  food,  f^m  406-472  pta.  of  fit 
were  stored  up  as  increase.  No  marke<l  difference  was  observable  betweea  sugar  and 
alarcb  as  fitt-storiiig  constituents  of  food. 

Biechof  and  Voit,  expfrimejiting  with  gelatin,  found  that  a  large  addition  of  that 
Rubstance  to  a  meat-diet  led  to  a  storing  up  of  flesh  but  a  wast«  of  fat,  when  the 
quantity  of  meat  consumed  with  tbe  gelatm  was  such  that  eithe-r  with  it  alonn  or  with 
tut  besides  there  was  no  storing  up  of  flesh.  It  was  hence  inferred  that  gelatin  really 
does  to  a  certain  extent  take  part  in  tbe  metamorphosis  of  fifsh,  and  does  not  simply 
shelter  the  flesh  by  preocvnpying  the  oxyeen  ofier  the  manner  of  faL  So  lai^  an  amount 
of  gelatin,  however,  was  necessary  for  uis  purpose  as  to  explain  why  animals  fed  oo 
gelatin  alone  could  not  ihrive. 

Our  knowledge  of  tbe  history  of  each  alimentary  principle,  as  it  passes  tbroagh  and 
among  the  metamurpho«e«  sketched  above,  is  necessarily  very  imperfect,  and  will  be 
more  fitly  put  in  the  w>iy  of  queMion  than  of  statement.  What,  for  instance,  is  the  biaSory 
of  sugar?  I«  it  absorbed  imo  the  blood  and  at  once,  if  required,  oxidised?  If  tho 
surplus  is  stored  up  as  fat,  how  does  it  become  fiit  ?  Is  the  fat  which  is  stored  np  by 
reason  of  the  presence  of  th'^  surplus,  really  and  truly  that  same  sngtu-  exchanged  into 
fat,  or  did  the  sugar  step  into  a  metamorphosis,  and  by  a  sacrifice  of  itself  turn  oflT  io 
flit  certain  elements  which  would  otherwise  have  followed  another  path  ?  Qnefftion* 
such  tis  these  pertaining  to  «^«ch  alimentary  principle  spring  up  in  abundance,  but 
their  solution  belongs  rather  to  physiology'  in  geoeral  than  to  nutrition  in  particolnr. 
We  may  mention  a  few  eipcriments  only  which  seem  to  suggest  that  the  complexity  oi 
the  changes  taking  place  in  the  economy  is  rather  under  than  overrated  in  our  present 
aecept*'d  drx^trinos. 

It  is  well  known  from  thcexpi'rimentjiof  Regnault  and  Reisct  that  the  proportion 
of  oxygen  fixed  in  respiratiun  which  reappears  with  the  carbonic  acid  of  the  (^eetji 
varies  according  to  the  food,  being  croater  with  the  carbo-hydrates  than  with  tbe 
hydrocarbons,  Pcttenkofer  and  V o i t  observed,  however,  that  in  their  dog,  when 
fed  nn  fiesb  with  sugar  or  starrh,  the  amount  of  oxygen  in  ttie  cnrlxinic  acid  conaidembly 
(127  to  100)  exceeded  the  total  amount  of  oxygen  fixed  in  respiration.  This  was  eoin- 
cid»«ntwilh  tlio  appearance  of  free  hydropen  and  marsh-gas  in  the  respiration  cbsmb^r. 
Guided  by  the  investigation  of  P 1  an  e  r  on  intestinal  gaiws,  they  came  to  the  eonclurion 
that  the  starch  and  sugar  suffer  within  tbe  alimentary  canal  a  sort  of  fermentative 
decomposition,  by  which,  as  in  rinous  fi'rroentation,  a  quantity  of  carbonic  acid  is  given 
off,  in  the  prxxluetion  of  which  the  oxygeu  of  the  atmoupliere  has  had  no  part.  This 
observation  shows  strongly  that  the  amount  of  carbonic  acid  in  the  egesta  is  no  true 
mensnrf  of  the  oxidation  of  the  body,  and  therefore  of  the  generation  of  force,  as  baa 
gonenilly  been  pupp^med  to  be  the  case. 

It  is  curious  that  Grouven.  working  through  the  devious  and  dangerous  path  of 
elaborate  analyses  and  still  more  elnbontto  cjilculations^  should  have  eome  tn  a  voiy 
similar  concluftion  with  rrgurd  to  the  fate  of  the  carlmhydratee  oonsumcd  as  food  by 
oxen.  He  attempted  to  estimate  tlie  "  nulrilire  value  "  of  various  ahnientfirT  principles, 
March,  sugar,  gum,  &c.,  &c.,  hy  mixing  known  quantities  uf  them  with  a  Hxed  ration 
of  straw,  and  then,  having  calf  ulated  tho  changes  that  had  tnken  place  during  a  given 
time  in  the  body  of  the  unlmal,  gitin  or  loss  of  flesh,  fat  nnd  water,  compared  the  results 
with  the  previously  (leterTnin»'d  rft'tx-t  of  the  straw-ration.  He  found  that  liia  farts  only 
bfcunie  intelligible  <m  the  hypnthesis  that  within  the  ftlimentary  canal  the  crarho- 
l^'dratca  wem  split  up  into  two  seta  of  bodies,  one  rich,  the  other  poor,  in  oxygen ;  that 
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the  former  were  thrown  off  unuaed,  while  the  latter  were  absorbed  and  probably  were 
eonverted  into  &t.  He  goes  even  so  far  as  to  deduce  from  his  elementaiy  calcnlations 
the  formula  of  the  change.  Thos  starch  gave  rise  to  glycerin,  bntyric,  and  lactic  acids, 
iHiich  were  assimilated,  and  carbonic  acid  and  marsh-gas,  which  were  at  once  excreted. 
These  results  are  jperhapsofmore  Talne  as  provocative  of  future  researches  than  as  being 
by  tberoselvps  trustworthy  &ct«  but  at  least  they  point  to  possibilitieSr  both  of  diges- 
tion and  nutrition,  not  as  yet  fully  recognised. 

The  results  described  above  as  laws  of  nutrition  refer  to  what  have  been  called 
Ibrce-generators.  The  laws  belonging  to  the  force-regulators  are  so  complex,  so  little 
v&derstood  at  present,  and  consequently  so  much  debated,  that  it  is  thought  better  to 
mnit  the  couHiaeration  of  them  altq^ther. 

Some  substances,  such  as  alcohol^  can  perhaps  hardly  be  rewded  as  of  settled  position 
whether  among  the  generators  or  r^^ulaton ;  others,  tea,  coffee,  salt,  &c.,  have  likewise 
been  the  subjects  of  much  research  and  debate.     (See  Smith,  Voit,  Ace,,  &c.) 

B.    Vynamici. 

While  the  statical  part  of  the  subject  is  of  course  of  most  interest  in  nierence  to  the 
nutrition  of  animals  destined  to  be  slaughtered  for  food,  the  dynamical  part  is  of  most 
importance  when  the  nutrition  of  man  is  considered.  What  kind  of  food  is  best  adapted 
for  the  development  of  muscular,  what  for  nervous  force  ?  are  the  most  fiindaraental 
problems  of  physiology.  Previous  to  entering  into  detail,  however,  an  inquiry  should 
be  made  (if  for  nothing  else,  at  least  for  the  sake  of  justifying  the  asmmption  of  the 
applicability  of  the  conservation  of  forces  to  the  living  frame)  between  the  total  income 
And  total  expenditure  of  force.  This  will  be  most  conveniently  done  by  reducing  both 
to  units  of  neat.  The  determination  of  the  total  amount  of  force  e^;>snded  within 
*  given  time  by  an  animal  body  is  a  comparatively  easy  task.  For,  diverse  as  are  the 
various  manifestations  of  force  within  the  economy,  they  are  all  reduced,  before  they 
leave  the  body  as  expended  force,  into  two  modes  onl^,  namely  heat  sad  mechanical 
efiect,  the  quantity  leaving  the  body  as  electricity  being  probably  exceedingly  smalL 
Thufl  all  the  various  forces  which  we  class  together  under  the  name  of  nervous  force 
resolve  themselves,  after  all  their  multitudinous  wanderings  and  translbrmations,  into 
heat,  except  the  minute  fraction  which  may  be  supposed  to  be  carried  on  into  muscular 
action,  and  so  to  find  its  exit  as  mechanical  effort.  Muscular  action  too  loses  itself 
partly  as  mechanical  effect,  but  to  a  much  greater  amount  probably  as  heat.  All 
secretive  or  nutritive  action  again  goes  out  as  heat.  Heat  and  mechanical  movement 
are  in  fact  the  only  true  effeetua  of  the  animal  body.  Whoever  does  not  go  out  in  the  nne 
form,  issues  in  the  other.  Two  animals,  living  on  the  same  food,  aod  subject  to  the 
same  metamorphosis,  will  rise  to  the  same  amount  of  actual  energv,  and  yet  in  the  one 
a  large  amount  of  that  energy  may  assume  the  form  of  mechanical  eftct,  while  in  the 
other,  no  muscular  exertion  being  made,  it  nearly  all  ^oes  out  as  mere  heat,  which,  being 
dissipated  as  soon  as  generated,  causes  no  alteration  in  the  animal's  tenrperature. 
Hence  if  we  estimate  the  total  mechanical  effect  of  any  animal  during  a  given  time,  and 
the  total  amount  of  heat  given  off  at  the  same  time,  we  shall  obtain  tlM  total  amount 
of  expended  force.  This  may  readily  be  done  by  placing  an  animal  in  a  calorimeter, 
with  a  tread-wheel  for  determining  the  mechanical  effect  By  reducing  the  mechanical 
effect  to  units  of  heat,  and  adding  them  to  the  number  of  units  of  heat  denoted  by  the 
calorimeter,  we  arrive  at  the  total  expended  force  estimated  in  units  of  heat.  A 
calorimeter  is  doubtless  not  a  proper  home  for  an  animal,  and  therefore  probably  the 
result  of  the  experiment  will  not  give  accurately  the  normal  expenditure  of  the  natural 
animal,  seeing  how  sensitive  and  responsive  in  all  its  parts  is  the  animal  economy  to 
variations  of  temperature.     Yet  it  cannot  be  far  from  the  truth. 

The  estimation  of  the  total  force  of  the  income  is  a  much  more  difficult  task.  The 
units  of  heat  given  off  bv  the  combustion  of  each  article  of  food  have  to  be  determined, 
and  from  their  sum  total  has  to  be  deducted  the  number  of  units  of  heat  still  obtainable 
from  the  incompletely  oxidised  portion  of  the  excreta  belonging  properly  to  the  food 
in  question.  Unfortunately  this  at  present  has  not  been  accomplished.  It  has 
generally  been  deemed  sufficient  to  calculate  the  Intent  energy  of  any  alimentary 
substance  from  the  unita  of  heat  given  off  by  the  combustion  in  anuncombined  state. 
of  its  carbon  and  free  hydro^n.  This  however  (see  Heat)  leads  to  a  result  which  we 
may  safely  assume  as  being  incorrect,  without  knowing  how  for  it  erra  from  the  truth. 
Hence  the  failure  of  Dulong  and  Desprets  to  obtain  a  balance  between  the  actual 
heat  given  off  by  an  animal  during  a  given  time,  and  the  amount  calculated  as  due  to 
the  quantity  of  carbon  and  hydrogen  presumed  to  have  been  actually  oxidised  in  the 
system  during  that  time,  cannot  be  regarded  as  any  aigument  against  the  possibility  of 
obtaining  such  a  balance  with  great  exactitude  if  more  correct  methods  were  employifd* 
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Ubing,  hoverer,  such  impoifr<ct  nipana  in  tho  abKnce  of  better  oaes,  Hrlmholt 

culeuUtes  that'a  man  of  82  kiIogmi«.  weight  expends  in  24  hoDra  2.700,000  amto( 
heat,  of  which  2*6  ptireeiit.gooH  to  varmiugthefuodand  drink,  2*6  per  cent,  to  wanniii| 
the  air  of  respiration,  147  percent,  itt  lost  in  tJxe  fTapomtion  of  water  through  th 
lung^,  the  remiiind*T  77"6  per  cent  being  distributed  over  loss  by  urine  and  fieoee,  eT»- 
ponitiou  from  ^kia,  radiation  uud  conduction  tcstm  surface,  and  mechanical  effect. 

Lu  d  rig  calculates  the  mechanieal  <*ffect  of  a  good  day's  work  to  be  equivalent  only  i 
to  220,930  units  of  heat. 

Still  more  difficult  is  the  task  of  tracing  baekwarda  to  the  food  or  onwards  tolbt^ 
excreta,  any  of  the  special  kinds  uf  forct-s  ut  work  within  the  economy.      To  tak»»  fce 
instance  muacular  force,  as  one  of  the  simplrst,  it  may  be  UAke<i,  which  e'Icmcnt«  ofj 
food  contribute  solely  or  chiefly  to  its  production,  ana  which  of  the  elements  of  tbs  J 
egesta  may  be  taken  aa  the  index  of  itJi  occurrence.     The  Rev.  8.  Hanghton  (DuLUaI 
Quarterly  Medical  Journal,  1869,  I860),  taking  it  for  granted  that  the  nitrogen  of  ths  ] 
urine  and  fa>ces  represented  the  whole  mo&cular  or  mechanical,  nerrous  or  mental, 
and  nutritive  or  vital,  work  of  the  economy,  while  the  remaining  excreta  answered  to 
vhat  he  calls  the  opvt  ealorificum,  mado  the  following  investigation.     Having  d/'ter- 
ninnd  the  daily  excretion  j)ir  anum  ft  i^ncain  of  nitrogen  reiikoned  as  urea  in  a  aeries  j 
of  men  of  different  bodily  weights,  performing  different  mechanical  work,  ondei^iDg^l 
different  mcntiil  labour,  he  was  enabled  to  construct  a  series  of  eqnationa,  which  he 
solved  for  certain  valuos  which  it  was  desired  to  know.      Ho  thus  calculated  that  800 
grains  of  urea  represent  the  daily  nutritive  work  of  a  man  weighing  160  Iba. ;  that  136*6 
grains,  of  urea  represent  the  muscular  force  required  to  lift  160  lbs.  through  one  xnilc. 
a  hard  day's  work  ;  that  222  grains,  of  urea  represent  the  daily  mentAl  exertion  of  a 
man  of  business.     It  need  hardly  be  aaid,  however,  that  the  assumptions  on  which 
tht«e  calculations  are  based,  are  open  to  grave  objectiona. 

In  dc-aling  with  the  fitatics  of  thin  snhjecttho  word  flesh  was  used  to  dnnnte  the  total 
protein -cubt-tance  of  tho  body.  And  it  waa  only  in  this  wide  nenee  of  the  word  that 
urea  was  considered  as  the  result  of  the  metamorphot*iu  of  flesh.  It  is  true  rlmt  Bischof  and 
Toit  use  the  same  word  flesh  ns  synomymous  wit  h  musole,  but  rach  an  assumption  raM 
onnobasisoffact«.  Although  the  nf^rvous system  inBidderand  Schmidt  anaChoMat*! 
experiments  scpmcd  to  ^ufli■r  but  liltto  waste  in  inanition,  wc  cannot  for  that  reason 
conclude  that  during  Ufc  it  suffers  little  metamori)ho9is.  On  the  contrary,  it  is  impo^ 
sible,  with  the  general  views  by  whit-h  we  are  judging  the  whole  subject,  to  think 
otherwise  than  that  where  thon-  is  apparently  »o  mncn  production  of  force,  Lhcresboold 
also  be  much  change.      And  aa  fur  as  the  chnnge5  in  the  nervous  tissue  simplicale  the 

frotein  substances  therein  contained,  they  must  be  considered  as  giving  rise  to  urea. 
n  the  liver  again,  in  the  glands,  iind  in  all  the  other  organs  which  wo  may  («all  thn 
nutntive  organs,  wcmuataUo  (in  addition  to  the  changes  supposed  according  to  one  theory 
to  occur  in  the  digested  food  as  it  paast'S  through  or  comes  in  connection  with  thoM 
orgunfn  in  the  blood  current)  stippnsp  considerable,  it  might  almost  be  said,  exeeeaire 
metamorp]ictti.s  to  t»ke  place,  which,  in  so  far  iis  it  is  nitrogenous,  will  also  produce  urea. 
Hence  Uie  locui  amount  of  urea  cnnnut  be  taken  as  an  index  of  the  motamorphoeiB  of 
muscular  titnie  only.  Nor  can  wo  fairly  &asame  that  oven  a  laige  part  of  itia  to  be  so 
n^garded.  It  may  be  urged  tlint  muscular  tissue  forms  a  large  part  of  the  total  protein- 
substance  of  the  body,  tliat  we  have  every  reason  to  believe  that  it  suffers  great  and 
rapid  chang'-s.  But,  we  possess  no  exact  information  na  to  bow  large  a  share  in  its 
metaniorpliri(iif)  is  taken  by  its  nitrogenous  constituents  alone,  and  on  the  other  hand  we 
uri'  pimilurly  ignorant  of  the  intensity  of  nitrogenous  transformations  in  the  other  organs 
of  the  body.  It  is  true  that  in  muscular  tissue  we  And  creatine  and  creatinine,  and 
there  is  somo  reaaon  for  believing  that  they  (one  or  both)  are  inereai^ed  during  moacalar 
contraction  when  metamorphovis  is  presum<Hl  to  bn  incrtfiised;  but  the  physiological 
Ci>tmection  between  creatiuinn  or  creatine  and  urea  has  not  yet  been  fully  traced.  On 
the  contrary,  there  are  not  wanting  facts  indicating  the  closest  bonds  between  urea  and 
the  liver.  So  marked  indeed  are  they  that  the  action  of  the  lirj*r  has  been  called  in 
to  assist  the  theory  of  the  luxuw-consumption,  on  the  idea  that  the  changes  taking 
place  there  belong,  not  exactly  to  the  liver  itself,  but  to  the  blood  in  the  liver.  On  these 
[toints^  however,  our  infunnution  is  exeeedin^^ly  imperfect. 

Physiologist*  perhaps  err  in  being  apt  to  regard  the  proceeees  of  the  animal  body  as 
too  simple,  too  straightforward.  May  not  urea  nod  carbonic  acid  be,  nut  the  result  of 
a  splitting  up  and  facile  oxidation,  but  the  ends  of  a  long  serioe  of,  perhaps  back- 
ward and  forward  changcH,  so  that  the  point  or  place  where  each  is  first  detected  is 
not  necessarily  the  place  where  the  most  important  act  of  metamorphoaifl  takes  place? 

If  it  is  difficult  to  connect  urea  in  iiny  special  manner  with«the  metamorpliosis  of  mus- 
ealar  tissae,  it  is  still  more  diffii'ult  to  connect  it  with  the  exhibition  of  must^ular  force. 
If  urea  were  the  most  impcjrtant  protluet  of  muscular  metiimorphosia  and  muscular  me- 
tamorphosis the  most  important  source  of  urea,  then  since,  during  muscular  cuntractioo, 
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tTiP  inetamorphoaii  of  nmsculiir  stibfttAnce  is  prmmed,  on  apparently  Batiefoctor}*  grooiKlfl, 
U>  \>e  lurgfly  increaiie<l,  the  amount  of  ur«i  uJso  ought  tolw  largrly  incrfAfled  hy  luiiflcu' 
Ur  exertioD.  It  ia  true  that  under  thia  riow  lliero  will  always  be  in  the  urine  a 
tolf'mbly  Urg*  const^iLnt  qcantify  of  ores  due  to  tht  amount  of  muscuUr  exertion  em- 
ployed in  rincpral  moTements,  which  Tarie«  only  within  comparatively  narrow  limits. 
liv,t  auoh  an  amount  mtwt  bo  fully  overpowered  hy  an  excem  of  urea  due  to  violent  and 
long  continued  exerciee.  ObservationB  (Smith,  Yoit.SpecV,  Lehman  n)  on  theefTnct 
of  muBentiir  exertion  on  the  excretion  of  urea  are  not  unanimoua.  Yet,  even  when  allow- 
ance is  made  for  retention,  that  i*ifor  decreane  of  elimination  aa  compared  with  decrease 
of  fonnntion,  the  concloflion  may  fairly  he  drawn  that  exerctse  even  carried  to  exhaus- 
tion produces  an  increase  of  area  too  amall  to  be  regarded  in  anyway  u  an  eqairalent 
of  the  expended  muscaJar  force.  At  the  same  time  obserrers  are  equally  agreed  that 
inURCular  exertion  does  produce  a  very  large  increase  in  the  carbonic  acid  of  the  egesto. 
So  clearly  did  thi«  come  out  io  the  experimpntu  of  Dr.  E.  Smi  th,  that  that  gentleman 
believes  himself  juatifled  in  rccommenuing  an  addition  of  carbon  to  the  food  when  bodily 
exertion  ia  chIUhI  for.  It  has  been  urged  that  Voit  and  others,  by  simply  estimating 
the  urea  (with  uric  acid,  &c.)  in  their  experimentjt,  have  left  open  the  possibility  of  other 
nitrogenous  bodien  being  prespnt  in  large  quantities  on  such  occa«<iiins,  and  on  auch 
oocamons  only  in  the  urine.  But  theee  hypothetical  bodiea  have  never  been  detected, 
and  the  po^bility  of  (heir  existence  doea  not  negative  the  fact  of  the  increase  in  the 
carbonic  acid.  It.  mui^t  be  remembered  however  that  there  iain  the  living  muscle,  arfsn 
when  perfectly  at  rest,  an  active  metaroorphosifi  still  going  on,  P(*aulting  in  part  aa  elec- 
iTtclty,  Imt  finally  aa  heat.  Pcrhapa  even  during  the  very  act  of  contraction  (aa 
distinguished  from  the  conditions  immtdiut'ly  preceding  and  following)  there  is  not  so 
much  an  incretute  of  metaroorphoaia  ns  a  change  in  thedireclion  or  form  into  which  the 
energy  net  free  by  the  metamorpho'is  is  converted.  If  so  llie  carbonic  acid  would  be 
only  indirectly,  and  tlie  urea  not  at  all,  an  index  of  the  amount  of  expended  force,  while 
the  total  metamorphosis  of  the  muscular  ayatem  would  meaAure  possibilities  of  action 
rather  than  achi:il  achieveroontJi.  When  we  reflect  that  the  animal  body  considered  aa 
a  working  m.'tcbine  is  characteriyed  by  being  subject  to  sudden  calls  for  action  from 
every  quarter,  it  will  be  ejusjly  uudcrstoo<l  that  the  best  state  of  preparation  for  emergen- 
cies is  not  one  in  which  there  is  a  mere  atore  of  lut<?nt  energy,  but  one  in  which  force  ia 
continually  being  liberated  and  therefore  ready  at  a  moment's  notice  to  be  turned  in 
any  partlctiiar direction,  converted  into  any  particular  form.  This  of  course  implies 
that  for  every  mechitnical  effect,  a  large  amount  of  force  is  apent  in  a  non -mechanical 
manner,  nnd  therefore  apparently  lost  But  so  abondant  are  the  resources  of  the 
economy  for  the  uaingupof  this  wasted  force,  that  according  toHelmholtz,  while  the 
best  steam-engine  loses  nine-tenths  of  the  total  power  of  its  fuel,  the  human  body  is 
able  to  convert  into  mechanical  effect  one-fifth  of  the  total  power  of  its  food. 

Urea  then  cannot  l>e  taken  safely  as  a  measure  of  mechanical  worlc  done  by  the 
bodv;  with  still  less  safety  perhaps  can  it  be  taken  as  a  meaMure  of  the  mental 
woix.  And  as  it  is  impossible  at  present  to  trace  the  various  members  of  the 
egesta  back  to  the  Tarious  forma  of  vital  force,  ao  it  is  impOBsible  to  trace  the  latter 
back  to  the  various  Cfinstituents  of  food.  If  one  general  view  of  the  whole  vital 
ppowsses  can  be  regarded  as  more  likely  than  another,  it  is  perhaps  the  idea  that  the 
brute  force  of  the  economy,  bo  to  speak,  is  represented  by  the  carbon  (and  hydrogen)  of 
its  food,  while  the  nitrofrfu  is  mure  closely  concerned  with  internal  changes  by  which 
that  brute  force  isconvertwl  into  the  many  ^'arietiea  of  viUil  ent-pgy. 

Playfair  argues  that  onlj*  the  nitrogenous  alimentary  principles  are  canccmed  in 
the  production  of  muscular  (and  mental?)  force,  and  gives  culculationa  showing  that 
the  latent  ener]^  of  such  an  amount  of  albumin  as  is  uAually  consumed  by  active 
laKiurers  is  sumcient  to  acconnt  fur  (ho  actual  force.  lx)th  of  the  internal  muscular 
movements  and  of  the  external  "  usofal  worf  of  an  ordinary  man.  But  Carpenter 
hii8  made  calculations  which  lead  to  an  exactly  opposite  conctuaion  ;  and  H  n  u  g  n  t  o  n '  s 
equations,  as  far  as  thi'j*  can  Iw  trusted,  lend  to  support  the  view  that  the  force  o\ 
muscular  action  is  derived,  in  part  at  h-ast,  from  tht>  hydro- carlwns  or  carbo-hydKit** 
of  food.  So  long  aa  tlie  present  uncertainty  about  the  latent  energy  of  complex 
substances  continues,  and  so  long  im  the  evolution  of  heat  ia  not  observed  at  the  same 
time  that  the  development  of  mechanical  force  is  estimate  all  questions  of  "  dynamics'* 
must  remain  obscure. 

The  following  works  and  memoirs  may  be  consulted ; 

Barrat,  Statique  chimique  des  Animaux,  IBdO. 

Bidder  und  Schmidt,  Die  Verdaunngsafte  nod  der  Stoffweehael,  1862. 

Biscfaof  und  Voit,  Die  Gesetze  dor  EmiilLrung  des  Fleischfressera,  1890,  and 
their  Critic 

Vogt,  C,  lAoleachott's  Untenuchungen,  1869. 
Vol.  fv.  U 
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Cftrpent«r.  W.,  On  the  Mutual  RelatiooB  of  the  Physical  uid  TitAl  Forceii,  PU. 
Trant.  1860.  and  Quarttrlff  Journal  of  Scimce,  1864. 

GrooTAD,  F&tteraogs-Varmche,  1894. 

Hammond,  Bcsearchon  on  Food,  1867. 

Hildeaheim,  Die  Nonnol  Diiit,  1856. 

HeoDeberg  und  Stobmann,  Fattening  d«r  W^iedCT-kAuer,  1860. 

Lawes  aotl  Gilbert,  Composition   of  Aatmala  slaughtered   for    Human 
PhV,  Traru.  1860,  and  Dumorons  papers  lo  the  Journal  of  the  Royal  At 
Society. 

Moleichott,  Phjffiologie  der  NahruDgnnitt«l,  1869;  abso  ICreislanf  des 

Pay  en,  Des  Substances  AUmentairett,  4th.  ed.  1866. 

Farkea.  Urine,  1860. 

Pettenkofer  u.  Voit,  Respiration.  Annaifn  der  CkemM  und  Pkarmaeu,  \99i, 
BnppL  iL 

Play  fair,  The  Food  of  Man  in  wOation  to  hi*  Ueeful  Work.  1866. 

Banke,  J.,  KohlenstoflT  and  Stickntoff-Aaascheidung  der  ruhendeo  Meaadun. 
Arch./.  Anat.  u.  Ph^a.  1862. 

Savory,  Usee  of  Food,  Phil.  Tram.  1862. 

Smith,  E.,  Respiration,  PkU.  Trans.  1869;  Urea,  PhU.  Trans.  1861.  On  Om 
Food  of  the  Labouring  Claaaefl.  Sixth  Report  of  Mrdicai  OJicer  of  Priifjf  Covmei^ 
1864  ;  and  other  papers  in  Brit.  Assoo.  Rrpori*  and  elsewhere. 

Voit.  PhyNiol(^sch-oh«mi»cbe  Unterauchnngen,  1867. 

Ueber  den  EinAuM  dea  Kochaalzea,  dcs  Kaffeca  nnd  der  Muskel-bewegung  waf  dea 
BtofEwech  sel,  1660.  Ueber  den  Stickatoff-Krcialauf  im  thieriacben  Orgaaiamn^  ^«jl 
CI.  Pharm.  1863.  SuppL  ii 

BLF. 

WTliZTZOJr  or  VUUrrs.— The  Nutrition  of  Planta,  like  that  of  A^nimala,  msj 
be  studied  in  accordance  with  the  doctrine  of  the  ConscTTation  of  Force,  in  rtfereoce  to 
tbp  mutual  reUtiona  of  iacome,  eapitai,  and  expenditure.  At  the  first  glance,  however, 
a  n'mnrkable  difference  may  be  observed  between  the  two  kingdoms.  In  the  oaae  of 
animals,  the  income  coofiifats  almost  entirely  offeree  aaBociatea  with  mutmal  as  lat«nt 
energy ;  in  the  caae  of  planta.  the  income  is  composed  to  a  preponderating  extent  of 
actuiil  enei^  in  the  form  d  finree  derived  directly  from  the  sun,  and  of  material 
aaaociated  with  as  small  an  amount  as  poiible  of  latent  energy.  With  aDimsla  then 
is  snch  ft  large  constant  expenditure  of  force  in  the  shape  of  actual  energy,  truch  a  laige 
concomitant  waate  of  effete  mLaterial  that  even  in  the  caae  of  thoae  animala  which  are 
purposely  fed  with  a  view  to  increaae  of  capital,  thut  part  of  the  income  which  is  stored  in 
from  time  to  time  as  increase  of  material  and  latent  energy,  bears  an  exceedingly  small 
injportion  to  that  part  which  goes  to  bwpII  the  expenditure;  with  planta  the  amount 

th  of  furcp  and  material  continually  expended  is  so  slight  that  by  far  the  grr<nt«r 
part  of  each  accession  of  income  is  retained  aa  increaae  of  capital.  With  moat  animals 
the  value  of  the  capital  dependa  almost  entirely  on  the  amonnt  of  actual  energy  it  is 
able  to  supply  when  occasion  demands  ;  with  nearly  all  plants  the  value  of  the  cafHtal 
ia  expreasMi  almost  rtxuctly  by  the  amount  of  latent  energy  ita  material  rei>r<«s«i)ts. 
Animals  are  machines  for  the  eonvcTaion  of  latent  enerey  into  various  modes  of  actual 
force  ;  planta  are  macbinea  fur  converting  the  oue  actual  force  of  the  sun  into  Tixioaa 
coUectiomf  of  latent  energy.  We  may,  using  the  while  very  general  terms,  speak  at  a 
circulation  of  force  and  mat«rial  through  the  world.  Light  (heat),  carbonic  add,  wat«r, 
and  nmmoDia,  enter  into  the  rentable  kingdom,  and  reappear  as  protein  ;  earbo- 
hydraten  and  oxygen  enter  the  animal  kingdom,  and  reappear  aa  heat  and  mechfuiical 
effect  uu  the  one  hand,  and  att  carbouJC  acid,  water,  and  aniTuoniR  (urea)  on  the  other. 
In  the  third  or  lanrgunic  kingdom,  the  carbonic  add,  ammonia,  heat,  and  mechanical 
eSR^t  are  driven  from  thfir  place  of  birth  by  distributive  forces  and  scattered  over  the 
globe.     Thence  in  turn  the  vegetable  kiogdom  draws  in  part  ita  iccomo. 

Such  a  difltinction  bftwi<en  thf  animal  and  vegetable  world,  though  satisfactory  as  a 
broad  gcnertUiAation,  must  not  however  be  taken  as  strictly  true.  The  one  kind  of  Hfe 
IS  not  eiaetly  the  inversf  of  thi?  other.  On  the  contrary,  in  order  to  include  all  vital 
plicnomena,  we  mufft  imagine  each  to  cunsiat  of  two  processes  ;  the  one  dcfitnictive  and 
remilting  in  the  liberation  of  actual  force,  the  other  constructive  and  leading  to  the 
acrumalation  of  lati^nt  energy.  In  the  on©  life,  one  procens  is  predominant ;  in  the 
other,  the  other.  Thus  animaH  while  for  the  most  part  they  absorb  lafent  energy  in 
the  form  of  food  and  expend  tt  chiefly  as  actual  force,  are  yet  at  the  aamo  time  engaged 
during  th?  whole  of  their  lives,  in  tncreaaing  and  concentrating,  ao  to  speak,  by  par- 
lieular  applications  ofa  portion  of  their  total  force,  the  amount  of  lat'^nten*-rgy  of  eoroe 
of  the  materials  of  (heir  food  through  the  process  called  asaimilation.  Ihiringtheeariy 
stage«oftheirexistence,whltethejaregrowing,fhey  dothisto  a  very  marked  degree;  and 
at  somA  periods  (incubation)  they  receive,  and  convert  into  temp^^rary  latent  energy,  a 
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quantity  of  actual  force  in  the  shapeof  heat  So  plants,  though  their  chief  function  ib  to 
employ  solar  energy  in  decomposing  carbonic  acid  and  water  with  liberation  of  oxygen, 
and  thus  to  construct  elaborate  compounds  of  carbon,  hydrogen,  nitrogen,  and  usi^gen, 
as  seats  of  latent  energy,  neyertheless  &om  time  to  time  consome  those  very  compounds, 
absorbing  oxygen,  fonniz^  carbonic  acid  and  giving  off  actual  force  in  the  shape  of 
heat  For  instance,  during  germination,  flowering  and  fruiting,  there  is  always  oxioatior 
going  on,  and  even  a  considerable  amount  of  heat  thrown  out ;  and  during  the  whole  life 
of  a  plant,  those  parts  which  are  not  green  are  always  occupied  in  forming  and  exhaling 
carbonic  acid,  and  those  which  are  green  behave  in  the  same  way  when  Ught  is  absent, 
■0  that  the  total  amount  of  oxidation  going  on  in  a  plant  is  Tezy  considerable.  The 
income  of  plants  consists  partly  of  force,  partly  of  matecriaL  Force  is  supplied  almost 
entirely  in  the  form  of  solar  energy.  Part  of  the  energy  so  receired  may  be  considered 
as  acting  simply  as  heat,  since,  for  the  oi^anic  processes  of  vegetable  as  of  animal  life, 
a  certain  temperature  is  necessary.  In  tiie  majority  of  animus,  however,  an  internal 
aonrce  of  heat  renders  the  thennal  influence  of  the  sun  of  subordinate  importance. 
Plants,  on  the  other  hand,  are  more  directly  dependent  on  solar  warmth,  their  own  caloric 
production  being,  as  a  whole,  very  limited.  But  by  far  the  most  important  function  of 
the  solar  energy  received  by  plants  is  that  peculiar  one  whereby  sun-light,  acting  on 
the  green  or  chlorophyll-coDtaining  organs,  deoxidises  carbonic  add  and  water,  and 
thus  enters  as  latent  energy  into  the  various  vegetable  organic  compounds.  As  by  the 
onion  of  carbon  and  hydrogen  with  oxygen  to  form  carbonic  add  and  water,  a  certain 
amount  of  actual  energy  is  set  free,  so  in  the  reverse  process  a  coiresponding  amount 
of  energy  becomes  latent.  The  latent  energy  possessed  by  vegetable  products  and  ex- 
hibited through  either  combustion  or  alimentation  is  simply  energy  derived  from  the 
■un  and  appropriately  converted  during  the  life  of  the  plant. 

The  materiiUs  of  the  income  of  a  plimt  are  derived  partly  from  the  soil,  partly  firom 
the  atmosphere. 

Those  bodies  which  are  drawn  irom  the  soil  are  said  to  be  absorbed  by  the  roots. 
Into  a  mass  of  soil,  the  roots  of  a  plant  spread  during  its  growth  in  various  directions,  and 
•xtract  therefrom  certain  constituents  by  virtue  of  proceMee  as  yet  not  folly  understood. 
This  absorption  has  a  "selective*'  character.  One  plant  will  absorb  certain  constituents 
In  given  proportions;  another,  the  same  constituents  in  different  proportions  or  different 
oonstituents.  So,  out  of  a  given  mixture,  a  plant  will  by  no  means  absorb  to  the 
largest  extent  those  substances  which  are  present  in  greatest  abundance.  Marine 
plants  growing  in  a  fluid  containing  a  great  excess  of  sodium,  themselves  contain  a  great 
excess  of  potash.  lAnd  plants  contain  but  little  aluminium,  though  that  body  exists 
in  large  quantities  in  most  soils.  Aquatic  plants,  whose  soil  is  a  fluid,  of  course  absorb 
their  soil-derived  constituents  from  solutions.  Land  plants  may  also  be  mode  to  do 
the  same  thing.  Thus  ^ohmann  (Ann.  Ch.  Fharm.  cxxi.  a  285)  grew  maize-plants 
in  pure  saline  solutions.  It  may  fairly  be  presumed  that  all  the  bodies  absorbed  by 
the  roots  are  in  some  way  or  other  dissolved  before  they  actually  pass  into  the  plant. 
Hmce  substances  in  order  to  be  of  any  nutritive  value  must  be  capable  of  solution.  But 
it  does  not  follow  that  they  must  necessarily  exist  in  a  state  of  aqueous  solution  in  the 
■oil  itself  before  they  can  be  absorbed.  On  the  contrary,  ordinary  soil  seems  to  have 
a  peculiar  power  of  withdrawing  saline  materials  from  their  aqueous  solutions,  and  of 
retaining  them  in  some  peculiar  physical  combination  with  itself.  And  the  ei^riments 
of  Nageli  and  Zoller  on  the  growth  of  beans  in  powdered  turf  saturated  to  a  variable 
extent  with  saline  matters,  seem  to  show  that  saline  nutritive  elements  are  absorbed 
not  directly  from  aqueous  solutions  percolating  the  earth,  but  indirectly  through  the 
agency  of  title  soil 

Of  the  substances  thus  absorbed  by  the  roots  the  so-called  "  mineral"  matters  form  a 
lar^  proportion.  The  most  important  and  wide  spread  are  potash,  soda,  lime,  mag- 
nesia, and  iron,  with  phosphoric,  sulphuric,  hydrochloric,  and  siHdc  adds.  Lees  universal 
but  still  common  are  iodine,  alumina,  manganese.  JMbre  rare,  and  probably  in  many 
eases  a(»ndental,  are  bromine,  boron,  copper,  silver,  sine,  lead,  tin,  cobalt,  nickel, 
strontium,  barium.  To  these  may  be  add«l  lithium,  and  some  of  the  newly  discovered 
metals.     Water  is  of  course  absorbed  from  the  soil 

Nitric  add  and  ammonia  are  also  absorbed  from  the  soiL  These  may  have  arisen 
from  the  decon^xwition  of  organic  matters  present  in  the  soil  as  natural  or  artificial 
manures,  or  may  have  been  brought  down  from  the  atmosphere  by  rain.  It  has  been 
suggested  (Vo  Ike  r,  Cloes)  that  nitric  add  is  the  particular  shape  in  which  nitrogenous 
material  is  absorbed  by  plants,  all  other  nitxogenoos  substances  (induding  ammonia) 
being  reduced  to  that  form,  previous  to  absoiption.  There  appears  to  be  no  evidence 
that  organic  nitrogen-compounds  are  absorbed  as  such  except  it  be  in  the  case  of  fungi 
and  certain  parasites. 

Carbonic  add  may  be  taken  up  from  the  soiL  Lastly,  there  are  in  all  soils  repre- 
•entatives  of  the  class  of  bodies  known  under  the  collective  name  of  kumtu.    It  is 
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gt'nerully  thonght  that  htuniui  is  not  ubsorbed  as  such,  but  act^  1»cn<'fl^IaJIj'  in  awtl  of 
prrparatory  munncr  on  soils,  by  mcADS  of  the  acids  arieing  from  it»  tiecompocitioft. 
Kieter  howevrr  maintflins  that  hamua  is  absorbnd  and  aMimiUted  by  plants. 

The  kind  of  inat«nal  dfhred  from  thr  air  is  not  tlie  samo  nader  afl  cinrumatancfc 
Under  the  action  of  light  thf*  green  parts  of  the  planta  alworb  cairbonic  acid  ;  in  dark- 
Bess  thejr  ceave  to  do  so,  tiiking  up  ox^rg^n  instrad.  Tho»c  parU  which  are  oot  grer* 
abcorb  oxygen  under  all  rirrumstances.  That  this  absorption  of  oxygen  is  au  ft<i 
necessary  to  life  is  shown  by  th^  fact  that  plants  kept  in  darkness  (and  tb^rffbre  anaUr 
tbemselrefl  to  gire  out  oxygen)  in  an  atmosphere  Toid  of  \>x^-gT>n.  perish. 

It  hafl  been  nmch  debated  whether  planlB  absorb  in  any  way  nitn>tren  directly  from  ilir 
atraoflpbero.  There  appears  to  be  no  exact  knowledge  as  to  the  power  of  pUnU  t* 
absorb  combined  nitrogen  (ammonia^  &c.)  directly  firom  rhe  atmosphere,  as  diatinguislwd 
from  that  obtained  from  the  same  source  through  the  intcnuediate  agency  of  the  eud. 
Afl  reearda  free  nitrogen,  BouBsingauU  (Aniioleflde  Chim.  ct  Fhys.  1856,  &c)  i-on- 
daden  from  his  experimenfi  that  there  wivn  ^OHlworp^ion.  Y  ille  uid  otheni  maintaia 
the  contrary,  Lawes  and  Gilbert  (Phil  Trans.  1861  ;  Chem.  Soc.  J.  xri.  100) 
support  the  views  of  BouHsinguulL  The  laat-nientione<l  obaervere  n*«TBrtbeIea»  «lai* 
that  the  quantity  of  nitrogen  bpjught  down  to  the  soil  from  the  atmosphere  by  ths 
annual  rain  will  ooly  account  for  a  fraction  of  the  nitrogen  carried  ofT  bv  the  aiiDB«l 
eropa,  and  infer  that  in  the  absence  of  nitrogenoos  manures  thfre  woold  «ocni  to  b* 
some  otheraayet  unnoticed  source  of  nitrogen.  Liebig  {Naturai  Laws  of  Hus^tmidrp, 
ed.  Btyth,  292)  hnwerer  maintains  that  the  atmospheric  nitric  acid  and  ammonia  are 
Bofflciont  for  ordinary  vegetable  purposee,  and  oven  that  (through  cultivation)  sa 
accumulation  of  nitrogen  in  the  soil  has  taken  place.  The  ol>»en'atiun  of  Schoobria 
that  nitrite  of  ammonia  is  produced  during  oxidation  taking  place  in  the  atmosph«cts 
has  suggested  a  source  of  abundant  supplies  of  nitrc^nous  food  for  plants. 

The  capital  of  a  plant  consists  of  the  so-called  vegt-t^ible  products.  The  chief  of 
these  are  protein-matters,  cellulofle,  starch,  dextrin,  sugar,  gutn,  pectin,  chlorophyll, 
organic  aeidn,  fatty,  waxy,  resinous  bodies,  tannin,  &c.,  &c.  All  these  are  so  many 
collections  of  latent  enegy,  and  available  for  food  or  fuel.  Thoy  are  DCJirly  all  of  them 
present  in  every  piftnt,  and  eonstituie  the  main  part  of  the  onpital  properly  so  nodo^ 
stood.  Besides  tbcAc  bodies,  however,  there  are  innumerable  other  compounds,  of  mors 
or  less  frequent  occurrence,  possessing  a  greater  or  smaller  amount  of  latent  energy, 
eome  of  them  perhaps  particular  stages  tluY)ugh  which  the  material  of  the  phint  passes 
in  its  progressive  metamorphosefi,  others  muet  probably  the  products  of  a  retrograde 
meturatiriihosifi  or  oS'-shoota  of  either  process.  These  last  two  kinds  may  fairly  be 
lironght  under  thr  designation  of  nxcrctions,  and  ought  therefnro  to  be  roneidered  as  the 
WSffte  material  of  expenditure  nither  than  as  belonging  rightfully  to  the  capital. 

One  sulifitance  spoken  of  as  protoplasm,  a  mixture  of  various  nitrogenoas  and 
non-nitrogenous  compounds,  occurs  largely  in  all  growing  parts,  and  may  be  r(^ard"d 
as  a  sort  of  middle  term,  to  which  a  large  part  of  the  income  tends  and  from  which 
various  items  of  capital  nnse. 

Of  the  pxpenditnrc  nf  a  plant,  a  very  limited  amount  consists  of  actual  force.  Id  the 
lowest  forms  of  vegi<tabb'  life  locomotion  is  at  times  witDessfd,  and  some  of  thf  higher 
ptara^  exhibit  oecannnul  movements  in  their  so-called  irritable  parts.  In  these  cases 
a  certain  nmount  of  force  is  lost  as  mechanical  effect.  And  tn  all  plants  the  act  of 
growth,  the  transfrrv'noe  and  suiitentation  of  material  in  vunous  directions  must  be 
cmjsidered  as  an  expenditure  of  mechanical  force. 

A  constant  but  small  loas  of  force  in  the  form  of  evolved  heat  mm»t  also  be  admitted. 
XTnder  ordinary  circumstances  ttiia  is  almost  iusigniticunt ;  on  certain  0fea.<iions,  howevw. 
it  eomfs  forward  into  great  prominence.  Thus  in  grnuiniilion,  a  very  cousiderahta 
amount  of  heat  i;*  given  out^  and  when  many  germinating  sced^  are  collected  in  a  hei«^ 
Bsin  malting,  the  thermometer  placed  among  them  may  rise  to  110°  F.  During  flowericg 
b1.*o  heiit  is  cvolvpd.  In  tli*'  spadii'es  of  the  Arum  tribe  in  particular  the  thermomftt'r, 
it  is  said,  will  iitaEid  20'^  or  SO'^  F.  above  the  tompeniture  of  the  surToundiug  air.  In  all 
CI1908  the  evolution  of  heat  is  closely  connected  with  the  absorption  of  oxygen  and  the 
exhalation  of  carbonic  (icid. 

Of  the  material  thrown  off  by  plants,  besides  water,  the  largest  portion  consists  of 
oxygen  given  out  by  the  green  sui^ioei  under  the  influence  of  light.  A  smaller  portion 
consists  of  carbonic  acid  given  off*  by  the  parts  that  are  not  green  at  all  limes  and  by 
the  green  parts  in  darkness. 

Aocordingto  Cloer  (Ann.  Sciences.  Nat  Bo t.  [iv.]  ix.)  the  yellow  and  red  portions  of 
particoloured  leavesdoQOtgive  off  oxygen.  Tbeamount  of  carbonic  acid  exhaled  intlark- 
oesR  isgreater  when  thesnrrounding  temperature  i.s  higher  (Core  n  winder,  Anri.Si'ionc. 
Kut^Bot.[v.]  ltp.2Q7).  Duringgcrmination,  flowering,  and  fruilingihfreia  hm.  iocrease 
in  the  excretion  of  cnrbotiic  aciiL  ^aussure  thought  that  eoiiMderabli^  quantities  of 
fiitrogen  were  evolved  by  the  leaves  of  plants  while  carbonic  acid  was  being  dec<impo&ed; 
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and  Draper  came  to  the  same  eondusion.  But  Bonssingault  (Ann.  Scienc  Nat. 
Bot.  [ir.]  zri.)  maiDtains  that  such  is  not  the  case^  having  found  reaaon  to  believe  that 
the  Inarea  of  plants  (at  least  of  submerged  plants)  in  sunshine  give  off  appreciable 
quantities  of  carbonic  oxide  and  marsh-gas.  Cloex  however,  who  with  Oratiolet 
{ibid,  [ill]  xxxii.)  httd  previously  found  decided  quantities  of  nitrogen  to  be  exhaled  by 
the  leaves  of  the  Pvtamoffftim  perfoiiaius,  reaaaertB  {ibid,  [iv.]  xx.)  the  fact  of  the  exhala- 
tion uf  nitrogen,  and  denies  thf  excretion  of  carbonic  oxide.  The  observations  of  La  wee 
and  Gilbert  oppow,  as  £ir  us  they  go,  the  idea  of  nitrogen  being  exhaled.  Many 
plants  give  off  minute  quantities  of  volatile  hydrocarbons  in  the  form  of  odours.  To  the 
aetion  uf  these  emanations,  the  presence  of  osone  in  the  neighbourhood  of  plants  has 
been  attributed. 

It  has  been  much  debated  whether  or  no,  or  to  what  extent,  matters  are  excreted  by 
the  roots  of  plants.  Tlie  beneficiul  or  injurious  effects  which  the  growth  of  certaia 
crops  seems  to  exert  on  the  vegetation  uf  othej  crops,  subsequently  grown  on  the  some 
BPuund,  have  been  attribute<l  to  an  accumulation  in  the  soil  of  matters  excreted  by 
uie  roots  of  the  first  crops.  Moet  of  these  facta,  however,  may  be  otherwiae  explained. 
Direct  experiments  have  led  to  uontrudictory  results,  and  those  which  seem  to  affirm 
the  exiutence  of  an  excretive  functinn  Imve  been  explained  away  bv  supposing  the  roots 
in  such  cases  to  have  been  injured.  Cauvet  (Ann.  Scienc.  Nat.  iJot  fiT.]  xv.)  decides 
that  the  roots  of  plants,  when  Hound,  do  not  throw  off  any  part  of  either  poisonous  or 
innocuous  sulwtances  taken  in  by  the  plant  in  any  way. 

The  class  of  Fungi  and  the  leafless  Parasites  differ  materially  in  their  vital  pheno- 
mena from  other  pbints,  and  in  some  rfrspects  closely  resemble  animals.  They  receive 
little  or  no  solar  eneigy ;  they  do  not  consume  carbonic  acid ;  they  do  not  give  off 
oxygen ;  they  do  not  live  on  simple  compounds  of  carbon  and  of  nitn^un.  On  the 
eontrary,  they  live  either  on  decomposing  oiganie  matter  or  on  the  elaborated  juices  of 
plants,  and  they  absorb  oxy^n  from  the  atmosphere,  giving  back  carbonic  acid  in 
return.  They  mffer  from  animals  inasmuch  as  tiiey  expend  but  little  force  either  in 
movement  or  as  heat  The  force  they  absorb  in  their  nutriment  still  remains  for 
the  most  part  within  Uieir  bodies  as  latent  energy.  Hence  the  rapid  growth  of  many 
of  them. 

It  is  evidently  not  within  our  present  powers  to  draw  a  balance  berween  the  amount 
of  force  received  by  a  plant  as  income  on  the  one  hand,  and  the  latent  energy 
possessed  by  the  plant  itself  plus  the  fraction  expended  daring  its  life-time  on  the 
otiier.  This  only  is  clear,  that  the  solar  energy  is  more  than  sufficient  to  account  for 
the  vegetable  power.  Helmholtz  (Lectures  Med.  Gaz.  1864,  i.  p.  499),  mating  a 
comparison  between  the  total  amount  of  solar  energy  falling  on  an  acre  of  ground  during 
the  year,  and  the  amount  of  force  derivable  from  the  plants  grown  on  that  acre  during 
the  same  time,  finds  the  latter  only  f^ffth  part  of  the  former. 

The  obstacles  attending  any  attempt  to  draw  a  balance  of  material  are  also  much 
greater  than  is  the  case  with  animals,  since,  in  addition  to  atmospheric  difficulties, 
trouble  is  met  with  in  the  fact  that  a  plan^  in  order  to  flourish  naturally,  must  be 
placed  in  a  soil  of  a  most  complex  character,  out  of  which  it  extracts  only  a  small 
portion  for  its  own  use.  But  such  a  balance,  though  wholly  necessary  for  the  purposa 
of  investigating  the  nutntion  of  animals,  is  almost  superfluous  in  the  case  of  plants, 
■ince  with  the  latter  a  different  method  of  observation  may  be  adopted.  Instead  of 
inferring  the  state  of  the  capital  from  a  «>mparison  between  income  and  waste,  we  can 
in  deahng  with  plants,  make  a  direct  analysis  of  the  capital^  and  so  determine  the 
variations  it  from  time  to  time  suffers  through  changes  in  the  income;  for  those 
plants,  concerning  whose  nutrition  knowledge  is  most  desirable,  being  generally  grown 
u  crops,  a  sufficient  number  of  specimens  can  always  readily  be  taken  for  examination. 

The  income  may  be  roughly  considered  as  consisting  of  three  chief  factors,  solar 
energy,  carbonic  acid,  and  soil  materials  (including,  as  aqueous  soil,  the  water  in  whieh 
aquatic  plants  live),  and  the  process  of  nutrition  as  a  fonction  of  all  three.  The  total 
£ulure  of  any  one  of  the  uiree  entails  a  speedy  death;  the  comparative  failure 
diminishes  growth ;  increase  of  any  one  of  the  three  augments  the  nutrition  of  the 

Slant  within  certain  limits.  The  accumulation  of  vegetable  products  of  all  kinds  is 
ependent  upon  each  and  all  of  these  factors.  Thus  the  presence  of  carbonic  acid  is 
necessary  for  the  development  not  only  of  carbon,  but  also  of  nitrogen-compounds, 
and  inversely  the  amount  of  carbo-hydnites  stored  up  by  a  plant  will  depend  upon  the 
nitrc^n  as  well  as  the  carbon  of  its  food. 

Seeing  that  plants  are,  in  a  broad  sense,  store-houses  of  carbon,  the  importance  of 
carbonic  acid  (whether  derived  from  air  or  soil)  as  a  factor  of  nutrition  cannot  be  ove> 
looked.  Plants  entirely  deprived  of  carbonic  acid  cease  to  live,  while  an  increase  of 
that  body  increases  vegetation.  A  limit  however  to  the  beneficial  results  of  increase 
in  the  carbonic  acid  of  the  atmobphera  suzronnding  plants  ia  soon  zvachad,  sinca 
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oxygen  also  is  %  nwetmry  element  of  regetmble  life,  and  to  the  respiration,  aa  ftl 
been  called,  of  plaDtti  lu  to  that  of  oatmal*,  more  than  r  certain  percentage  of  eari 
acid  in  the  air  10  ii\)anous.  The  prrsencc  of  light  is  shAoIutcIy  cmentifiJ  to  the  1 
iDoUtion  of  tKBh  material  in  the  body  of  a  plant  In  its  absence  the  oxidiiring  pro- 
oeMea  become  prominent  and  a  certain  amount  of  morphological  change  and  erefl 
ebemical  transformation  of  material  can  take  place.  Thia  is  worj  vail  ahown 
by  the  ejEperimentn  of  BouBsiugault  (Ann.  Sc.  Nat.  [v.]  i.  p.  314)  on  besaa  grown 
on  a  prepared  soil  in  light  and  in  darknesa.  In  the  light,  a  seed  weighing  *922  gm. 
grew  in  25  days  to  a  plant  whose  dry  weight  was  I '293  grm.,  showing  an  increase  of 
'371  grm.  which  consi^trd  of  -1026  grm.  carbon,  02  grm.  hydrogen,  and  *159] 
oxygen.  In  the  dark  a  seed  weighing  *926  grm.  grew  in  the  same  time  and  nnd^r  ths 
■ame  conditions,  except  those  of  light,  to  a  pluit  weighing  when  dried,  '566  grm^ 
showing  a  loss  of  '360  grm.,  which  consisted  of  *1598  carbon,  '0332  hydrogen,  '1766 
oxygen.  In  the  light  there  was  a  storing  np  of  the  elements  of  carbonic  acid  asid 
wster ;  in  the  dark  a  vaste  of  the  same.  In  the  light  the  deoxidising  or  purely  regr- 
table  process  was  prpdominant;  in  the  dark  the  oxidising  or  purely  animal  pfoceai 
The  Utter  supplied  the  force  requisite  for  the  partial  development  of  the  plant.  Tbs 
nature  of  the  chemical  transformations  taking  place  in  aarknvss  is  shown  by  the 
following  composition  of  beans  and  bnan  plants  after  21  days'  growth  in  darkness : 


Ssed.        TotaJ  wdght.       fltsrcb.         Sugar.       CeUuloM.         Oil. 


Kltrofenous 
mftttor. 


MfD«nl 


Seed      .        .     B-636  6-386  .     .  *ffl6  '463  -880  -]6« 

Flanfc  (dried).    4-629  '777  -963  1316  '150  '880  *166 

There  waa  therefore  a  production  of  cellulose  ont  of  starch  during  darkness.  The  iidla- 
ence  of  the  absence  or  preeence  of  light  on  the  development  of  various  regetable  pro- 
ducts, particularly  of  those  which  may  be  regarded  as  retained  excretions,  such  aa  the 
alkuloids,  is  well  known.  Boussingault  reguds  the  asparagine  which  is  accumulated 
in  Wans  growing  in  daiteess  aa  the  regetable  physiological  analogue  of  the  animal  tire&. 

The  ttoil-muterialamay  be  divided  into  the  ''nitrogenous"  and  "  minToL"  Nitrogen 
IB  an  essential  element  in  the  food  of  plunta,  and  as  we  have  seen,  is  probably  derived 
from  the  soil.  Though  the  quantity  of  it  preient  in  the  seed  may  in  many  caaee  nerve 
lor  the  tmrposes  a(  nutririun  until  the  plnnt  has  arrived  at  a  considerable  bulk  and 
mccumuiatfdalarge  slock  of  carbon-compoundH,  a  limit  is  at  laat  reached  beyond  which, 
without  a  further  supply  of  nitrogen,  no  furthor  growth  can  take  place.  This  is  very 
well  shown  Iw  the  experiments  of  Stohmann  {ioc.  cit,)  and  of  Lawee  and  Gilb<Tt 
(/or.  cit.).  The  rt«ul[s  of  the  lost  obsprvers  show  a  very  close  connection  between  the 
prp»«ence  of  nitrogenous  bodies  (ammonia)  in  the  soil  and  the  accumulation  in  the  plant 
sot  unly  of  nitrogen  hut  also  of  carbon-compuunds.  The  incresse  in  cftrbohydrat«i»  is 
however  by  no  means  proportionate  to  the  gain  in  nitrocen.  A  large  anioimt  of  thi> 
former  is  very  often  amassed  by  meanB  of  a  very  small  qaantity  of  the  latter.  In 
auinialfi  nitrogen  is  always  in  tlie  foreground,  and  is,  so  to  Kpeak,  the  guide  and 
governor  of  the  tutal  metamorphosis;  in  plants  nitrogen  is  in  tho  bock -ground,  and  is, 
as  fur  as  quantity  is  coQct-rned,  the  meanest  of  the  factors  of  nutrition. 

"  Mineral  nuitters."  on  the  contrary,  while  they  hold  a  very  subordinate  position  aa 
food'flem&Dts  in  the  case  of  animals,  are  of  primary  importance  for  the  nutrition  of 
plants.  Tbeir  influence  is  very  clearly  shown  by  ^iwing  a  plnnt  in  diHtillftl  water  or 
prepared  soiL  For  a  while  Uiere  may  be  obaervt^i  a  growth  consisting  partly  in  the 
transformation  of  the  crrfitents  of  thf  »eed  and  partly  in  the  storing  iipnf  n»'w  mat«rial 
tiuough  the  agency  of  the  unoccupied  mineral  mutter  th^ire  nooumulnted  ;  but.  as  soon 
•B  these  are  exhausted,  no  new  ntuff  in  formed  and  the  plant  thereupon  speedily  periabeti 
All  plants  have  not  the  same  mineral  coD^tituontB.  each  species  seeming  to  make  a 
qualitative  and  quantitative  selection  from  the  Noil  uf  material  bent  fitted  for  its  wel- 
fare. So  fundamental  ia  this  law  that  plants  are  often  sjKiken  of  aa  lime-plouts,  stli- 
eioufi  pknta,  potash-plants,  &c.  And  r^tohmann  (/or.  cit.)  hus  shown  by  direct 
experiments  th^t,  in  the  case  of  maize  for  instance^  all  thn  mineral  food  elements  have 
an  independent  value,  that  potash  cannot  Hupply  the  place  of  soda,  nor  magnesia  that 
of  Lime,  nor  lime  that  of  magnesia.  But,  chough  all  the  mineral  coustiLuents  of  a  plant 
ara  neeeuaxy  for  its  growth,  they  are  not  uU  uf  tquuL  value  as  factors  of  nutrition.  The 
ashes  of  a  plant  are  not,  like  the  skeleton  of  an  untmol,  merely  the  framework  of  its 
body;  minerals  are  not  absorbed  from  the  soil  i^imply  for  the  puqione  of  building  up 
such  a  fiumework.  On  the  contrary,  they  are  closely  interwoven  with  and  intimately 
connected  with  the  fonnatioD  of  organic  compounds,  and  their  chief  f^inction  in  the 
vegetable  economy  is  to  assist  in  the  construction  of  tliose  compoundH.  In  other  words, 
the  ip^wth  of  u  pljiiit,  tbst  is  more  particularly  the  monufactore  of  vej^etabte  products, 
ia  a  funcliou  of  ile<  mineral  food  elements.     Some  of  these  miuerals  are  morf  active  in 
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this  way  than  others,  and  ceitain  elements  are  especially  aaaociated  with  certain  pro* 
ducts.  Thus  there  is  reason  to  believe  that  the  alkalis  are  peculiarly  connected  with 
the  formation  of  the  carbohydrates,  phosphates  with  that  of  protein  matters,  &c. 
That  is  to  say,  an  increased  absorption  or  assimilation  of  alkalis  is  equivalent  to  an 
increased  formation  of  carbohydrates,  &c  In  the  case  of  some  other  minerals,  no  such 
connection  can  be  traced.  Thus  Sachs  found  that  maize,  which  generally  ^ntains 
18'25  per  cent,  of  silica  in  its  ash,  would  when  debarred  from  the  same  attain  its  usual 
height  and  bulk,  and  bear  seeds  capable  of  germination  with  only  7  per  cent. 

Inasmach  as  the  oKidisiog  and  deetructiTe  portion  of  v^table  life  is  quite  as 
essential  to  the  growth  and  welfare  of  a  plant  as  the  deoxidising  portion  which  more 
directly  leads  to  the  storing  up  of  matenal,  oxygen  must  also  be  considered  as  a  (tctot 
cf  the  nutrition  of  plants. 

All  these  factors  are  absolutely  essential,  though,  as  has  been  sud,  of  unequal  value. 
The  ^ects  of  increments  of  each  placed  at  the  disposal  of  a  plant  will  be  limited 
partly  by  the  nature  of  the  factor  itseli^  and  partly  by  the  disposition  of  other  factors. 
Thus  increase  of  "minerals"  may  in  certain  cases  ^rove  effectual  far  bevond  any 
increase  in  '*  nitrogenous  m8tt«>ra,"  but  the  effect  inll  depend  most  closely  on  the 
amount  of  carbonic  acid  and  suUr  energy  available  for  use.  So  carbonic  acid  and  solar 
energy  are  limited  in  their  usefulness  by  the  absence  of  soil-materials.  Practically 
KMaking,  however,  the  carbonic  acid  of  the  atmo^here  and  solar  ene^y  are  beyond 
toe  control  of  man.  Consequently  the  nutrition  of  plants  is  modified  by  him  through 
Tariations  in  soil- materials.     (See  Mufuaaa.) 

The  series  of  changes  through  which  the  inorganic  elements  of  the  food  pass  into 
the  organic  vegetable  products  are  very  imperfectly  known.  The  non-nitrogenous 
products  probably  behave  as  follows.  The  mineral  matters  and  water  absorbed  by  ths 
roots  pass  upwards  as  crude  si^  into  the  leaves  and  other  chlorophyll-oontaining  organs. 
Here,  under  the  influence  of  the  solar  rays,  they  mingle  with  carbonic  add  derived  from 
the  atmosphere,  and  processes  are  set  up  which  result  in  the  liberation  of  a  certain 
quantity  of  oxygen  and  the  detention  of  carbon  and  hydrogen  as  constituents  of  certain 
organic  compounds.  These  resulting  compounds  may  be  either  deposited  in  the  leaves 
as  starch,  &e.,  or  pass  to  other  j;»art8  of  the  plant  as  nutritious  elaborated  sap,  to  be 
deposited  or  consumed  as  occasion  demands.  The  presence  of  chlorophyll  seems  to  be 
essential  to  the  accomplishment  of  the  metamorphosis.  Thus,  when  a  seed  is  allowed 
to  germinate  in  the  dark,  a  limited  growth  takes  place,  as  the  result  not  of  any  forma- 
tion of  new  BAaterial,  but  of  a  transplantation  of  the  old.  No  chlorophyll  is  prodntwd,  no 
starch  ;  no  carbonic  acid  is  absorbed,  no  oxygen  liberated.  When  ul  the  protein  sub- 
stance, starch,  &c.  of  the  seed  has  been  transplanted  into  the  stem  and  leaves  and 
deposited  there  as  protoplasm,  cellulose,  &c,  the  plant  perishes  for  lack  of  food,  li, 
however,  before  that  occurs,  it  be  exposed  to  light,  certain  granules  of  chlorophyll, 
previously  deposited  in  the  protoplasm  of  some  of  the  leaf-cells  and  possessing  a  yellow 
colour,  gradually  become  green.  If  the  light  be  insufficient,  no  progress  is  made  beyond 
this  stage,  and  the  plant  in  this  case  too  perishes  by  starvation.  With  more  light 
starch  is  formed  in  the  chlorophyll,  and  the  plant  lives  and  flourishes.  Since  only  in 
the  parts  where  chlorophyll  exists  is  carbonic  acid  absorbed  and  oxygen  liberated,  and 
since  only  when  there  is  chlorophyll  somewhere  in  the  plant  is  there  any  formation  of 
starch  at  all,  it  seems  reasonable  to  suppose  that  the  presence  of  chlorophyll  is  essen- 
tial to  the  construction  of  starch,  and  that  when  starch  accumulates  in  any  part  free 
from  chlorophyll,  it  has  been  carried  thither  from  elsewhere,  not  generated  on  the  spot. 
The  fact  that  the  green  (chlorophyllic)  parts  of  plants  absorb  the  so-called  actinic  rays 
of  the  spectrum,  has  been  considered  a  proof  that  these  rays  alone  contribute  the  "force 
requirea  for  the  liberation  of  oxygen  from  the  carbonic  acid.  Draper  and  Daubeny, 
however,  maintain  from  direct  experiments  that  only  or  chiefly  the  luminous  rays  are 
concerned  in  the  process.  And  it  is  uncertain  to  what  part  of  the  spectrum  is  dne  the 
change  to  green  cnlorophyll  from  its  yellow  or  uncoloored  antecedents,  and  whether 
particular  rays  have  any  influence  in  determining  the  formation  of  particular  varieties 
of  the  carbohydrates  and  other  compounds. 

Opinions  concerning  the  share  taken  in  the  deoxidising  process  by  the  mineral 
constituents  and  the  exact  stages  passed  through  by  the  carbon  are  purely  theoretical. 
It  is  unknown  whether  the  oxygen  arises  from  a  direct  cleaving  of  the  carbonic  acid  or 
whether  it  is  thrown  off  at  the  end  o^  or  by  fractions  in  the  course  of,  a  long  series  of 
changM.  It  has  been  suggested  that  the  carbohydrates  may  be  formed  by  the  carbon 
passing  through  a  series  of  adds  of  increasing  carbon-power  for  which  the  alkalis,  &c. 
(apparently  so  closely  coonected  with  the  oirbohydrates)  sene  as  bases. 

The  observations  of  Lawes  and  Gilbert  (Phil.  Trans.  1861,  ii  p.  493)  show  the 
^ut  rapidity  with  which  carbonic  acid  is  reduced  in  the  light,  and  oxygen  consumed 
in  the  dark,  and  support  the  opinion  that  "  there  can  be  little  or  no  oxygen  in  the  liviiig 
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cells  of  pUnU  dtinng  the  night  or  during  cloudji'  days.**  They  ftlso  suggest  the  **  idc*  dat 
thero  may  be  during  exposure  to  lights  in  the  outer  cells  which  are  penetrated  hf  tb« 
EOD'e  rujs,  a  redaction  of  carbonic  acid  with  fixation  of  carbon  and  evolution  of  oxjgin. 
at  th«  8&me  time  that  in  the  deeper  cAh  there  ia  taking  place  the  conrerse  proceM  o^ 
oxidation  of  carbon  and  forniation  of  carbonic  itcid."  In  such  caoe  the  czygen  of  the 
outer  cella  would  paes  inwurds,  oxidising  the  more  deeply  deposited  carbon  compoimiii^ 
while  the  carbonic  acid  of  the  inner  cells  would  pass  outwards  to  h*s  there  reduced. 

Some  writers  attribute  much  importance  to  the  fact  of  many  elements  boing  eet  fra* 
daring  the  organic  changes  in  a  "  nascent  oonditiun." 

The  career  of  the  nitfogenoas  elements  of  the  plants'  food  is  also  obscure.   It  has  been 
BUpponed  that  the  nitric  acid  and  ammonia  absorbed  by  the  roots  pass  with  the  rest  uf 
the  mineral  constituents  up  to  the  leaves,  and  iirc  there  elaboiuted  into  protein  com- 
pounds which  either  remain  as  parts  of  tlie  leaves  or  become  ikcton  of  the  nutritious 
I  flap.    A  large  portion  of  the  nitrogenous  muterial  of  a  growing  plant  will  be  found  in 
I  the  form  of  a  constituent  of  the  so-caUe<l  protoplugm,  the  aemi-fluid  occupant  of  tii* 
[  vegetable  cell.   In  the  ritalistic  theories  this  protopl&nm  is  endued  with  a  plaisticlbroe, 
a  power  of  moulding  the  form  proper  to  the  plant,  and  is  sometimes  spoken  of  aa  presid' 
ing  over  the  nutritive  changes. 

The  changes  through  which  ammonia  or  nitric  acid,  with  aolpharic  or  pbospborie 
acid,  assamea  the  form  of  prot^in-subftl&nce  are  wholly  unknown. 

The  nntritiTe  processes  of  a  plant  are  not  the  same,  nor  is  its  composition  identteal 
at  all  epochs  of  its  life.  Young  plants  are  rich  iu  alkalia,  old  onos  in  earthy  and  me- 
tallic oxides  (Garreau,  Ann.  So.  Nut.  [4]  xiii. — Coreuwirider,  iV>»V/.  xiv.).  Ths 
"  active  principles"  elaborated  by  certain  plants  oft*?n  appear  at  particular  ages  only. 
The  phenomena  of '*  migmrinn  "  play  a  very  imjiortant  part  during  the  whole  of  the 
plant's  existence.  Thujt,  during  germination,  the  prof«in  matt<T  or  alettron  of  the  seed 
becomes  liquefied  and  the  starch  is  converted  into  dextrin,  and  perhaps  into  sugar  with 
evolution  of  carbonic  ucid.  The  semi-liquid  niuas  formed  by  tlie  mixture  of  these 
bodies  then  migrutps  into  the  growing  eotyledona,  stem  and  root,  or  rather  forms  them 
by  the  extension  of  itself  through  chemical  and  morphological  changes  resulting  in  tho 
building  up  of  ci'llolose  and  cclb.  There  is  no  loss  of  protein-matter  during  this  trans- 
action, but  the  sum  of  the  starch,  dextrin,  sugar  and  cellulose  of  the  plant  are  togethtv 
leas  than  the  starch  of  the  original  seed.  Solar  ener^,  carbonic  acid,  and  soil-mate- 
I  rials  being  present,  new  material  is  constructed  and  growth  proceeds.  As  the  levvea 
wither  and  die,  a  certain  amount  of  matmal,  nam oly  the  protoplasm,  is  withdrawn 
from  them  and  migrates  to  tho  still  living  organs.  Uence,  dead  leaves  consist  mostly 
of  cellulose  with  certain  other  matters  peciJiarly  connected  with  that  substance,  pro- 
teio.  starch,  and  sugar,  alkalis,  and  phosphoric  acid,  being  left  in  exceedingly  small 
quantities.  As  Ufe  odvunces,  growth  will  for  a  certain  time  take  place  chiefly  in  the 
leavefl  as  distinguished  from  the  roots.  Thus  Anderson  found  that  in  turnips  grow- 
I  iog  from  July  7  to  August  1 1,  the  leaves  increased  more  than  four  times  as  fast  as  the 
[  Toots.  At  a  later  epoch  the  process  is  reversed.  la  tuniipa  growing  from  August  11  to 
[  September  1,  the  roots  increased  nearly  twice  as  fast  as  the  lenvf*.  That  is  to  say,  of 
( the  material  elaborated  by  the  leaves,  a  very  hu^  proportion  did  not  remain  in  tiioaa 
organs  but  migniled  to  the  roots.  In  turnips  growing  from  September  1  to  October  6, 
the  leaves  were  found  to  hare  decreased  in  weight,  some  leaves  in  fact  had  withered  and 
fallen  off,  but  the  roots  had  vastly  increased.  In  other  words,  the  migration  from  the 
leaves  to  the  root  had  been  very  active,  tho  hitter  organs  acting  as  storehouse*  for  the 
stuffi  construcUd  in  the  former.  Further  on  in  life  another  change  takes  place.  The 
material  amassed  in  the  root  migrates  once  more  into  the  leaves,  when  these  aro  formed 
again  with  the  return  of  warmth.  Fimilly.  the  plant  flowers  and  fteeda.  material  is 
withdrawn  from  both  leaies  and  root,  takes  its  last  migration,  and  finds  its  last 
resting-place  in  its  first  starting- pis ee,  thj^  aiburaen  of  the  seed  ;  the  dead  leaves  and 
stem  representing  very  little  more  than  so  much  cellulose.  A  vf*ry  similar  migmtiou 
may  be  traced  in  the  storing  up  of  starch  in  the  tnber  of  the  potato,  in  the  stem  of 
the  palm,  and  in  a  multitude  of  other  instances.  The  history  of  the  metamorphosia 
and  migration  of  material  in  olives  bos  been  traced  by  Do  Luca  (Ann.  8c.  Not. 
{iv.),  xviii.).  Mannite  appears  in  the  young  olive  leaves  at  first  in  very  small  qnan* 
titles,  but  inoroase«  in  amount  as  developmont  proceeds  until  the  epoch  of  flowering 
when  it  begins  to  diminish.  By  the  time  the  ]esvf>8  are  withered  it  has  nearly  dis- 
appeared. It  is  also  found  in  young  flowers,  but  disappears  as  they  reach  perfection. 
It  ocfurs,  too,  in  the  unripe  fruit,  but  gives  place  to  oil  during  mHturalion.  A  very 
close  connection  is  ob.vrved  between  chloraphyll  and  mannite  on  the  one  band,  and 
between  mannite  and  oil  on  the  other,  the  modeof  the  development  of  the  latter  boing 
thus  indiratefl.  M.  F. 

M  WTJLSetTMm    Syn,  with  Scapoutb. 
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NUX  VOMICA— OBSIDIAN. 


WX  VOBKXOA.    See  Strtchnos. 


The  Bflh  of  the  lesTes  and  stalks  aflfymphaa  aiha  and  JT.  hitea  has 
iMen  analysed  by  SehaU-Fleetb  (Fogg.  Ann.  Izzzit.  80): — 
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The  yoang  leavea  and  staUuof  N,  /ii<ea  yielded,  after  dryin^L  796  per  cent  ash.  the 
flld  leaTCi  of  the  same  10'16  per  cent,  and  the  leaTea  and  st^  of  A.  alba  12*99  per 
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OATS.    See  Cebbils  (i  823). 

OB8XDZAV  and  PUMIOB.  Obndian  is  a  glassy  modifleation  of  felspathir  or 
trachytic  lava.  Pamice  is  a  poroos,  fibrous,  capillary  or  tumefied  mass,  prodaced  by 
the  operation  of  Tarious  extern&l  agencies,  chiefly  aqueons  Tapour  and  a  certain  tem- 
perature, on  these  lavas  while  in  the  fluid  state,  li^y  obsidians,  irhen  ignited  in  lump^ 
Moome  brightly  incandescent,  and  swell  up  to  a  tumefied  mass  of  pumice,  which, 
•ccording  to  Abie h,  is  more  like  natural  pumice  in  proportion  as  the  mineral  contains 
lass  silica  and  more  alkali.  Pulverised  oosidian  does  not  exhibit  these  phenomena, 
Imt  merely  turns  brown.  Obsidians  heated  above  the  point  at  which  the  formation  of 
pumice  takes  place,  melt  to  a  greenish  glass.  Similar  glasses  are  also  formed  by  the 
natural  Aision  of  pumioe.  BoUi  pumice  and  obsidian  appear  to  be  but  little  attacked 
by  acids. 

These  minerals  may  be  divided  into  two  groups: — A.  Those  in  which  the  silica 
amounts  to  about  60  per  cent,  leea  therefore  than  in  glasny  felspar  (ii.  620);  the 
pumices  belonging  to  this  group  are  tumefied,  and  have  a  dirty  white  or  grey-green 
eoloor. — B.  Those  in  whi<£  the  silica  amounts  to  70-80  per  cent ;  the  pumices  belong- 
ing  to  this  division  are  fibro-capillary,  white,  and  have  a  silky  lustre. 

a.  Obsidian  firom  Teneri^:  specific  gravity  2*628  (Abicli,  Chtolog.  Unters.  p.  62). 
~^.  Pumice  from  the  same:  ^)ecific  gravi^  2*477  (Abicb^. — c.  Pumice  from  the 
Phlcttirsean  Fields:  specific  gravity  2*411  ^Abich). — a.  Pumice  from  Llactacnnga,  at 
the  foot  of  Cotopaxi  (Abich). — e.  Obsidian  from  Lipari:  specific  gravi^  2*370. — 
/  Pumice  from  tne  same:  speofic  gravi^  2*77  (Abich). — ^.  Obsidian  porphy^  from 
the  greater  Ararat  (Abich). — K  Obsidian  from  Moldavia,  Bohemia  (v.  Hauer, 
JalizS.  GeoL  Beichsanst  v.  868). 


With  mboot  60  per  cent,  illlcs. 


With  70-80  per  cent,  illlca. 
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The  close  agreement  between  the  analyses  of  obsidian  and  pumioe  from  the  same 
locality,  for  example  a,  6  and  e,  /,  shows  that  the  two  are  merely  modifications  of  the 
Mme  mineral. 

The  analyses  show  also  that  obsidian  and  pumice  consist  mainly  of  felspathie  sub- 
•tance;  they  always,  however,  contain  small  quantities  of  earths  and  iron-oxides, 
indicating  an  admixture  of  aogite,  olivin  and  magnetic  iron  ota.  The  obsidian  and 
pamice  of  TeneriflTe  {a,  h)  ooniiat  almost  entirely  ^  oligoclaae^  which  mineral  likewise 
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OCHRAN— OCTYL,  HYDRATE  OF. 


oomm  pnro  in  th*  midst  of  them.  The  pumice  of  tht  PhlpCTKan  <lel<5«  (c\  alao  tSul 
of  Iflchia,  Prodda,  fuxd  the  Tolcaoo  of  Arvquipa  in  BoUvia,  which  coittnin  but  little  mora 
tb»D  90  per  crat.  silica,  aim  eundst  mainly  of  oligocliuv  more  or  less  pore.  Th* 
miner&U  of  the  division  B.  which  contain  a  rather  large  proportion  of  potash,  appear 
to  be  mixtures  of  free  silica  with  oUgocUse  and  glassy  felspar  (ii.  620).  The  water  io 
pumice  is  merely  hygrosooptc  The  small  quantities  of  chlorine  are  pre«eat  as  chlovids 
of  sodium  or  chlori'de  of  ammonium,  which  salt*  are  frequently  found  in  and  upon  hkTK. 
Tbf«  pvmice  from  the  neigh bonrhood  of  L^ike  Laacb,  analysed  by  Sehaf  fer,  exhibits 
a  composition  difierent  from  the  preceding,  containing  only  about  60-5R  per  cent 
Silica ;  and  two  specimeos  of  obsidian  from  tne  grent  rolcano  of  Hawaii  differ  still  mors 
in  composition  therefrom.  A  capillary  Tarietjr  yielded  51*19  per  cent,  silica,  30*2^ 
ferrons  oxide,  and  1816  magnesia  (^  9961);  a  glassy  Tariety,  30*74  silica,  10*61 
aloraino,  22  29  fvrroas  uxide,  2-74  hme,  2  40  magnesia,  21*62  soda,  and  033  wnlT 
<-  99-67)1  The  form-T  appears  to  be  an  aiigito.  (Big;  FeySiO";  the  latter  is  aliu 
probaUr  anangite,  but  with  an  unusually  large  quantity  of  soda.  (Rammelsberg'i 
jflnerah'hcmif^  p.  637.) 

OCKRAV.     A  Tarioty  of  bole  from  Orawicaa  in  the  Bannat,  containing;  31*3  pa 

cent,  silica,  430  alumina,  12  ferric  oxide,  and  210  water.     (Kersten.) 

OCKRB.     A  term  applied  to  many  metallic  oxides  occoring  in  an    earthy  at 
polreruIciU  furm ;  e.g.  iron  or  red  ochre,  molybdic  ochre,  &c 

OCKSOETS.    An  impure  cerite  mixed  with  quartz,  analysed  by  Klaproth. 

OCHOTA  OUa  or  CAUCPHOK.     Syn.  with  lauam  or  B^t-bulst  Cajcpkos 

<iiL  476). 

OOTASBDSXra.    Syn.  with  Axata5R  (i.  2A9V 

OCTTXh       Caprj/l.   CH".— The  eighth  alcohol -radicle  of  the  series   OH^*l 

According  to  Boms  (Compt,  rend,  xxxnii,  736)  it  may  be  sf*parated  fW)m  the  chloride, 
C*H'*C1,  by  the  acetate  of  nodiam  in  the  cold.  In  the  free  state  it  is  represented  by 
<he  formula  C**U**  (see  Alcohol-baoiclbs,  i.  90),  and  is  isomeric,  or  perhaps  identical 
with  hydride  of  cetyl,  C'*H»».H  (see  Hydridxs,  iii.  182). 

OOTTX^  SXOMZDl!  OF-     C^H"Br. — Obtained  by  treating  octylie  alcohol  with 

bromine  und  phosphorus.  It  is  an  oily  liquid,  smelling  like  the  chlorido,  hoarier  than 
water,  iiisolut)b  in  water,  suluble  in  alcobul.  It  bods  with  deeumposition  at  190*, 
end  leaves  a  carbonaceous  residue  wht-n  distilled;  bums  with  a  smoky  green-edsvd 
flame.  It  is  decomposed  by  potash,  yielding  bromide  of  potassium  and  octylic  aleoool, 
And  precipitates  sllvei^salts  in  alcoholic  solution,  but  more  slowly  than  the  iodide. 

OCTTXs  CBX.ORZ9B  OF.  C»H"C1.— Produced:  1.  By  the  sction  of  hydro- 
chloric Hcid  or  pentachloride  of  phosphorus  on  octylic  alcohol  (Bonis,  Ann.  Ch.  Phya 
[3]  xlir.  128)-— 2.  3y  that  of  hydrochloric  acid  upon  octylene  (Berthelot,  Ann.  Ch. 
Pharm.ciT.  186). — 3.  By  the  action  of  chlorine  on  hydride  of  ooiyl  (Schorlenimer, 
Chem.  Soc  J.  xv.  419);  at  the  boiling  heat  (Wun«,  Jaliresb.  1863.  p.  609)  at  409— 
fiO°,  avoiding  an  excess  of  chlonne  i^Pelunze  and  Cahours,  Ann.  Ch.  Pharm.  cxxix. 
91).  It  iH  a  ixtlr)urli>.ss  liquid,  lighter  than  water,  and  smelling  like  orangce.  Specific 
Kravity  0HJ)2  at  18°  (Schorloramer);  0-893  at  16°  (Pelouze  and  Cahours), 
Bods  at  176=  (Bonis);  at  170°— 1720  (Schorlemmer);  168*^—172=' (Pelouze  and 
Cahours);  at  162^* — 167°(Wiirtz).  Itbums  with  a  smoky  green-edged  flsme,  forming 
hydrochloric  acid ;  does  not  precipitate  eilver^salts ;  is  decomposed  by  potassium  or  sodium 
in  the  cold,  yielding  octyl  [or  hydride  of  cetyl]  C'"H";  but  when  it  is  heated  with  eodion 
the  metal  assumes  a  violet  colour,  hydrngpn  is  evolved;  and  if  The  dihtilletl  liquid  be 
refieatedly  distillod  with  sodium  till  all  thr.  chlorine  is  removed  from  it,  the  product 
ulltmiiteiy  obtained  is  octylene  CH"  (Boms).  Chloride  of  oclyl  prepared  firom  the 
hydride  exhibits  the  same  reHction  as  that  obtained  from  the  alcohol ;  when  heated 
with  alcohol  and  ac«tato  of  potassimn,  it  is  resolved  into  octylene  and  oc^Uc  aeetate. 
(P e  1  u u z e  and  Cahoura) 

OCm,  XTSItATa    or.       OctyHc    Alcohol.     Cdprylic    Alcohol,     C»H'».H.O. 

—This  alcohol  is  obtained,  according  to  Bonis  and  other  chemista,  by  diitillingreei- 
noleate  of  potasstnm  or  sodium  with  excess  of  caustic  alkali.  Ot.hers  sgain  AAsert  that 
the  Toliitile  prwluctsof  this  reaction  are  heptylic  alcohol,  C'H'*0,  and  methyl-oenanthyl, 
C*H'*0-  These  opposite  views  have  already  been  discussed  in  connection  with  heptylic 
alcohol  fiii.  U4V  As  there  observed,  we  must  suppose,  pending  the  further  investi- 
gation uf  the  snbject,  that  one  or  the  other  of  these  alcohoU  is  prodiicpd,  acctjnling  to 
the  particulAT  circumstances  of  the  reaction.  The  mudu  of  preparatiou  has  been  already 
described  {loc.  ciL),    Acoerding  to  Limpricht  (Ann.   Ch.  Phann.  xciii.  242),  th« 
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OCTTL:  HYDRIDE— IODIDE.  17i 

atkm  of  the  methjlHenanthyl  formed  at  the  same  time,  is  nerer  complete^ 
ed  bv  means  of  add  sulphite  of  sodium,  on  aeoount  of  the  greaay  nature  of  the 
teBpoond  formed ;  and  the  only  way  of  effectnally  removing  this  acetone  is  that 
adopted  by  Bonis,  which  consiste  in  repeatedly  distilling  the  liquid  over  £reah  Inmpa 
of  caustic  potash  as  Ions  as  any  brown  substance  remains  in  the  residue. 

€K:^Ue  alcohol  is  also  produced  by  distilling  acetate  of  octyl  (obtained  from 
Anuncan  petroleum)  with  potash.     (Felouze  and  Cahours,  loc,  cit) 

Octylic  alcohol  is  a  colourless  transparent  oily  liquid,  having  a  strong  aromatio 
odoor  and  making  grease-spots  on  paper.  It  has  no  action  on  polarised  light 
(Bonis).  It  boils  at  180°  (Bonis);  at  170^  (Hoschnin,  Squire);  at  180°— 184^ 
CPalouse  and  Cahours).  Specific  gravity  ->  0823  at  17°  (Bonis);  0-826  at  16" 
rPelonee  and  Cahours).  VaponzKLensity  obs.  —  4*66  (Bonis);  calc.  «  4'6I, 
Ili  oompoation  is  as  follows :  * 

Calcalfttfld.  Booli. 

C  96  78-84  73-46  ' 

H**  18  18-84  1388 

O  16  12-82  12-66 


(?n*H>       ISO  10000  10000  100-00 


Baehauer,  by  dissolving  sodium  in  the  alcohol  (purified  h^  treatment  with  acid 
■olphite  of  sodium)  and  treating  the  resulting  mass  with  chloride  of  acetyl,  obtained 
Mrtate  of  octyl  containing  70-0  per  cent  carbon,  and  11-9  hydrogen,  the  formula 
<?H^C*H")0*  requiring  697  carbon,  and  11*6  hydrogen. 

Octylic  alcohol  is  insoluble  in  watert  but  dissolves  in  alcohol,  ether,  and  wood-^ritf 
sad  very  readily  in  aee^  add.  It  dissolves  vhotphorus,  sulphur^  iodine,  fiised 
tkloride  of  zinc,  fats,  retifu,  and  eopal.  It  nroidly  absorbs  hydrochiorie  acid  gas^ 
which  however  it  ^ves  off  again  when  heated.  It  combines  with  chloride  of  caleium, 
JoRiung  very  dehquescent  pri8m^  which  dissolve  in  cold  more  freely  than  in  hot 
Mtylie  alcohol,  and  are  decomposed  by  water.     (Bonis.) 

Octylic  alcohol,  when  free  from  metnyl-cBnanthyl,  is  not  altered  by  exposure  to  the  air, 
or  bypassing  oxygen  through  it  at  the  boiling  heat  (Bonis).  It  is  oxidised  by 
mirie  add,  gelding  various  ratty  acids.  Sulphuric  acid  dissolves  in  it,  forming  octyl* 
mj^huric  acid,  and  generally  siso  octylene  and  neutral  octvUc  sulphate.  Dyfum^ 
ing  sulphuric  acid  it  is  converted,  first  into  octyl-sulphuric  add,  then,  on  fuither  action, 
into  meta-octylene  (Bonis).  Fused  chloride  of  ginc  converts  it  into  octylene. 
With  glacial  phosphoric  acid  it  3rields  octyl-phoepfairaie  add.  With  hydrochloric  acid, 
psntachloride  of  phosphorus,  bromins  andphosphorus,  and  iodine  arui  phosphoruSt  it 
exhibits  the  usual  reactions  of  alcohols.  With  potassium  (or  sodium)  it  yields  a  sub- 
fltatntion-product.  Heated  with  quicklime,  it  yields  hydrogen  and  gaseous  hvdro- 
eufbons.  It  reduces  oxide  (but  not  nitrate)  cf  stiver,  when  heated  with  it,  forming  a 
BMtaUic  minor.    (Bonis.) 

OOTTX%  KTBBIBa  OV.  C*H"  -  C>*Hi'.H.  Hydride  of  OmryL—ThM 
ll^drocarbon  is  one  of  the  constituents  of  American  petroleum,  and  is  found  in  the 
portion  of  the  oil  boiling  between  \16°  and  120°  (Pelouze  and  Cahours,  Ann.  Ck, 
Pharm.  cxxvii.  197 ;  Jahresb.  1863,  p.  628) ;  also  among  the  light  oils  obtained  br 
distilling  Wigan  cannel*coal  at  a  low  temperature  (Schorleromer,  Chem.  Soc  J*. 
zv.  419).  It  is  produced,  together  with  many  of  its  homologues,  by  the  action  of  zine- 
ehloride  on  amylic  alcohol,  passing  over,  together  with  octylene,  in  the  portion  of 
liquid  which  distils  between  110°  and  130°;  and  on  treating  this  distillate  with 
Inomine,  which  unites  with  the  octylene,  and  distilling  again  under  a  pressure  of  20  mm., 
the  octylic  hydride  passes  over  at  80°  (Wurtz,  Ajon.  Ch.  Pharm.  cxxviil  230; 
Jahresb.  1863,  p.  509).  It  is  a  colourless  liquid,  having  a  faint  ethereal  odour, 
boiling  at  119°  (Schorlemmer),  at  116°— 118°  (Wurta).  at  116°— 118°  (Pelouse 
and  Cahours).  Specific  mvity  »  0728  at  0°  (Wnrta).  Vapour-density  4-01 
(Wnrtz),  calc  ->  3947.     Chlorine  converts  it  into  diloride  of  octyL 

OCTTXi.  XOBZBB  OF-  (?Wn.  (Bonis,  Ann.  Ch.  Phys.  [3]  xHr.  131. 
-Squire,  Chem.  Soc  Qu.  J.  vii  108.) — Obtained  by  the  action  of  iodine  a»d  phoa- 
phoms  on  octylic  ulcohoL  It  is  an  oily  liquid,  having  an  odour  of  oranges,  boiling 
with  decomposition  at  211**  (Bouis)^  at  193°  (Squire).  Specific  gravity  «-  1'31  ak 
16°  (Bonis).  It  bums  with  a  smoky  fiame,  and  turns  red  on  exposure  to  light. 
Heated  with  alcoholic  amfiumio,  it yiddshydriodate  of  octylamine  (Squire,  Cahours^ 
Bonis);  if  the  octylic  iodide  is  in  excess,  di-  and  tri-octylamine  are  Ukewise  formed 

•  Tht  analTMt  ernster-eU  sleobel  wUcfa  sgrss  »ore  ossrlr  wttb  the  7-csfkoo  fomrala.  ksvt  tstm 
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^Boaia).  With  sodium  or  potnssium,  it  behaTM  like  the  ehloride.  Heat^sd  with  ww- 
iottilphuU  of  sotiiutH  in  alcoholic  Aolution,  it  fomu  sulphide  of  octyl  uud  iodide  d 
lk>dium.  Heat«d  with  ntrrcury^  it  yields  raercurous  iodide,  ociylentf,  txxa  free  hydnigcik 
ItM  alcoholic  ttoliition  prf>t*ipit«tefl  niver'SalU.     (Boui&) 

OCTTl«i   OXZDB    OF.    (CyH")»0?— Obtaiaod.  thon^^h  not  pure,  bv  di«UUi« 

ootylate  of  Bodium  with  chloride  of  octyl;  alao  by  difitilling  oclylic  iJcohol  with 
iulpburic  Acid,  the  acid  boing  heated  ia  a  retort  aod  the  alcohol  allowed  to  flow  in 
slowly.     (Bouif).) 

OCTVX,  BTTX^KXSZ  OF.  (CH'^'S.— "When  aa  alcoholic  solution  of  protfl- 
ealphide  of  sodium  is  heatdd  with  iodide  of  octyU  till  the  mixture  becomes  turbid, 
sulphide  of  ortyl  separates  as  an  oily  liquid,  lighter  than  wator,  and  Imrio^  aa 
unpleasant  odour.  It  ia  slightly  soluble  in  alcuhol;  decompoties  when  healed. 
(Bouis.) 

OCTT&AMCnrs.  Caprytamine,  C«H'*N  -  C«H".H».K.  ^W.  S.  Squire, 
Chein.  Soc  Qu.  J.  vii.  108.— Cahoura,  Ann.  Ch.  Pharm.  xcii.  399.  — Bonii^ 
Ann.  Ch.  Pbys.  [3]  xliv.  139.— Pelouze  and  Cahours.  Jahrt'sb.  1863,  p.  629.)— A 
ba»e  produced  by  heating  alcoholic  ammonia  with  iodide  of  oetyl  (Squire,  Cahours, 
Bonis),  or  with  the  chloride  (Pelouze  and  Cahours) ;  also  by  distilling  a  mixtoro 
of  octylsalphate  and  cyanate  of  potassium,  and  treating  the  resulting  distiilotc  (which 
czystallises  readily,  and  probably  consists  of  cyanatc  and  cyauurute  of  octyl)  with 
potash.    (Bonis.)  ■ 

Octylamine  is  a  colourless,  bitter,  very  caustic,  iDflammable  liquid,  having  an  ammo-  ■ 
niacal  fiahy  odour.     Specific  gravity  0*786  (Squire).     Boiling  point  164*^  (Squire);  ■ 
1720-176°  (Cahours);    175'='  (Bouip);    168''— 172°  (Pelouze   and    Cahouri). 
Octylamine  is  insoluble  in  water.     It  pre<cipitatos  metallic  salts,  and  di^solrt-s  chloride 
of  Sliver.     With  wdide.  of  octyl^  it  yields  di-  and  tri -octylamine.     With  tho  chloridea  of  , 
iemoyl  and  cumt/l,  it  forms  octyl-benzamide  and  octyl-eumylumidn.     (Cah  ou  rs.) 

Octylamine  unites  readily  with  acids.  Tho  hj/druniaU;  0"£I^KI,  forma  large  plate^^ 
cosily  soluble  in  water.  The  kydrockloraie,  C*U^1,  is  very  deliquescent,  but  olti- 
.  inately  crystAllises  in  vacuo,  in  large  nacreous  pUtes.  The  cA/oronura^e,  C*H**NAuCl*,4 
lis  deposited  from  dilute  solutions  in  shining  yellow  Uminie  resembling  iodide  of  lead. 
The  clUoroplaiinatf.,  (C"H'*N)'PtCl",  separatee  from  boiling  solutions  iu  shining  g*ilden- 
yellow  scales  or  large  thin  plates,  eiifily  soluble  in  alcohol  and  pthcr.  Tho  nitratr^ 
■C»H"N.NO*,  and  sulphate,  (C"H^«N)'SO*,  ore  cryfttAllisable  and  reiulily  solubl*  in 
water. 

OCTT&Bn.  Capryfem.  C'H". — This  hydrocarbon  lb  produced,  as  already  mra- 
t)ou«d,  by  heating  octylie  alcohol  with  sulphuric  acid  or  fimed  chlorideof  Eiuc(BouiB); 
by  beating  iodide  or  chloride  of  octyl  with  sodium  or  mercury  (Bouis);  by  httatine 
chloride  of  ootyl  with  alcohnlic  pntaah  ^Pelouse  and  Cahours);  also,  together  with 
eevvral  other  olefincs  and  many  alcoholic  hydrides,  by  the  action  of  chloride  of  zinc  on 
amylic  alcohol  (Wurtz).  It  \&  also  formed  togelhor  with  hydrogen,  morsh-gaa,  and 
I  ether  gasRiua  hydrocarbons,  when  polargonic  ucid  is  d{«tilled  with  potash-lima,  consti> 
toting  the  greater  part  of  the  liquid  distillate  thus  obtained,  which  parses  over  between 
106^  and  110*^  (OahourH,  Compt.  rend.  xxii.  143).  It  may  be  obtained  in  like 
manner  from  otli^r  futty  acids,  vis.  cenanthylic,  capiylic,  palmitic  acid,  &c.,  and 
appears  to  be  produced  in  the  diAtillrttion  of  most  fixed  ods. 

Octyleue  ia  a  very  mobile  oil,  lighter  tlion  water  and  insoluble  therein,  very  soluble 
in  alcohol  and  ether.  It  boils  without  decompoaitioQ  at  125'^  (Bouis);  at  116°  — 
120°  (Cahours);  at  118**— 120*=  (Pelouze  and  Cahours);  below  I'.'O'^  (Wurti): 
at  1160— 1170  (Schorlemraer).  Vapour-density,  obs.  =  3'80— 3-90  (Bonis);  4*0 
(Wurts);  417  (Schorlemmer) ;    calc  =  3879.    Itbiiras  with  a  very  bright  fljune. 

It  is  violpntly  attacked  hv  strong  nitric  acid,  yielding  nitro-  and  diDitro-octyleoe 
(Cahours).  Wlipn  treated  first  with  sflsqui-hvdrmed  nitrie  acid,  SffNO'.SH'O,  and 
then  with  a  mixture  of  fuming  nitric  acid  and  oil  of  ritricil,  it  yields  dinitro-octy  leoe^ 
CH'*(XO*)',  whith,  after  wishing  and  drying,  forms  an  oily  liquid,  heavier  than  water, 
and  inlightly  soluble  in  water,  forming  a  solutioa  having  a  strongly  irritating  udour.  It 
is  decomposed  by  distillation,  giving  off  rod  vapours,  leaving  a  blnck  repiduc,  nnd  vifld- 
iDg  a  dJstillote  of  nitro-octylenc.  C*H'*NO\  a  liquid  poeseasing  similur  prtipertira. 
Octylene  is  not  tittaoke<l  by  sodium,  but  if  dry  chiorine  gat  is  passed  into  the  liquid,  a 
violet-coloured  commmnd  having  the  composition  OH^'ClNa'  or  C*H^*Na.NaCl.  is 
formed,  with  evolution  of  hydrogen.  With  iodine  and  bromine^  corresponding  com- 
pounds are  formed.     (Bouia) 

Meta-octylene*  CH"?— A  hydrocarbon  polymeric  with  octvlcne,  obtained hy  the 
prolonged  action  of  fuming  sulphuric  acid  on  octyUc  alcohol  When  purified  by  waah- 
ing  with  water,  alcohol  and  aqueous  potash,  it  furms  a  colourless  inodorous  liquid  of 
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Bpeoiflc  graTity  0*814  at  IS'^,  and  boiling  with  deoomposition  at  250°.  It  u  inHolable 
in  water,  nearly  insoluble  in  cold  oloohoX  bums  with  a  bright  flame,  is  not  acted  cm  by 
boiling  potiuth.    (Bonis.) 

OCTTXi&va,  ACSTATB  OF.  C"H°0*  =  ,^^g,'*Uo»— ObtAined  bj  hpah'rg 

an  eth^rwil  solution  of  the  bromido  with  acetate  of  silver  to  11)0°.  It  is  a  thick  oily 
liquid,  bolting  between  210°  and  246°  (Wnrtz);  245°  and  250°  (Do  Clermont). 

OCTTX.BWa,  BXOlOBa  or.  C^H'^Br*.— Produced  by  direct  combination 
{e.ff.  by  thft  firtion  of  bromine  on  tJie  mixture  of  octylene  and  octylic  hydride  occurring 
amongst  the  products  of  the  decomposition  of  amylic  alcohol  by  chloride  of  zinc).  U 
in  an  irniVrHrolourrd  h<>flTy  liquid,  which  cannot  be  distilled  without  decomposition, 
even  in  rarofled  air.     (WurtE.) 

OCTT&XVa,  XnUATm  of.  CH'»0»  -  (C»H'«)''.mO».  Octt/iie  GltfcoL 
Octylenic  akohol,  (P.  D  e  Clermont,  Compt.  rond.  lix.  8Q.;  Ann.  Ch.  Pharm.  Sappt.  iiL 
264.) — Obtained  by  decomposing  theacctat*  with  finely  pulverised  potash  added  by  small 
portions,  distil  ling  in  on  oil-bath,  repeating  tbe  whole  process  several  tlines,  and  purifying 
the  pruduct  by  froclional  distillation.  It  is  a  thick,  oily,  colourless,  inodoroua  liquid, 
having  a  burning  aromatic  taste,  insoluble  in  vuter,  soluble  in  alcuhul  and  in  ether. 
Bpecific  gra\-ity  «  0-932  at  0'^,  and  0920  at  29°.     Buila  between  236°  and  240*^. 
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Octylenie  CkUrkydrin. — This  compound  is  formed:  1.  By  tho  action  of  strong  hydro- 
chloric acid  on  octylonic  alcohol ; — 2.  By  the  action  of  hypochlorous  add  on  octylene. 
The  first  reaction  yields  a  rery  impure  product.  To  prepare  the  compound  by  tlio 
second,  pure  octylene  is  added  to  a  solntion  containing  2  or  3  per  cent  hypochlorous 
acid.  abLninod,  aocordicg  to  the  method  of  Carius  (Ann.  Ch.  Pharm.  crxvi.  195),  by 
agitating  chlorine  gas  as  free  as  possible  from  air,  with  mercuric  oxide  pruviounly 
heutHi  lo  300"^,  and  suKpendcd  in  a  small  quantity  of  water.* 

The  product  is  a  mixture  of  mercuric  oxyehloride,  water,  and  hydratochloride  of 
octylene.  The  latter  is  extracted  by  ether,  the  mercury  precipitated  by  solphydric 
acid,  the  excess  of  acid  neutralised  by  carbonate  of  sodium,  and  the  liquid  subraiTied 
to  &iietiomil  diaLilUtion.  Tho  hydratochloride  is  then  obtained  nearly  pure,  in  thn 
form  of  an  aromatic  liquid  boiling  betwaen  204°  and  208°.    (Do  Clermont,  loc.  cit.) 

OOVBA-^^AX.  A  vegetable  wax  obtained  from  the  fruit  of  Myriitica  ocuba, 
afficmaka  or  athifera,  a  plant  growing  abundantl?  in  the  marshy  grounds  on  the  shores 
of  the  Amazon  and  its  tributaries.  The  sbellea  fruit,  bruised  and  boiled  with  water, 
yields  from  18  to  19  per  cent,  of  tho  wax,  which  is  yellowish-white,  of  the  consistence 
of  bees-wax,  melts  at  36°,  dis-solres  in  boiling  alcohol.  It  coutuins,  according  to  Lewys 
analysis,  74  0  p*'r  cent,  carbon,  113  hydrogen,  and  147  oiygnn,  but  is  most  probably  a 
DiLxture  of  di^cront  fats.  It  is  easily  bleucbAd,  and  is  used  extensively  in  Braxil  for 
tbe  manufitcture  of  candles. 

OOmx.  (Anderson,  Ann.  Ch.  Pharm.  Ixiii.  370.) — Whnn  fats  or  oils  contain- 
ing oleic  acid  are  distilled  with  sulphur,  a  fetid  oil  pasiies  over,  which  maybe  separated 
by  rectification  into  several  others,  the  first  of  which  is  a  limpid  oil  boiling  at  about 
71° ;  but  the  quantity  of  this  limpid  oil  is  but  small,  and  it  in  nut  found  possible  to 
obtuin  fractions  of  constant  boihug  point.  The  crude  oil  di^isolved  in  nlcohol  yields 
precipitates  with  rarious  metallic  salts.  "With  mfrcuric  chloride,  a  white  precipitate 
ts  formpd,  yielding  by  analyBia,  14'61  per  CPiit.  carbon,  2-72  hydrngen,  60-01  mercury, 
10'26 — 1067  chlorine,  and  12*48  sulphur,  whence  Anderson  diducta  the  formula 
C^^'S'JlHiiCl  +  CH^iPMi/^S,  regarding  the  precipitate  as  a  compouud  of  mercuric 
chloride  and  raercuroua  sulphide  Willi  the  body  C'i/'tf,  which  he  csM^auiphidfof  odmvl. 
Gerhardt,  on  the  other  hand  {Traiti,  ii.  637),  suggests  the  formula  i^U*H^S.HifCf. 
(requiring  14  ^C  C,  280  H,  61-22  Hg,  1 1  07  CI  and  1016  S),  represi^nting  it  an  a  comftJiind 
of  mercuric  chloride  with  mercuric  sulphotetrylate  (analogous  to  mercuric  sulphethy- 
lut-B  or  mereaptide,  ii.  fi48).  The  mercury  precipitate  suspended  in  water  ih  blHckemii 
and  d«?ompo*ed  by  salphydric  acid,  and  tho  liquid  yield-s  by  distiUaeion  a  limpid  oil, 
lighter  than  water,  and  having  a  repulsive  odour  like  that  of  certain  umbelliferous 
pUDta.    This  oil  (regarded  by  Anderson  as  sulphide  of  odmyi^  but  perhaps  consistiug 

*  The  proportlont  retjulred  are  13' grmt.  mercuric  oxld?  ton  Ijtra  of  chlorine.  The  agl  tat  Ion  mail 
bo  perfonilfd  in  a  dark  plate  oad  in  UutDca  nut  fruuultihiK  mora  than  a  Irtrif.  With  larfcrqiuotltica,  the 
procpfs  faili  Troin  ruTimation  of  mrrciiric  chlnrnte.  Furr  hypochlnroui  acid  li  not  wpll  aJa|<t«d  tat  i?\- 
pfTliTix-nti  IlkD  tKurabavr,  u  it  cutlr  S^vf*  "^chlorine,  even  111  ilil>Jte  Mtution.  The  M}liitliui  ubUincd 
M  juit  dotcnbed  i^huuld  tlioreroro  tw  mixed  with  Ji  imall  additional  qiuntitji  of  inercaric  uxldr  pre* 
Tiou«1jr  healed  to  9XP  uid  iujp«0(l«d  lu  a  laiiJI  quaotltj of  watar.    t^arJai.^ 
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of  totryl-snlphydric  add,  or  tetr^Uc  mprcapUn)  giret  witii  aloobolic  mereoTic 
a  white    precipitate  exactly  rvaembtiiig  the  preccdiug,   aad  vitb  plaCinic  chlofide  ft' 
jeUow  prwipiCHte  8imiUtr  to  that  obt&iup(i  w-iili  the  limpid  oil  obtained  hy  recti^^ 
thft  (Tuoe  fltdphurotted  oiL 

ODOBXVB.  A  vobttile  btae  obttuocd  by  UnTcrdorbeo  from  boD«-ciL  It  apfMua 
to  hitvo  h*^a  impure  picoltne,  ^ 

ODOWTO&ZTS.     See  Timacuifl.  I 

«BJriLVTSZC  ACZB  and  ETKlOt.  (Liebig  and  Pelouie,  Ann.  Ch.  PhAcn. 
xix.  241.  -Dclffs,  iJ/iit.  \xxx.  '290j.— TU**  name  CBuiuitluc  utiiir  was  given  by  Lirbig 
Aud  Peloueit  to  AD  ethorf'al  liquid  wUicli  v-xihIh  in  uii  wiuea  and  in  the  hcurce  of  tiuuf 
pecaliNLr  oduur,  cuiuiiig  u  fuw  drup»  uf  wiue  left  iu  a  buUle  to  be  distinctly  amedt| 
vbereas  a  mixture  of  pure  alcohol  aod  water  uf  the  same  alcoholic  etivnglh  aa  wioe 
hai  acarcely  aoy  odour.  Thia  ether  remains  in  imall  quoutity  as  an  oily  liquid,*  vitm 
large  quantitioa  of  wine  are  distilled ;  it  may  be  ubtaiued  with  greater  Reality  Ly 
didtilling  wine-leea  with  half  its  bulk  of  water,  taking  care  that  the  masa  doe*  not' 
carbouiiie.  The  dintiUate  contains  a  small  quantity  of  free  aeid  from  which  it  may  faai 
freed  by  wufihiug  with  aqueous  carboiiutc  of  sodium. 

When  thua  puriticd  and  dheii,  muiLUthic  ether  ia  a  Tcry  mobile  liquid,  having  a  Toy 
Btrong  Tiooua  odour,  almost  intoxicating  when  inhaled.  Ita  taate  ia  very  stiuog  aod 
diugreeuble.  It  diswlvea  easily  in  ether  and  in  atcobol,  eren  when  the  latter  is  rather 
dilute,  not  perceptibly  in  water.  Sp.  gr.  »  0*862  (Liebig  and  Pelouae^ ;  0  87^^  at 
Id-d^(Delfftt).  Boils bftweeD  225^and  230"  (L.andP.)i  at  224'' (Delffs).  It  givea 
by  an&l.Vf^ifl  106 — 715  per  cent,  carbon  and  11*8 — 121  hydrogen,  whenc4*  Xaebig  and 
Polouiie  deduce  the  funuula  C**ff^*0^  (calc  72*0  per  cent  C  and  12-0  H),  rvgaxding 
the  compound  oa  the  ethyiic  other  uf  oenouthic  ucid,  CiVt/*.  Del&,  un  the  other 
hand,  ojiifiiders  it  lo  be  identical  vrilh  pelargonale  of  ethyl,  C'"tf"0*  or  C"11**0*  « 
C»H"(C-H»;0»,  (rt^uiring  71-0  per  cent  C  and  118  H).  The  rapour-denaily  is  »« 
according  to  Liebig  and  Pelouze;  7'<H  at  27U°  according  to  Del&i  the  cwl minted 
vapour- density  of  pehu^nic  ether  is  (}'4d. 

By  treating  oaoonthie  ether  with  on  alkali,  and  decomposing  the  product  wicli  anl- 
phuric  acid,  cuuauthic  acid  is  obtained  as  an  oU  which  may  be  washed  with  wana 
water,  and  dried  with  cliiuhde  uf  colciam,  or  in  vacuo  uvcr  oil  of  vitrioL  Thia 
acid  forms  at  13"^  a  colourleaa  buttery  mass,  melting  at  a  higher  tempei'uture  to  a 
CuloorlpM,  tasteless,  inodorous  oil,  which  reddens  litmus,  and  dissulvcs  easily  in  alkalis 
and  alkaline  carbonates,  also  in  ether  and  in  alcohoL  It  coutaios,  according  to  Liebig 
and  Pt-lLiuze,  Q&6 — 67'd  per  cent,  carbon,  and  U'6  hydrogen,  whence  they  deduce  the 
formula  O'W*0^  (cole  68'8a  C.and  116  H).  Bema,  on  the  other  hand,  regards  it  as 
peloi^nic  acid,  C^'JP*0*  or  C^H*^',  which  K>quireB  68*35  C  and  11-40  IL  The 
silver-salt  gives  by  analysis  367  per  cent,  silver  (L.  and  P.);  27*1  (^Mulder)  ;  40*6 
(Del  ff  s) ;  pelargonate  of  silver  contains  4076  per  cent, 

(Eoautbic  acid,  when  distilled,  Ai^L  gives  off  a  mixture  of  water  and  the  nnaltatwi 
acid,  aftfrwards  the  so-calUd  aiikt^cfraus  ananthio  acid^  C**H"0*,  iu  the  furm  of  a 
liquid,  which  begins  to  boil  at  26i)\  suiidiflus  at  31^  and  contains,  ocourding  to  Liebig 
and  Pt^lumee,  73  3— 74*3  C.  and  12-2  U.  Now,  as  pclargouic  acid  when  heated  distils 
oltoguther  unaltered,  Liebig  still  regards  couauthio  aoid  as  distinct  from  pelorguine 
acid.  The  point,  however,  n-quires  further  investigation,  tia  it  is  evident  that  neither 
the  acid  nor  the  ether  has  bet'u  ubtaiuKl  pure.  According  to  Fischer  (Ann.  Ch. 
Phorm.  cxv.  247),  the  so-called  tenauthic  acid  is  a  niij:ture  of  capric  and  caprylic  acida. 

CblnrcBiiaiitliio  Add  and  Bther.  Malagnti  (Ann.  Ch.  Pbys.  [2]  Ixx.  3S3X 
by  treating  (j-mintliio  ether  with  chlorine,  obtained  a  bitter,  fragrant,  Kyrupy  liquid, 
sparingly  eolublo  in  alcobol,  having  a  HpetHiflc  gravity  of  1*2912  at  IC^,  decomposed  by 
distUlalion,  and  containing  37'1<^  per  cent  C,  A'30  H,  and  4H'6d  CI,  wbence  he  deduces 
the  formula  0*H**Ci*C^.  Wben  decomposed  by  potash,  it  yields  un  oily  acid  containing 
43-2— 43-4  per  cent  0,  6*3— 6-6  H,  and  360 — 36*3  CI,  agreeing  approximately  with 
theformuU  C'tf^CrO". 

For  further  details  respecting  all  these  compounds,  see  Gmelin^s  Handbook,  xii 
465—460. 

aOKAMnOlM.      Cff'O    «   C'H"0.H.     Hf/dnde  of  (Enanihyl,     (Enantkytie 

Mdfhyde.  (Bnssy  and  Lecann,  J.  Pharm.  xiii.  62.— Busay,  t^nd.  [3]  8,  321. 
—A.  W.  Williamson,  Ann.  Ch.  Pharm.  Lxi.  38.— Tilley,  PhiL  Mag.  ixxiii.  81.— 
Bertagnini,  Ann-  Ch,  Pharm.  Ixxxv.  281.— Bouia,  Ann.  Ch,  Phys.  xliv.  87.) — 
This  body,  which  is  the  aldehyde  of  mnantbylic  odd,  and  isomeric  with  butyrono,  ia 
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*  A  totiti  RutHtJUiCf  nllpd  iTTi«nth^c  ether,  which  li  manurAt  turrd  ji)  Bavaria.  iDd  u«e<S  for  (broarfas 
fnterior  wkaei,  wuesblbiteilbjr  .M.  UchuDbcrger  In  ibe  IrnvrnaUonAl  Kxhibltiou  of  IMS.    {Htif*n\ 
Itepvrt,  p.  lis.) 
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Tiroduc«l  by  the  dry  dUtillutiou  of  ciistoiM>U;  also,  luieor^ng  to  FeterseD  (Aon. 
Ch.  PluLTm.  UxxY.  281),  together  vitb  propjlic  aldehyde  and  other  producla,  by  the 
dry  diAtillatioD  of  sebate  of  calcium. 

Prfparatum. — 1.  The  yellow  oily  distillate  obtained  by  the  dry  distillation  of 
castor-oil  ia  separated  fi^m  the  watery  liquid  and  distilled  vith  fire  or  six  ttmM 
its  bulk  of  wat«r;  the  distillate,  coDJfistiug  of  ceDiiuthol,  with  amall  quautiiies  of 
acrolein,  mnantbylic  acid  and  oUy  flatty  acids,  is  shaken  ap  with  8  pts.  hj  weight  of 
wat«r,  which  difisolves  out  the  greater  part  of  the  acrolein,  and  again  distilled  with 
pore  water,  till  no  more  oily  liqoid  rennainji ;  this  distillate  is  shaken  up  with  weak 
baiyta-water  till  U  no  longer  exbiLita  an  acid  renctioo,  then  decanted  and  distillerl ; 
and  the  portion  which  go^  over  botwppD  155"'  and  168°,  is  colIi'cte<J  apart  (bt-low  160-*. 
ucrolein  distils  over).  The  pore  ojnaathol  thus  obtained  is  dehydrated  by  chloride  of 
calcium  (Bussy,  Williarason). — 2.  The  product  of  the  dry  distillation  of  oaator- 
oil  is  shaken  up  with  a  solution  of  carbonate  of  potaasium,  whereby  a  solution  is  formed 
which  when  heated  to  the  boiling  point  yields  the  cenanthot  as  a  scparste  layer  on  the 
surface;  this  liquid  is  removed  and  treated  with  a  niodemtely  concentrated  solution 
of  acid  milphite  of  sodium,  which  diasolves  the  ffimintiiol  and  leAvea  an  oily  liquid 
araoUing  tikf?  a  fixed  oil.  The  solution  on  cooling  deposita  sulphite  of  aenanthol  and 
sodium,  which  must  be  dried  and  decomposed  with  warm  water  containing  hydro- 
chloric or  solphoric  acid  (Bert ago  in i).     See  also  Delffs  (Jahresb.  1860,  p.  320). 

Properties, — (Enanthol  is  a  tranaparent,  colourless,  rory  mobile  liquid,  of  sp.  gr. 
0*827.  It  haa  a  strong,  not  unpkaiiaiit  odour,  and  a  taste  aweet  at  &rst,  bat  afterwards 
prrsistentty  sharp.  Refracts  light  strongly.  Boils  between  155°  and  158°  (Bussy); 
l.'i6«'andl66^{William8on)i  at  155^ (Tillej);  between  lfilOandl52'*(Stadeler, 
Jahresb.  18fi7,  p.  360),  Vapour-density  «  4139  (Bussy);  from  4-08  to  6*01 
(Bouis):  by  calculation  3*952. 

It  disBolTea  very  sparingly  in  water,  imparting  its  odoor,  and  mixes  in  all  proportions 
with  alcohol  and  ether. 

When  moist  (Bnauthol  is  exposed  for  some  time  to  a  low  temperature,  it  yields 
Colourless  crysiftls  of  a  hydrate  2C'H'*O.H^O,  smelling  like  cBnantiiol  its*;lC  (Busav.) 

Dtvoitipogitiont. — 1.  When  csnautbol  is  sabjectcd  to  continued  distillation,  the 
boiUng  point  rises,  and  the  residue  in  the  retort  exhibits  a  greater  amount  of  carbon 
(Tilley,  Bouis). — 2.  In  contact  with  the  air,  it  absorbs  oxygen  and  turns  sour;  when 
shaken  up  with  oxygm,  it  may  absorb  as  much  as  10  per  cent. ;  at  the  boilijig  point 
the  absorption  goes  on  faster  (Bussy). — When  cenanthol  which  is  kept  cool,  ia 
gradually  mixed  with  a  qtiantity  of  bromine,  sufficient  to  render  the  brown-red  eoloor 
pL-rruanent,  and  repeatedly  distilled  with  water,  a  colourless  liquid  is  obtained,  which 
turns  brown  when  dried  by  chloride  of  calcium,  or  over  oil  of  \'itriol,  and  after  being 
freed  from  dissolved  hydrobroraic  acid  by  caustic  soda,  contains  40'90  per  cent.  C, 
6-53  H,  and  from  44-6  to  457  Br  (C'H'"BrO  requires  436  per  cent.  C,  6-7  H,  and 
41*4  Br).  On  dintilliug  it  witJi  water,  a  brown  resin  remains  in  the  retort.  When 
cenanthol  ts  mixed  with  iodine  and  phosphorus,  a  violent  exploaioQ  ensaes  (L  i  m  p  r i  c  h  t)L 
-  4.  (XInantbol  is  converted  by  cold  nitric  acid  of  ordinary  strength  into  nietcanan- 
thol;  when  di«till<Mi  with  2  pts.  of  a  mixture  of  1  voL  strong  nitric  ucid  and  1  toL 
water,  it  is  gradually  converted  into  cenanthylic  acid  (Bussv).  When  wnanlhol  i» 
heated  witb  2  pts.  of  strong  nitric  acid,  great  heat  is  produced,  red  vapours  are  given 
off,  and  the  greater  part  of  the  cenanthol  is  destroyed  (Bassy).  Wheu  eeiianthol  is 
added  by  drops  to  8troDg  nitric  acid  contained  in  a  retort.,  a  violent  action  takes  place, 
and  A  mixture  of  nitrocrol  (p.  68),  csnanthjlic  acid,  caproic  acid  and  nitric  acid  distils 
over,  the  liquid  in  the  retort  t!ontaiuing  ipaantbylic  and  caproic  acids  (Tilley). — 
6.  With  cA/onHr,  cenanthol  forms  hydrochloric  acid  and chlonananthol  (Williamson). 
— 6.  (Enanthol  dropped  upon  crystallised  rArfrjflit*  acid  takes  fire  with  violent  explosion ; 
dilute  chromic  acid  converts  it  into  ocDanthylic  acid  (Busey). — 7.  With  filming  mi  of 
vitriol,  it  forms  a  conjugated  acid,  which  3^clds  cirstuUisable  salts  with  baryta,  lime, 
and  oxide  of  lead  (Bouis), — 8.  When  repeatedly  ULstiUed  over  phosphoric  mtkydridr, 
it  yields  cenanthyleno  (Bouis). — 9.  With  prntachitrnde  of  phonphortit,  it  becomes 
strongly  heated,  and  yields  a  diRtillute,  which  when  fi?eed  from  oxychloride  of  pho»- 
pborus  by  rep<«ited  washing  with  water,  and  from  excess  of  cBnanthol  by  agitation  with 
acidflulphtte  of  sodium,  consist^s  of  nearly  pure  chloride  of  hept}']ene(llimpricht). — 
10.  (Enanthol  dropped  upon  funrd  hydrate  efpotatamm  gives  off  hydrogen,  and  forms 
osnanthylate  of  potlissium  (TiUey). 

C'H'»0  4   KHO    =    C'H^KO*  +   E«. 

"When  it  is  mixed  with  a  etrong  aqueous  solution  of  potash,  considerable  rise  of  tem- 
perature lakes  place,  uud  a  suit  of  u*mtnthylic  acid  m  produced,  together  with  an  oil. 
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wliick  18  dc«oinpoBed  by  simplr  diBrilkHon,  and  ivllcr  being  waslied  or  dirfiUed  witli 
Vtttor,  eontaia*  76-4  per  cent.  C  and  124  wr  cent.  H,  noJ  u  tberefope  not  soiintliol 
Hiated  with  alcoholic  potash,  oenanthol  jieide  cputintliyUc  acid,  and  an  oil  which  whfn 
driMl  by  chloride  of  calcium,  contnin*  771  pT  cent.  C  and  12'7  H.      (Willi  am  »onL] 

11.  DiatilliMl  with  quitkUfnr,  it  yithbi  a  distilUt*  containing  heptylcnc,  oclTl»T»e, 
nonylcnf,  and  a  hydrocarbon  of  slill  hi^lnT  bulling  puint,  also  hcptvlic  alcohiM  and 
osnaathyl-HCotone,  or  hftxyl-ainantliyl,  (''■H-'*0.    (Fittip.  Ann.  Ch.  Pkarm.  cxrii.  78  ) 

12.  An  alcoholic  solution  of  (Bnaothol,  through  which  AydnxrAZoricorirfyrt*  is  P«Mfdi 
yields oenHnthylttte of 'thyl  (Williamaon).— 13.  CEnanthol  •K&fxctmftitraieoftiltrr; 
when  it  ia  mixed  with  umniouia  and  oitmte  of  silver  added,  a  white  precipitate  ii 
fomud,  whk'h  is  rcdn»'t.d  by  htaiing,  nnd  Bilrors  the  vesjiol.     (BuBny.) 

11  (Enanthol,  gently  healed  with  ziuc-rthyl,ioYaiB  a  compound  contaiDrng  C'*H"0, 
together  with  hydride  of  ethyl  and  hydmle  of  zinc : 


I 
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4(?H'*0    +    Zn(C»H»)«     -     2C><H"0 


+   2C'H«    +    ZnH'O'. 

(Ri«th  And  BeiUteio,  | 


The  compound  C'E^O  is  not  of  constant  boiling  point. 
Ann.  Ch.  Phami.  cxxvi.  241.) 

CombinatifmM.  a.  With  Ammonia. — CKnanthol  ab«orbi  a  larc^  qnantitj  of  am* 
moniagna,  forming  at  first  a  ci^HtalUne  compound,  which  afWwards  liqufflca  and  ts  coo- 
plfluly  decom[K>sed  by  wnttT  (Tilley,  Limpricht.) — This  ammonincal  compjond, 
j^nlly  heated  with  hydrocyanic  nnd  hydrochloric  acids  (as  in  the  preparation  uf 
aluDiDe  fn>m  raluraldehyde,  i.  63)yicld8  ayellowish  amorphuus  body,  which  eiystJillis(-« 
Irom  Hiroog  hydrochloric  acid  in  nprdles,  and  appears  to  hare  the  compoatioD 
C"H"N(V.HC1.      (Erlenmeyerand  Schaffer,  Jahresb.  1863.  p.  366.) 

6.  With  Acid  Sulphites  of  Alkali-metals. — (Knanthol  unit**  directly  with 
these  8iilt»,  forming  more  nr  less  crystalline  compounds,  which  may  likewise  be  obtain*^ 
by  passing  sulphuroas  anhydride  into  a  recently  prepared  solutioD  of  CBDanthol  in 
uoonolic  ammonia,  potH'«h  nr  soda. 

Tlie  atnvu^iuim-tialt,  C'H"(NH*)SO*,  forms  small  nbining  prisms,  spannply  soluble 
in  water  and  in  alcohol.  They  are  decomposed  by  boiling  with  water,  givinjr  off  a»nan- 
thol,  and  learing  a  solution  of  acid  sulphite  of  ammoninm.  Heated  with  potash-limi^ 
or  by  itaelf  in  a  smiled  tube  to  260°— 270°,  it  yields  tri-hexylamine,  C»*E*N  ■ 
N(C^"f.     (Petersen  and  Gossmann,  Jahresb,  18fi7.  p.  388.) 

The  jifitiusivmsalt  is  obrained  as  a  pnlpy  masB,  which  gradually  becomes  ctystalUn^ 
nnd  .separates  from  alcoholic  solution  in  «mall  needles. 

The  soiftutrt'tait,  C'H'*NaS0'.2H»0,  cryBtiillises  in  very  brilllHnt  interlaced  aeaScM^ 
Qn(5nouA  to  the  touch,  and  exhaling  the  odour  of  cenanthol.  Tltt-y  disMslve  easilr  in 
water,  either  cold  or  warm,  without  decomposition,  but  the  solution  i«  decomposed  by 
boiling,  e«peciaUy  in  presence  of  an  acid  or  an  alVali.  dmps  of  cBnanthnl  aepamtine 
ent.  The  crystals  dissolrc  very  easily  in  hot  alcohol,  but  are  nearly  insoluble  in  cold 
alcohol. 

The  aquwjus  solution  forms  with  salts  of  Aariinn,  had,  or  «/wt,  eopioas  precipitate 
contnining  CBnanthol  chemiciiUy  combiii'^d.  — w<WM*>nia  added  to  the  aqueons  solutioa 
inrras  sn  abundant  cunly  precipitate,  which  soon  disnppcara,  nily  dm|i*(  collecting  at 
the  sara!^  tim^  on  the  surftice  of  the  liquid. — The  cold  nqneons  solution  is  not  deieaiii- 
posed  by  arldition  of  a  Inrgf  quHnfity  of  Httlphtric  or  htjdrt^h/oric  ari^,  the  compoond 
eren  cryfttalltsing  unaltered  from  on  acid  solution.  Ch^crinc  and  brvmine  decompoar 
it  instantly  at  ordinary  temperfltures ;  iodine  only  with  aid  of  heaL 

TRtaii-OBffiNAjrrHou  C'H"n*0. — Produced  by  the  action  of  chlorine  gas  on  oanaa- 
thol.  It  is  a  viscid  oil  bravier  thsn  water,  and  hnring  an  agreeable  odour  somewhat 
like  that  of  caoutchouc.    It  blackcRs  when  distilled,  giving  off  hydrochloric  acid. 

MetODiianttaolr  C'U'*0.— This  compound,  isomeric  with  conantliol,  is  produced 
by  agitating  llio  laltpr  wilh  nitric  acid  at  0'^.  If  the  liquid  be  then  left  to  itself  for 
24  hours,  then  poured  into  a  shallow  dish,  and  expo«MHl  in  a  cold  place,  metcenanthol 
is  Dbtained  in  b+^autiful  crystals,  which  remain  sohd  up  to  the  temperature  of  5*^  or  6®, 
art)  inotlorous,  di*wolve  in  l>oiIing  alrchol,  and  finally  crystallise  again  on  cooling. 
The  compound  melts  when  heati'd,  and  boils  at  230*^.  It  is  not  decomposed  at  ordi- 
nary temperatures  by  ammonia,  potash  or  soda,     (Bussy.) 

(EVAJTXST^  C'H"0.— The  hypothetical  radicle  of  cenanthylic  add  and  ita 
derivatives.     The  same  name  is  sometimes,  but  inappropriately,  given  to  heptyl,  CH**. 

rAJTTHT^  CBXOB.n>]l    OT,    C'H'"0C1.— Obtained  by  diHtilling  anan- 
thylic  acid  witli  pentaMiloridf  of  phosphorus.     It  is  decomposed  by  wnter  into  h 
chloric  and  cenanthylic  acids.     (Cabours,  Gompt.  rend.  xiv.  724.) 

gWAJtTHYlH    HTSSXSa  OP.     6yn.    with    CEbcjurrHoi.  (p.  174). 
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CVAVHTTX-AOSTOim.     Stc  OBmaittkyuinb  (p.  178) 

Produccil  by  the  action  of  Hininoniu  no  ceuauLhylic  anhydride.  CryittaUiiteH  from  a 
Killing  dilute  alcoholic  solution  in  small  scales ;  occHsionally,  howevrr.  tiie  crystalliaiitiop 
does  Qot  begin  till  sonie  time  afier  the  aolutionbaa  completolj  cooled.  (Chiossa  and 
Malerba,  GerkardCt  TraiU,  u.  728.) 

onr A2ITU V liBVB.    Syn.  with  Hefttlxxb  (iii.  U). 

<KirAjrTinr&ZG  aczs.      C'H'*0*    =    ^'2'**^|o.     (Laurent,   Ana.  Ch. 

Phys.  Uvl  173.— Tilley,  Anu.  Ch.  Phann.  xxxix.  160;  livii  106.— Buasy,  J. 
Fhurm.  [3]  Tiii.  329.— Schneider.  Ann.  Ch.  Pharni.  Ixx.  112.— Aribicher,  ihid, 
cxxiii.  200. — Brazier  and  OossUth,  ihid.  baxi.  268).— Thia  add  was  first  obtained 
by  LtiQrent  in  ai)  impure  9tat4>,  and  caliod  a^oleic  add ;  Bcrzeliua  cuUed  it  ahoieic  acid. 
It  owum  in  the  fusfl-oil  of  spirit  prepan'd  fmm  niaizft. 

It  is  prudueed  by  the  oxidiition  of  (cnanthol  in  tlio  air,  or  in  oxygen  gas,  or  when  that 
compound  ia  boiled  with  nitric  acid  (Bnssy,  Tillpy),  or  with  chromic  acid  (Braaier 
and  OossUth);  also  by  boiling  castuiMiil  witb  dilute  nitric  acid  (Tilley).  or  with 
chromic  acid(Arxaeher^;  by  heatinj;  thi»  distillate  obtained  fh>ro  caator-oil  with  nitric 
acid  (Schneider.  Ann.  Ch.  Pliurm.  Ixx.  ll'i),  or  that  from  oleic  acid  with  strong  uitrie 
acid  (Laarpnt.  Rrdtpnbaoher.  lix.  41);  tpy  oxidising  heply  lie  alcohol  with  chromate 
of  potassium  and  aulphuric  acid  (Schorle  mmer,  P^roc.  Roy.  Soc.  li?.  171);  by  the 
action  of  nitric  acid  on  Chinese  wax.  (Buckton,  Chem.  Soc  J.  x.  166);  on  aselaic 
add,  and  on  spermaceti  (Arppe,  Ann.  Ch.  Pharm.  cxx.  288) ;  by  the  action  of  potash 
oncsnauthul  ^Busay.  p.  176);  and  by  melting  aebadc  acid  with  potash  (Kuch.  Ana. 
Ch.  Phiirm.  cxix.  173). 

Prcparatum. — 1  pt.  of  cenanthol  ia  distilled  with  2  pto.  of  a  mixture  of  1  toL 
strong  nitric  acid  and  2  toL  water  till  the  greater  part  has  passfnl  over;  the  oily  dia- 
tillatA  drcJint«d  from  the  acid  water  is  satarated  with  barytn-water  and  eraporated  to 
the  crystallising  point;  and  the  btirium-aiiU  which  crj'stiiUisea  out  is  docomfKwed  by 
sulphnric  or  phosphoric  acid  ;  the  cenanthylic  acid  then  riwes  to  the  mirfuco  in  the  form 
of  a  colonrleHS  liquid.  An  additional  quantity  of  OBnanthylatc  of  barium  may  be 
obtained  by  washing  the  residue  in  the  retort  with  water,  which  extracts  oxalic  and 
nitric  acida,  and  neutralising  with  baryta-water.     (Bubs  v.) 

2.  A  mixture  of  1  pt.  castoroi!  and  2  pta.  of  nitric  acid,  diluted  with  an  eqaal  bulk 
of  water,  is  hented  in  a  retort;  a  violent  action  then  takes  place,  so  fhat  the  retort 
must  be  rcmorod  from  the  fire  till  it  diminishes,  ai^cr  which  the  diatilUtion  is  con- 
tinned  for  aevoral  daya.  Tho  receiver  contains  the  oily  acid  ;  the  ret4)rt,  the  watery 
liquid  and  a  thick  fatty  substance  which,  when  distilled  with  water,  yields  a  large 
adtlittonol  quantity  of  the  oily  add.  The  product  ia  washed  with  water,  diatilied 
with  water,  and  dried  by  fused  phosphoric  acid.     (Tilley.) 

Propfrtu*. — Gi^nanthylic  acid  ia  a  tranf^parent  colourless  oil,  baring  an  unploaaani 
odour  like  that  of  cod-A»h,  faint  in  the  colc]^  but  becoming  stronger  at  higher  tempera- 
tureflt  And  a  pungent  exciting  taste.  It  begins  to  buil  at  148°,  bat  decompoaea  and 
blackens  when  subjected  to  contiuued  difitillution  (Tilley);  boils  at  212°(Strecker)^ 
Lehrb.  v.  96).  Accordiog  to  Stadeler  (Jahresb.  ISA7,  p.  148).  it  bua  a  spedfie 
grarity  of  0  9107  at  2-1'',  and  boils  at  218°  It  dinflolves  in  strong  nitric  acid,  and  ia 
predpitated  lherefi*om  by  water.     It  is  soluble  in  afcuhol  and  in  etkcr. 

Dteompoaitions. — 1.  CKnanthylic  acid  bums  with  a  white  flsme  (Tilley).  - 
3.  Heated  with  goda-ley  it  forms  a  neutral  oil  (ArabScher). — 3.  Ueatei)  m\\)x  potash  •lime 
it  yields  gaseous  aud  liquid  hydrocnrbons  of  llie  formula  C*H^  (Cabours,  Compt. 
rend.  xzxL  141). — 4.  Ili-nt^'^d  with  fiarf/ta,  it  yields  a  hydrocarbon  boiling  at  about 
68*,  and  haring  the  composition  of  hydride  of  hexyl.  C*H'*  (Riche,  Jahresb.  1860. 
p.  248). — 6.  When  distiiled  with  pmtachluride  oj  pho*phnru»^  it  yields  chloride  of 
mnunthyl  (Cabours,  Compt.  rend.  xxv.  724). — 6.  A  ccncentrated  solution  c^  cenan- 
thylate  of  pc»lasaium  decrtmpusod  by  a  current  of  six  Bunsen'i  cells,  gives  off  hydrogen 
and  carbonic  acid,  while  UHUlnil  wid  iiuil  cnrliouate  of  jKituasiura  are  fomif^  and  un 
oilriaee  to  the  surfiice,  which  whendislilled  with  potash,  leaves  aenanthylato  of  potassium 
and  yields  a  distillate  eonsiHting  mainly  of  hexyl  and  a  hydrocarbon.  CHI'*,  boiling  at 
170°.     (Brazier  and  Oossleth.) 

(EKjumn-LATss.  C^iP'MO  and  C'^K'Oi'O*.— The  immonitm  and  potassivrn 
saftt  ore  very  soluble  in  water. — The  harivm-saU,  C'*H*Ba''0*  (prepared  as  above) 
fortns  white  nacreous  scales  or  lanc»H-ahaped  tablets.  It  has  a  faint,  slightly  bitter 
taste,  exhales  an  odour  of  perspiration  whf-n  nibbed  between  the  finprrs:  dissolves  in 
57  pts.  water,  at  23°  (BusiyX  rery  wisily  iu  hot  water,  still  morf  eji.«*ily  in  hot  alcohol 
of  85  percent.  (Artbacber) ;  insoluble  in  ether.— The  mpptr-natt  ht-pamtes  after  a 
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while  from  a  mixture  of  the  fno  acid  with  caprie  acetate,  in  needlaa  hanoiak 
grec>ii  culoor  and  silky  lustre. — The  Uad-taU  is  pi«ci{»tat«d  br  nentiml  acetate  cfU 
from  a  eolation' of  oenanthylate  of  potosaiam,  aa  a  lemoo-yeUow  powder,  iimliyia 
viLter,  but  soluble  io  boilisg  alcohol,  whence  it  separttea  in  small  aealea  on  eoalat- 
The  ailviT-saltf  C^"AgO',  is  obtained  on  adding  nitzatc  of  silTcr  to  the  acidBettiU 
with  ammooia,  as  a  white  precipitate,  insoluble  in  water,  and  tiinung  Inoviiflaa^ 
sure  to  light  By  dry  distillation,  it  yields  an  oU,  and  a  aolid  anfaitaan  ibi 
crystallises  in  needles  from  hot  alcohol ;  both  are  add.     

(Enanthyl.  Anhydrous  (Enanthyiic  add.  (Ghiozsa  andMalerb%  Aiui.Ch.ABl 
xci.  102). — Produced  by  the  action  of  pentacblorida  of  phon>honu  on  aaMsAfm 
of  potassium.  It  is  a  colourless  oil,  d  specific  ^vity  0*9 1  at  14°.  At  oria^ 
temperatures  it  has  a  faint  odour,  like  that  of  capzyUc  anhydride.  It  giras  oat  n  • 
matic  odour  when  heated,  and  smells  rancid  if  kept  in  badly  closed  Teasel& 

With  alkalis  it  behaves  like  other  anhydrides,  and  with  canstio  «'"»**«^*  k  jUb 
omanthyUmide,  N.C'H'»O.H». 

(nrJUTTSTXXO  BTBnw.     1.  aSnanihylaie  of  Eikyl,  C^'IOHPff^M 

obtained  by  passing  hydrochloric  acid  gas  through  an  alec^olic  solntaon  ai  tnuJifk 
acid(Tilley),  or  cenanthol  (Williamson).  It  is  a  colourless  oil,  lighter thu  vria 
and  solidifying  in  a  freesing  mixture ;  has  a  pleasant  fruity  odonr ;  is  insoluble  in  wti 
but  dissolTes  easily  in  alcohol  and  ether ;  distils  easily  but  irith  eooBtaatly  mn 
boiling  point ;  bums  with  a  clear  but  fiiliginons  flame. 

2.  (Enanthylate  of  Phenyl,  CH*^C■H»)0^  produced  by  the  action  of  dUft 
of  ffinanthyl  on  phenolic  alcohol,  is  an  oil  boiling  between  276^  and  280°.  (Caksm 
Ckimpt.  rend,  xxxtiii.  257.) 

(BtrjurrBno-BSHXOXO  avbtbbzdb.   C^H'*0.C^*0.0.— ^oe  Bb» 

<£NAKTHTLIC    AkHTBRIDB  (i  568). 

<nr AVTBTXiO-ctnaxwzo  JuncnmzBB.  C*H^.C**a"0.0.— Seada* 

(ENAKTHTUO  AkHTOJUDB  (ii.  180). 

aWAjrXBT&OVa.      G"H*>0    -    C'H*«O.C*H".     (Enanihsfl^aeHtme,    (UUb 

and  Seekamp,  Ann.  Ch.  Pharm.  criii.  179.) — Produced  by  the  dry  distiOitiR^ 
otnanthylate  of  calcium,  and  purified  by  rectification  and  czyatallisation  from  dedi 
It  crystallises  in  large  colourless  laminae,  of  spedflc  gravity  0*825,  melts  at  80",  soUdib 
again  at  29-60  boib*  at  2fi4''. 

Til  ley  (Ann.  Ch.  Phnrm.  ixrii.  110).  by  heating  1  pt.  of  cenanthol  with  6or  (]fe 
hydrttte  of  potassium,  obtained  an  oil  boiling  at  120°  and  containing  79*8  percSL 
carbon  and  133  per  cent,  hydrogen.  To  this  compound  Tilley  aaeigned  the  ftnui 
C**fP*0  (requiring  78*2  per  cent.  C,  13-3  H,  and  7*5  oxygen),  designating  it  as  kf^ 
fifcpnanthyL  Gmelin  (Handbook,  xii.  451)  soggests  that  it  may  be  maattlh^ 
the  formula  of  which  requires  78-8  per  cent  C,  13*1  H,  and  8*1  O. 

(■VAWTBTlp-StnWinUO  ACZ1>.  Syn.  with  Hkpttx^bvi.pkuuo  Aa 
(iii.  149). 

IMMJkM  TU I  JbOtrs  ACXB.    Syn.  with  (Ekakthic  Acid  (p.  174). 

OEirO]*.    Syn.  with  Masrm.E2ns  (Berzelius). 


C'*H"0*. — A  colouring  matter  obtained  firom  red  wine  hf  \ 
tuting  with  basic  acetate  of  lead,  exhausting  the  dried  precipitate  with  other  #*mi  , 
hydrochloric  acid,  then  with  pure  ether,  digesting  the  aii^^ed  reaidn«  with  aleahi 
and  mixing  the  concentrated  alcoholic  Rolution  with  water.  (Enolin  ia  than  pi««ntaM 
in  a  mass,  which  is  brown-red  while  moitit,  nearly  black  when  dry,  but  yie^  a  firiit 
red  ur  brown-red  powder ;  it  is  nearly  insoluble  in  pure  water,  more  solable  ia  etft 
containing  regetable  acids,  easily  soluble  in  alcohol,  insoluble  in  ether.  It  ftmi 
Irad-compound  contAining  C"H'"Ppb"0'*.  (GlAnard,  Compt.  rend.  zlviL  HHi 
Juhrpsb.  1851,  p.  476.) 

avOMBTXIU  A  hydrometer  specially  adapted  for  determining  the  aleoiofc 
strength  of  wines. 

Onrvx.    Syn.  with  Hbsittl. 

nSTBSTZTB.  A  silico-titanatc  of  zirconinm  occurring  at  Arendal  in  Kon* 
commonly  in  crystals  of  pyroxene,  in  dimetric  crystals  in  wmch  P:  P  ^  123° itf. 
UardneM  »  65.  Specific  grHTity  «  3*629.  It  is  opaque  or  subtranalncvvt,  viB 
reddish-brown  colour,  and  splendont  adamantine  lustre.  Infusible  before  the  Uo» 
pipe,  and  according  to  Berzelius,  gives  a  truce  of  tin.  Contains,  acooidi^k 
rorubhammer  (Pogg.   Ann.  xxxv.  GSOJ,    19*71   per   cent   silica,    68*79 
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•nhjdrido  :iml  zirconia,  2*61  hrae,  2*05  magnesia,  1'14  ferroiu  oxide,  and  6'62  watcv 
(«  lOo). 

Orr  A  KBAMOimx.    An  old  name  for  acid  carbonate  of  anunoninm  precipitatad 
Jbj  aleobol  from  aqueous  solutioo. 

OOBOZTB.    See  BxpiooLrra. 

OSIi  OAS*  When  a  &t  oil  is  made  to  fiall  in  drops  on  iron  or  earthenware  at  a 
low  red  heat,  it  is  for  the  most  part  resolred  into  a  gaseous  mixture  of  ethylene,  marsh- 
SM,  hydrogen,  carbonic  oxide,  and  the  vapours  of  benzene  and  certain  empyreumatic  oila, 
,The  gM  thus  obtained  is  far  superior  in  illuminating  power  to  ooal-gas,  and  was 
matured  some  yean  ago  on  a  somewhat  considerable  scale,  and  sold,  condensed  in 


atroDg  iron  cylinders,  as  "  portable  gas; "  but  the  procees  was  not  found  profitable,  and 
bM  been  long  since  abandoned.  For  a  description  of  it  see  Ur/a  DicHonary  of 
Ckemutry,  4th  ed.  p.  642. 


Ot&,  OWMWMMMMt  or  SBMSCA.  A  name  sometimes  applied  to  American 
petroleum,  because  it  waa  formerly  collected  and  sold  by  the  Seneca  and  other  Indiana 

f      OZ^  MIWWiftYN     See  PBTROLnim. 

.      OZ&  Ol*  VZTSZO^     Strong  sulphuric  acid 

f      OZ&  Ol*  -wrmm.    See  Ethxrik  (li.  507). 

t  OSXA.  The  term  "oil'  was  originally  applied  to  certain  well-known  neutral  com- 
pounds  occurring  in  thfi  bodies  of  living  plants  and  animals,  and  possessing  the  following 

,  praperties  : — They  are  liquid  at  common  temperatures ;  have  a  more  or  less  riscid  con- 
•urtence ;  are  insoluble  or  nearly  insoluble  in  water,  but  dissolre  more  or  lees  readily 
in  alcohol,  very  easilv  and  in  all  proportions  in  ether ;  take  fire  when  strongly  heated  in 
thft  air.  and  bum  either  alone  or  by  means  of  a  wick,  with  a  more  or  less  fuliginous 
flame.  There  are  many  other  liquids  possessing  the  peculiar  consistence  called  "oily," 
namely,  some  members  of  the  fatty  acid  series,  butyric,  ralerianic,  csproic  acid,  &c., 
many  organic  bases,  as  the  higher  homologues  of  ethylamiae,  certain  natural  alkaloids 
-—nicotine  and  conine  for  example-^andmoet  of  the  compound  ethers.     But  when  we 

rkk  of  an  "oil "  we  generally  mean  a  neutral  body,  formed  by  natural  processes  in 
living  animal  or  vegetable  organism,  and  possessing  the  properties  just  specifled; 
and  in  that  sense  the  word  will  be  used  in  the  present  article. 

Natural  Oils  are  divided  into  two  great  classes,  fat  or  fixed  oils,  and  volatile  or 
^••ential  oils. 

A. — Fat  ob  Fixnn  Oils, 

These  bodies  exhibit  veiT  great  similarity  of  chemical  composition,  most  of  them 
being  glyccrides,  and  resolmble  by  saponification  into  glycerin  and  certain  fiitty 
acids,  chiefly  stearic,  palmitic  and  oleic  acids.  They  farther  resemble  one  another 
in  not  being  capable  of  distilling  without  decomposition,  by  which  character,  as 
well  as  by  their  composition,  they  are  easily  dietin^isbed  from  the  volatile  oils.  Fat 
oils  are  dirided  into  drying  and  non-drying  oils.  The  former  thicken  when  ex- 
posed to  the  air,  absorbmg  oxygen,  and  being  ultimately  converted,  if  spread  over  a 
luge  surface,  into  a  yellowish,  transparent,  supple  membrane  or  varnish.  This  property 
Tenders  them  available  for  the  preparation  of  varnishes  and  oil-coloura.  To  this  class 
belong  linseed,  nut,  hemp  and  poppy  oils ;  they  contain  an  olein  different  from  that 
of  the  nun-drA'ing  oils,  and  yielding  by  saponification,  not  oleic,  but  linoleic  acid  or  an 
add  similar  thereto. 

The  non-drying  oils  are  likewise  gradually  altered  by  exposure  to  the  air,  though  in 
a  different  manner.  They  turn  rancid,  that  is  to  say.  they  aoc^uire  an  acrid,  disagreeable 
taste,  gradually  lose  their  colour,  and  to  a  certain  extent  their  fluidity,  and  acquire  the 
power  of  reddening  litmos.  This  alteration  -  -which  never  takes  place  in  pure  glycerides, 
such  as  stearin,  palmitin  or  olein,  or  in  mixtures  of  them— is  due  to  the  presence  of 
foreign  matters,  namely,  the  cellular  substance  oi  the  plant  or  animal  from  which  the 
oil  has  been  extracted.  Theee  substances  act  as  ferments,  and  give  rise  to  the  decom- 
position  of  a  small  quantity  of  fatty  matter  in  contact  with  them,  the  palmitic  oleic 
add,  &C.,  of  this  portion  of  the  oil  being  then  set  free,  and  small  quantities  of  odorous 
volatile  acids  (butyric,  valerianic,  caproic)  being  formed  at  the  same  time,  probably 
from  atmospheric  oxidation.  By  exhausting  randd  oils  with  boiling  water,  and 
treating  them  in  the  cold  with  a  weak  alkaline  solution,  they  may  be  freed  from  these 
pmdncta  of  decomposition  and  restored  to  their  original  state. 

The  mode  of  occurrence  of  fat  oils  in  the  bodies  of  plants  and  animals,  their  decom- 
position by  distillation,  and  their  reactions  with  alkahs,  acids,  &c.,  have  already  been 
described  under  Fats  and  Givcxjunxs.  The  individual  oils  are  deMTibed  in  their 
respective  alphabetical  placns.    For  the  methods  of  extraction  on  the  large  scale,  and 
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purification,  see  JJre*  Diet,  of  Arts,  Ac.  iii.  276.  The  following  tabla  exMbita  a  li4 
of  the  priaeipttl  vegetable  fat  oiU,  together  vith  their  specific  gniTiti«  snd  solidifvae 
points,  so  fiir  as  thej  hare  been  determined.  The  specific  gniTiti«s  marked  wita  an 
asterisk  are  according  to  determinations  (taken  at  16°)  by  CloffS  (Bull.  Soc  Oam. 
lS6d,  p.  46) :  the  rest,  and  the  solidifying  points,  aro  taken  from  ChtuUtCa  Blandbotk. 
The  numbers  in  the  last  oolnmn  denote  the  temperaturea  at  which  the  oils  beeont 
perfectly  solid :  neariy  all  of  them,  however,  become  risooas  or  semi-flolid  at  tewpm 
tures  somewhat  higher. 


NsaworOU. 

K™^U»..h. 

ch               SpMlte 

•w 

1.  Damfa  Oat 

1. 

Cress-^eed  oil    . 

.    LepidiumtaUwrn 

.    0-924 

-  15* 

OU  of  Deadly  Nighta 

oaae.    Atropa  BtUadonna 

.    0-925 

-  27-«» 

Oil  of  Qold-of-Fleasai 

«BMd    CameUna saiiva 

.    0-98075* 

-19* 

Gonrd-seed  oil . 

'    Oueurbita  Pepo 

.    0-9281 

-15* 

Orape-seed  oU  . 

•     Viiis  vintfera    . 

.    0-9203 

-11* 

Hemp-seed  oil  . 

-    Caniuxbit  tatim 

.    0-98076» 

-87-5* 

OUofHonesQr. 

•    Sesperit  matrtmali$ 

.    0-9232 

bdov-lio 

Linseed  oil 

*    Linum  wiiatisnmun 

t         .    0-93615* 

belov-Mr 

OUofMadi      . 

•    Madia  9aHva    . 

.    0-9286  at  16* 

below -10° 

Poppy  oil 
Sonnower  oil    •        . 

•  Papaver  aomni/erum 

•  HeUanthiu  annwu 

.    0-92702* 

-  1«» 

.    0-92504* 

-  16* 

Oil  of  Scotch  Fir  seec 

L        •    Pinvs  aylvtstris 

.    0-9312 

-SO* 

Oil  of  Silver  Fir  cone 

B       •    Abie»  Picea.  Dec. 

.    0-926 

Oil  of  Spruce  Fir 
Fatty  oil  of  Spruce  F 

•    Aifiei  excelsa,  Hec 

.    0-9288 

below -lf> 

a      •    .       , 

.    0-904 

Tobacco-seed  oil 

■   NicoHana  Tabacum 

.    0-92S2 

-  15* 

Walnut  or  Kutoa     . 

'    JugUuurtsfia    , 

.    0-92878* 

-  18* 

Weld-seed  oil    . 

•    BaedaltUeoia   . 

.        .    0-9868 

be!ov-li° 

3.  NoK-DsTmo  0 

as 

(VeffeiabU). 

Almond  oil 

•    Amygdalus  comtntmi 

t        .    0-91844* 

-  ai* 

Beech-nnt  oil    . 

.    FoffUM  aylvaHea 

.    0-928 

-  17-5* 

Oil  from  seed  of 

Butfafrondota 
OUopkjflium  inophyli 

.    0-917 

4>  10* 

Oil  from  seed  of 

turn    ,    0-942 

+  (P 

Oil  from  seed  of 

Canarium  commune 

, 

-i-bto-tSf* 

Oastor^il . 

.    Bieinus  eomm%mie 

.    0'9639* 

—  16* 

Cotton-seed  oil 

.    Goeeypium  barbaden 
•    Brautca  campeetrie  o 

*e       .    0-9806 

Colza-oil  . 

ieifira   0^136  at  150 

--e-ttP 

Oroton-oil 

.    Croton  Ttgiium 

.    0-94268* 

Oil  of  pyperas-graM . 

Oil   of    Daphne    (0 

temnum  Coeeognid 

.    Cypertu  eseukntus  (r 
^1  Daphne  Mczereum 

•oot)  .    0918 

,    0-914—0-921 

Earth-nut  oil    . 

.    Araekia  kypogma 

.    0-918 

ErgotKwl  . 

.    8ecaU  oomutum 

.    0-922 

-  »7* 

Ha»l-nat  oil    . 

•    Corylut  AveUana 

.    0-91987* 

—  10* 

Henbane-seed  oil 

.    Hyoacyttmue  nigra 

.    0-918* 

Horsechcsnut  oil 

.    JSacuiue  Hippoca$ta\ 

««»i  .    0-915 

+  8* 

Mesua-oil . 

,    Memaferrea    . 

.    0-954 

•f  ep 

Black  mustard  oil     . 

.    Sinapia  nigra   . 

.    Sinapia  alba     . 

NigdlaaaHva   . 

.    0-92102* 

below  0* 

White  mnstaid  oil    . 

.    0-98888* 

ten  not  ssUa^ 

Oil  from  seed  of 

.    0-92 

•••  S* 

Oil  from  root  and  see 

d  <^      Pinua  ^uadrifoHa 

.    0-936 

Parsley-oU 

.    PetroaaUnum  aativun 

I         .     I078atl2» 

+  8* 

Plum-kernel  oil 

.    Pnmua  domeatica 

.    0-9127 

Oil  from  seed  of 

Pongamia  glabra 

.    0-916 

Summer  Bape-seed  oi 

1      .    Braaaiea  prmeoae 
.    Braaaica  Napua 

.    0-91566* 

Winter  Bape-seed  ofl 

.    0-91648* 

■  Ultl«»dM»0» 

SesamA-oil 

.    Seaamum  orientale 

.    0-92415* 

-.  ffo 

Spindle-tree  oil 

.    Euongmua  europaua 
.    Euphorbia  Lathyria 

.    096717* 

-12*to— 16« 

Spurge-oil 

.    0-92613* 

-   11*0 

below  +  8* 

OU  finm  seed  of 

StereuUa/mfida 

.    0-928 

Oil  from  varioua  kin 

ds  of    7^«aand  CameUia 

.     0-927 

/forra«aa«iiHA. 
I     BiODat4^a» 
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Clufx  {toe.  cit.)  finds  tiiat  drying  oDb  exposed  to  tbo  air  for  18  monllis  incn»a«o  in 
Weight  by  dboul  7  or  8  per  cent.  (10  gnnB.  linseed  oil  increased  to  10703  ;  10  grnuc. 
p*i\iVy  oil  to  10705;  10  gnns.  h^mp  oil  to  10778);  non^rying  oilii,  which  tiidcRO  but 
slightly  ou  exposure  to  air,  guin  fi^>ni  3  to  fi  per  oent.  (10  grms.  olive  oil  increatfed  to 
lU-372;  almond  oil  to  10*469;  castor  oil  to  10268 ;  borse-chesnat  oil  to  10-642); 
thooe  which  thicken  oonsiderahly,  such  as  rap«f  croton,  and  mostard  oils,  gain  in  toe 
■ame  time  from  5  to  7  per  cent 

3.  Fish  Oils.  Tfaeae  are  non-drying  oils,  obtained  from  fish  and  cetiu'^ouii animals: 
they  have  usuaJly  an  offensive  rancid  odour,  arising  from  the  peculiar  dii*poHitiuu 
above  meiitioQC-tL  When  exposed  to  oold  they  for  the  moat  part  deposit  solid  fata, 
palmitin.  cetin,  &c.,  while  ofein  and  other  similar  fata  remain  in  the  liquid  state. 
Sperm  oil  yields  by  saponification,  physetoleic  acid  at.d  ethal.  or  cetylic  alcohol  The 
most  important  of  thcAe  oils  arc  sperm  oil,  occurring,  together  with  spermaceti,  in 
certain  ei-rtbral  cavities  of  the  stK'rm-whale  (Phf/stUr  macrocrphalut) ;  whale  or 
tr  a  i  n  0  i  1,  from  the  blabber  of  Umana  mysticrtju  and  other  whales ;  sealoil;  sea- 
calf  oil;  shark  oil,  from  Soualus  maximus ;  pilchard  oil;  porpoise  oil, 
front  Drphinns  phocaa ;  dolphin  oil,  from  Iktphinus  glohicepa ;  cod-liver  oil, 
from  the  liver  of  various  specus  of  Gadiis;  ray-Ii  vcr  oil,  from  the  livers  of  Hava 
oUivata  and  R.  ha/i^  ;  and  burbot  oil,  from  the  liver  of  Gadvt  Li>ta  or  Lota  vulgnriM. 
All  tbeoe  oils  will  be  found  ilescribtid  in  their  alphabetical  places;  cod*liTer  oil  aa 
Olsuv  JBCOkrs  Asblli,  doIphin-oil  as  I>KLPiU2r  (ii.  309). 

4.  Otbhr  AniHAt.  Oils. — a.  Oi/  of  AnU.  The  residue  left  on  distilling  anta  with 
water,  yields  by  preasupe  a  yt-llow  or  reddish-brown  fiitty  oil,  which  fltMils  on  water  and 
eolidifiea  at  a  moderate  degree  ul  cuLd. 

6.  OiUfrmn  Egg-yolk. — The  yolk  of  egga  hard-boiled  and  warmed,  yields  by  pres- 
sure, and  by  exhaustion  with  ether»  two  &tty  oils  of  different  constitution.  The  oil 
obtained  by  pressure  is  reddit^h-yeilow,  viscid,  neutral,  and  has  little  or  no  taste.  It 
generally  depoeits  a  solid  fat  and  &<jlidi(ic8  at  4° — 6°  to  a  gpnular  mass,  which  when 
left  to  drain  on  a  filter  leaves  a  solid  fat  melting  at  66*.  The  oil  freed  from  tbia  fat 
is  thicker  than  linseed  oil.  and  solidifies  to  an  amorphona  mass  at  0°  (Planche, 
J.  Pharm.  L  433).  It  coutainn  jj^  of  cholesterin  (Lecnnu,  ihid.vt.x,)\  aUovoliililo 
adds  (Redtenbacher).  The  i>il  extracted  by  ether  has  a  fine  pure  yellow  colour, 
an  acrid  taste  and  an  unpleasant  odour,  absorbs  oxygen,  and  contains  in  addition 
to  the  true  oil,  a  viscous  Bubgtanw  riimilar  to  or  identical  with  lecithin  (iv.  666),  whieli 
may  be  separated  by  6ltratiun  and  pi%»«ure.  The  oil  thus  purified  and  likewise  that 
which  ia  extracted  from  the  yolk  by  pre*i*ure,  aulidify  at  —6-'  to  a  graiiuhir  m*ias  con- 
taining chole^wtf  rin.  Both  oils,  when  exj>rtsed  to  the  coM,  deposit  a  mixture  of  mar^- 
rin,  chole3terin,  and  colouring  matter.  They  are  free  from  phoephorus  and  sulpliur, 
and  differ  from  other  oils  only  by  cuutainiug  colomng  matter  and cholesterin,  (Qob- 
ley,  J.  Pharm.  [3]  ix.  12.) 

7.  Lard  oil. — A  nearly  colourless  oil  obtained  by  pressing  hog*a  lard,  aad  used 
in*  sreaaing  wool.  Specific  gravity,  0  916  (Chevrcul)  100  pis.  boiling  alcohol 
diMolve  123  pts.  of  it  Acco^ng  to  Braconnot,  laid  yields  0  62  of  its  weight  of 
ibis  oil. 

8.  Nraft'fooi  oil. — The  feet  of  oxen,  after  the  hair  and  hoofii  have  been  removed,  yield 
when  boiled  with  water  a  peculiar  fiatty  matter,  which  after  a  while  depoaitaae«mi-9olid 
fat  leaving  an  oil  which  does  not  solidify  at  0°  C,  and  is  not  Liable  to  become  rancid. 
Thiti  oil  is  used  for  many  purpoees,  eapecially  for  oiling  church  clocks, 

c  Oil  of  SHAnfor/jti, — Obtained  by  exhausting  *he  catt-Tpillara  with  alcohol  and 
WBsbtag  the  exlmct  with  hot  water.  It  is  brownish-ffreen;  lighter  than  water;  neutral ; 
remains  liquid  at  0**;  dissolves  easily  in  cold  aleobol  and  ether;  is  easily  sapoDilled  by 
potaeht  leas  easily  by  lend-oxide,  yieldiuj^  stearic  acid  and  a  licjaid  acid,  probably 
oleic     (Lassatgne,  J.  Chetn.  Med.  xz.  471.) 

Adulteration  of  Fat  oil s. — The  difference  in  price  of  the  several  fat  oils  often 

gives  rise  to  fraudalent  admixtures;  thus  the  best  olive  oil  for  table  use  la    aome- 

timee  mixed  with  inferior  oils,  such  as  poppy,  aeaam^  or  emlh-Lut  oil ;  olive  oil  inteu- 

L  ded  for  manufacturing  parpoeoB  is  adulterated  with  colza  oil ;   the  lutti^r,  sometimra 

I  with  poppy,  licu^eed,  or  more  often  with  whale  oil,  &&     The  methods  of  detecting  tbuse 

Adulterations  are  not  very  HHliafactory. 

Lef^brre  proposes  to  distinguish  fat  oik  by  their  density,  and  has  constructed  for 
this  purpose  a  hydirometer  of  peculiar  construction,  called  uc  oleometer,  having  a  very 
large  cylindrical  bulb  and  a  very  long  stem,  on  which  nre  iniwribed densities  from  08 
to  O-9'l  fur  the  temperature  16^,  each  density  correspondinpr  to  that  of  a  cummerpcirtl 
oil,  e.g.  0*517  to  obva  oil,  0*925  to  poppy  oil,  09"i9  tu  Hii^^khI  oil,  &c.  An  ordinary 
centesimal  iilco bolometer  may  also  be  used  fur  tin-  purpuse.  The  difference  of  deuitity 
betwem  diSereot  fat  oJJs  is,  howeit'r,  not  auSlcMilly  ^nat  to  enable  them  to  be 


IBS 


OILS  t  FAT  OR  FIXED. 


detertcl  with  certJiiDty  in  mixture*  by  such  n  mMhod,  inorw>Ti»r  it  ha#  not  b«ai  pmol 
that  the  density  of  the  oil  obtAiDed  fpom  wiy  givcu  source  is  really  conatiukt. 

Oobley  (J,  Pharm  [3]  IT.  285:  T.  67)  hmitftthetweof  the  hydronifit*Tlo  the  d*- 
teotion  of  poppy  oil  in  olive  and  almond  oiI«.  For  this  porpo«e  be  aaea  a  hydrometer 
{flt»>m^tet)  with  Toiy  largv  bulb  and  thin  atom.  At  the  teraperatore  of  12  5°  C.  the  i»- 
itrumpnt  sinlu  to  zero  id  pore  poppy  oil,  which  is  the  deoiest  of  the  rhret*,  and  to  AO^ 
in  pare  oliro  oil,  which  ia  the  lighteKt.  The  space  between  0^  and  60°  is  dirided  isU 
60  equal  parts.  ^ 

Poulot  of  Marseilltiff  bi>at«  up  tlip  oil  to  be  tested  with  one-twvlfth  of  ita  wci^it.fl 
of  ft  solution  of  marcury  in  Btrong  nitric  tcid-  The  nitpoua  Bcid  or  nitric  peroude  1 
erolred  from  this  eolation,  converts  the  liquid  olein  into  solid  eUidin(ii.  368),  caosinp  the 
olive  oil,  if  pure,  to  solidify  completely  after  one  or  two  hours'  cont-act,  wherese  in 
preMDce  of  poppy  oil  or  other  dr}'ing  oils,  which  are  not  solidified  under  the  same  cir- 
cnmatanoes,  the  solidification  is  rftimled,  and  for  a  lougor  time  in  proportion  to  the 
quantity  of  diying  oil  present.  In  m»king  theso  experiment?,  it  ic  b«it  to  use  strone 
nitric  acid  contaiuiug  citric  peroxido;  to  agitate  2  or  3  cubic  centiroetres  of  this  ada 
irith  the  olive  oil  under  examination;  and  to  perform  the  same  experiment  on  perfectly 
pore  olive  oil  in  a  bottle  of  the  same  iiixe.  The  two  vessels  are  then  left  in  a  cellar,  op 
a  n>om  the  temperature  of  which  does  not  exceed  10°,  and  the  moment  whpn  the  oil 
becomes  thick  enough  to  remain  in  the  vessel  on  inversion  is  carefully  observed.  U 
the  specimen  under  examination  is  pure,  it  will  solidiiV  at  the  same  time  as  the  otber^ 
but  if  it  contains  avcxi  1  pt.  in  a  hundred  of  poppy  oil,  its  solidification  will  be  retarded 
40  minutes,  and  longer  still  fur  a  larger  quantity. 

Man  me  n^  (Cumpt,  rend.  xxxv.  S72)  tests  fnt  oils  by  the  heiit  evolved  on  mixiJ 
them  with  strong  siilphnric  acid,  poppy  oil  and  drying  oils  in  general  being  heati 
thereby  much  more  strongly  than  olive  oil :  the  mixture  of  poppy  oil  with  snlphuris 
acid  is  likewise  accompanied  by  a  considerable  evolatioD  of  sulphorooe  anbydrida. 

Heydenreich  and  Penot  propose  to  distinguish  the  sereml  fat  oils  by  Cbe 
colours  which  they  exhibit  in  contact  with  strong  sulphuric  scid.  When  a  drop  of  thiSi 
acid  is  added  to  eight  or  ten  drops  of  an  oil  placed  on  a  plate  of  glass  resting^  on  wtiits 
paper,  the  foUowinjr  colours  are  immediately  ppodneed: — OHw  oil  produces  a  deep 
yelluw  tint  gmiluiilly  becoming  green  ;  iS^'j«nm^-f>rV  a  bright  red;  Cofra  oil  a  greenish- 
blue  aurcolu ;  Popptf  oil  becomes  pale  yellow  with  a  dingy  grey  look;  Hemp  oti  pro- 
duces a  distinct  emerald-green  tint ;  lAnteed  ml  becomes  brown-red,  ch&ne;iiig  to 
'  black-brown. 

Thf^coluors  and  other  reactions  exhibited  in  treating  fut  oils  with  various  acids  and 
alkaline  reagents  have  also  been  examined  by  Professor  F.  C.  Calvert ,  a  summary 
of  whose  results  is  given  in  the  table  on  page  183.  The  columns  headed  •*  +  Caostic 
Br>dA,"  indicate  the  reftults  ohtitinrd  un  adding  that  alkali  to  an  oil  previously  treated 
with  the  reagent  at  the  head  of  the  preceding  column. 

By  these  reactions  it  is  possible,  according  to  Cal  v  ert,  to  ascertain  the  presence  of 
10  per  oent  of  a  given  oil  in  many  cases  of  adulteration  ;  for  example,  poppjr-osl  to 
rape,  olive  in  Oallipuli  and  India  not,  as  all  of  these  assume  a  pale  rose-colour; 
when  poppy-od  is  mixed  with  oUve  or  castor  oils  there  is  a  decrease  in  the  oonsisteney 
of  the  semi-saponitiE'd  mailer.  [Por  details  see  Pharm.  J.  Trans,  xiii.  356;  also, 
Ure$  Duitiowry  of  ArU,  &c  iil  300.] 
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IBuential  oifs.  Esstncfs.  Ethereal  oiU.  DUtiUed  oiU. — These  are  componndi^ 
either  consisting  wholhr  of  carbon  and  hydrogen,  or  of  the  same  elements  with  addition 
of  smaller  quantities  of  oxygtu.  sulphur,  or  nitrogen  ;  of  thin  oily  consistency  at  ordi- 
nary teDip*'ruturc«,  and  wholly  volatile  at  higbor  temperatures;  having  a  peculiar 
and  gwaurally  puugeut  odour;  very  iuilammahle ;  sparingly  soluble  in  water,  but  dis- 
Boltring  readily  in  alcohol  and  ether 

A  lui^ge  number  of  volatile  oilN  occur  ready  fomi^  in  plAuls,  and  a  smaller  number 
in  the  animul  Ijody :  others  are  pruduced  by  dry  diMliliatiou  of  organic  bodies — 
thf*o  are  called  empyreumalie  oils,  e.g.  oil  of  amber,  cojd-oil.  shde-oil,  creaaotf; 
iJippel'H  oil,  &c. ;  others  by  fonui'ntjitioa  and  other  changes  in  (he  inodorous  parts  of 
pUnta  (FaauKKT  Oiis,ii-834).  Pttpuleum,  rock-oil,  mineral  oil crmiD<'ral  naphtha,  must 
alsu  Iw  includtfd  nmungst  the  oils  pruduced  by  the  d>'Com position  of  oi^nic  bodies 
(hoc  Naphtha,  p.  2,  and  Pbtrolkum).  Volatile  oils  are  alw  produced  by  tho  action  of 
siilplinric  nr  phot*pboric  iwid  on  «rgani(!  Ijoilies.  v.ff.  oil  of  wino  by  distilling  alcohol  with 
cxctMis  uf  fiulpburic  acid,  menthcue  (iii.  880)  by  diHtilling  j>eppfrniint-can]phor  with 
phosphoric  ucid.     In  this  article  we  tthall  consider  only  the  volatile  oils  existing  ready 
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h>rme<l  in  the  regetublc  or  aaimiLl  org&nism,  wtiicb  «rd  esp^ciiill^'  dj:>tiiigt)wb«ti  m 
ebdeotiul  oils. 

Only  a  few  voUtilfl  oiln  have  born  obtainml  from  the  aninuO  body — ^the  oil*  of  Uti, 
cafltorvom  uid  ambergria  fur  ex&mple — and  these  have  been  but  Utile  studied,  though 
situilftT  compound*  might  doubtless  be  obtftined  from  many  other  odorous  aoimal  pn»- 
ducts.  But  the  great  source  of  volatile  oils  is  the  Tegctable  kingdom,  where  they  otvar 
iu  very  Urge  quantity  and  in  almoit  all  parts  of  the  plant,  as  ia  the  woud  and  l«ik 
of  tht!  Bt^m  and  root ;  under  the  epidermu  of  the  leaveo,  calycca,  petals,  frnitt  he ; 
in  the  different  coatiags  of  the  seed  and  in  the  cellolar  tiMa*  of  tho fl««d-TeaB«lf) ;  zazvlj 
iu  the  albumen,  sometimea  even  in  the  embryo  of  the  seed. 

These  Tegetable  oils  or  essences  consist  either  wholly  uf  hydrocarbons,  or  of  mixlam 
of  hvdrocarDons  with  compounds  of  carbuo,  hydrogen,  and  oxygen.  Thuse  which  rxisX 
Tftiiy  formed  in  plants  do  not  appear  to  contain  nay  other  element.  Sulphur  is  found 
only  in  certain  ous  reeuitiug  from  a  kind  of  fermentation-process,  as  in  the  volatile  oiU  of 
muHtard  and  garlic ;  nitrogen,  when  it  occurs,  must  be  regarded  as  an  impurity  resalHntf 
from  admixed  vegetable  tissue.  Many  vegetable  essential  oils  when  exposed  to  cola 
are  separated  into  a  solid  compound,  cuUfd  a  camphor  or  stenroptene,  andaliqoid 
oil,  which  for  distinction  is  sometimes  called  an  olieoptone. 

The  following  are  the  mod^s  of  extracting  essential  oils  from  plants : — 

1.  St^  Pressure. — This  method  succeeds  only  with  certain  parts  of  plants  whidl  An 
Tei7  rich  in  oil,  such  as  lemon  and  (M-ange-peeL 

2.  By  DUtiU^itionj  generally  with  addition  of  water. — Heating  without  water  ia  apt 
to  produce  charring  and  admixr,urc  of  cmpyrcumatic  oils.  The  substances  ooDtaining 
the  volatile  oil  are  either  mixed  with  water  in  a  large  still  or  retort,  and  disHlled  aftar 
sufficient  maceration  ;  or  th*-y  arc  placed  in  the  dry  state  on  the  upper  perforatod  bass 
of  the  still,  and  subjocted  to  the  action  of  vapour  of  water.  Alrhoo^b  the  boilixigpoiiit 
of  most  vuUtilp  oils  is  above  that  of  water,  they  nevertheless  volatihsu  at  100^.  in  odd* 
sequence  of  Lhi^  diffusion  of  the  oil-vupour  into  the  vapour  of  water  produced  at  that 
temperature.  In  the  distilhition  of  the  less  volatile  oils,  however,  it  is  osoal  to  add 
common  sail  to  the  water,  in  order  to  raise  the  temperature  a  few  degrees,  and  thereby 
incrfAso  the  tendoney  of  the  oil  to  pass  over  with  the  aqueous  vapour.  The  vmponrf 
condense  iu  the  cooling  tube  or  receiver,  which  in  kept  cold  for  the  purpose  ,  and  the 
wuter  takes  up  as  much  of  the  oil  as  it  is  capable  of  dissolving.  If  the  quantity  of  oil 
present  is  more  than  auffirient  to  saturate  the  water,  the  excess  separates  out ;  in  thu 
contrui^  case,  the  dl^tiUute  is  cohfibaUd ;  that  is  to  say,  the  water  containing  the  oil 
in  solution  is  distilled  with  a  fresh  quantity  of  the  substance  which  contains  the  od, 
and  thereby  made  to  take  up  a  double  quantity  of  oiL  A  more  abundant  prodnrt  ii 
likewise  obtained  by  difltiUing  the  originHl  vegetuble  substance,  not  with  pure  water, 
but  with  water  which  haji  pre^-ioutilj  Keu  ufeed  for  the  same  distillation,  and  is  there- 
fore saturated  with  oil. — If  the  oil  which  passes  over  readily  solidifies,  the  cooUng  tube 
must  not  be  kept  at  too  low  a  temperature. — The  oil  which  collects  either  at  the  top 
or  at  the  bottom  of  the  water  is  separated  by  mechanical  means. 

Many  plants  yield  a  larger  quantity  of  nil  niter  di^'ing ;  and  when  distilled  in  the 
fresh  state,  with  cold  wuter,  they  yield  a  comparatively  lairge  quantity  of  oil  together 
witli  turbid  water;  but  if  cox'eml  with  boiling  water  and  then  distilled,  they  yield 
clear  wat«r  and  lean  oil.  The  cause  of  this  difTerence  is,  that  when  the  plant  Is  dried, 
or  immersed  in  cold  water  containing  air,  the  oil  oxidiseo,  and  ia  thereby  rendered  lesa 
soluble  in  water;  hence  it  forma  a  poon-r  and  turbid  solution,  and  for  the  moet  part 
sepiirHto.4  out.     (Desmarest,  J.  Plisrm.  10,  163;  abstr.  Ann.  Fbarm.  0,  :291.) 

Volntilc  oihi  obtained  by  distiUatirju,  and  likewijte  the  witter  which  passes  orer 
with  them,  have  at  first  an  unpleasant,  empyruuniatic  odonr,  which,  however  is  not 
permanent. 

3.  Many  strongly  smelling  parts  of  plants  yield  no  volatile  oil,  even  by  repeated 
cohobation  with  w^ter,  probably  because  the  quantity  contained  in  them  is  too  small, 
or  l)ecjiuse  the  oil  ii  tou  M>luhtA  in  watt-r,  or  too  much  inclined  to  decompose  by  the 
action  of  air  and  beat;  e.g.  the  flowera  of  muoy  kinds  of  Ifarcissiu  and  Hyaantk; 
of  PdyanthrM  JonquUta^  viola  odorttta,  Jasjninum  oJJT,  Pkiladripkua  cormtaritu,  Titia 
europaa,  Kftrda  odorata,  Heiiotropium  >uropifum.  Such  fiowera,  placed  in  layers 
between  cotton  soaked  in  olive  oil,  impart  their  perfume  tu  the  oiL 

From  some  of  ihem  it  has  boon  found  possible  to  extrnct  the  odoriferous  principle  in 
the  separate  state.  Rohiquet  (^ J,  Phurm.ixi.  33-1)  exhausted  the  fresh  coroUaa  of 
Polyanikeg  JonqniUa  with  ether  in  comprewion-filters;  eepantted  the  upper  yellow 
ethereal  stratum  of  liquid  from  the  lowir  watery  layer ;  di.<itilled  the  ether  from  the 
upper  liquid  at  a  gentle  heat ;  and  obtained  a  n^aidue  consisting  of  crystalline  nodnlea, 
together  with  a  mnthet'Iiquid,  which,  wh^'n  e'F;iporated  in  the  air  gave  off  a  strong  and 
sgrceiible  oduur  tifjonquiFs.  The  cr^'Htalliiie  midule^^  when  purified,  funned  an  inodo- 
ruoa  camphor  j  and  ap^>caicd  to  be  the  oduriferoufi  oil  cunrcrtcd  into  this  camphor  by 
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exposure  to  the  lir.    L.  A.  Buobner  (N.  Br.  Arch.  riii.  70)  obtained  similar  resolte  by 
applyiug  Robiquef  s  process  to  the  flowers  of  Pkiladtlphut,  TUia,  and  Reseda, 

4.  The  less  ToUtile  oila,  aud  more  especiaUy  the  camphors,  are  likewise  frequently 
extracted  by  alcohol  or  ether,  from  whidi  they  are  afterwardfl  sepantedby  evaporation 
and  cooling. 

Many  gum-rcsins,  such  as  myrrh,  do  not  yield  the  oil  which  they  contam,  or  at  least 
yi«ld  it  very  imperfectly, by  distillation  with  water,  because  it  is  enTeloped  in  gummy 
matters.  To  extract  the  oil  from  these  gum-r^ins,  they  are  pulverised  and  then  ex- 
hausted three  times  with  an  equal  quantity  of  cold  alcohol,  agitating  frequently,  and 
leaving  the  whole  to  stand  for  some  time ;  the  filtered  tincture  is  then  poured  into  a 
tnbuU^ed  retort,  both  aperturee  of  which  are  left  open,  and  exposed  for  some  months  to  a 
temperatnre  of  12° — SI'',  till  the  greater  part  of  the  alcohol  is  evaporated  (if  heat  were 
'appUed,  the  oU  would  likewise  pass  over).  The  turpentine-like  residue  is  then  covered 
with  water,  and  distilled  after  twelve  hours,  whereupon  the  oil  passes  over  in  abundance. 
(Bo&astre,  J.  Fharm.  xvii  108.) 

The  product  obtained  by  either  of  these  three  modes  of  preparation  rarely  consists 
of  a  simple  volatile  oil,  but  generally  of  a  mixture  of  two  or  more  oils.  The  lighter 
and  more  volatile  of  these  is  usually  a  pure  hydrocarbon ;  the  other  is  either  an 
oil  containing  oxygen,  or  a  camphor.  These  bodies  are  sometimes  distinguished  by 
their  meltiBg  points :  thus,  a  volatile  oil,  properly  so-called,  often  holds  a  camphor  in 
■dution,  and  the  latter  crystalliAes  out  on  cooling  especially  if  part  of  the  volatile  oil 
(which  is  more  easily  vaporised)  has  been  nreviously  driven  off.  Sometimes  again  they 
sre  distinguished  by  their  different  vohttuity ;  when  such  &  mixture  is  distilled,  the 
boiling  point  is  at  first  low,  but  rises  as  the  quantity  of  the  more  volatile  oil  in  thn 
residue  diminishes,  till  at  length,  when  the  whole  of  the  Utter  has  passed  over 
(together  with  a  considerable  quantity  of  the  more  fixed  oilX  the  boiling  point  no 
longer  rises,  but  remains  constant  In  such  cases,  the  more  volatile  oil  generally  con- 
sists wholly  <3i  carbon  and  hydrogen,  while  the  more  fixed  oil  likewise  contains  oxygen 
The  former  may  be  distilled  without  decomposition  over  fused  hvdrate  of  potassium;. 
but  the  more  fixed  oil  when  thus  treated,  takes  np  an  additional  quantity  of  oxygen 
from  the  water  of  the  hydrate  of  jpotassium  (liberating  the  hydrogen),  and  is  converted 
into  an  add  which  remains  combined  with  the  potash.  Hence  to  separate  the  uoa- 
oxygenated  oil  from  such  a  mixture,  it  is  partly  distilled  so  as  to  leave  behind  the 
greater  part  of  the  more  fixed  oil,  and  the  portion  which  fint.  passes  over  is  made  to 
drop  slowly  through  the  tubulure  of  another  retort  upon  hydrate  of  potassium  kept  in 
a  state  of  fusion  ;  the  non-oargenated  oil  then  passes  over  pure.  (Qerhardt  and 
Cahours,  Ann.  Ch.  Phys.  [3]  1  81.) 

If  a  volatile  oil  has  been  partly  converted  into  a  reain  by  continued  exposure  to  the 
air,  it  may  be  freed  from  tne  resin  by  distillation  with  water.  Anv  moisture  which 
adheres  to  the  oil  may  be  removed  by  continued  agitation  with  chloride  of  calcium,  and 
subsequent  distillation. 

Properties. — ^Volatile  oils  differ  considerably  in  colour.  Hany  are  perfectly  colour- 
less when  pure,  others  are  yellow,  red  or  brown,  and  a  few  are  green  or  blue.  All  of 
them  have  powerful  odours,  some  agreeable,  others  repulsive,  and  a  sharp  burning 
aromatic  taste ;  some  of  them  produce  a  feeling  cd  coolness  on  the  tongue,  '^^y  ^^^ 
not  ^[reasy  to  the  touch  like  faA.  oils,  but  rather  make  the  skin  brittle  and  rough.  Their 
specific  gravity  varies  from  0*847  to  1*096 ;  bnt  the  greater  number  are  lighter  than 
water.  Their  solidifying  points  are  veiy  unequal,  some  solidifying  at  0°,  others 
requiring  a  much  lower  temperature,  while  others  again  remain  solid  a  few  d^rees 
above  0**.  Host  of  them,  when  exposed  to  a  low  temperature,  deposit  a  solid  camphor 
or  stearoptene  (p.  184).  Most  volatile  oils  properly  so  called,  boil  between  150°  and 
200°;  oil  of  ct^ba  at  260° ;  and  several  camphors  between  300°  and  400° 

Volatile  oils  possess  great  refractive  and  dispersive  power,  and  exhibit  great 
diversi^  in  their  action  on  polarised  light,  some  being  dextro-,  others  leevo-rotatoty  in 
very  various  degrees,  while  a  few  are  inactive.  The  fbllowingiable  (p.  186)  exhibits  the 
rotatory  powa  of  a  considerable  number  of  volatile  oils,  together  with  their  refractive 
indices  for  the  lines  A,  B,  and  H,  as  determined  by  Gladstone  (Chem.  Soc.  J.  xvii. 
8),  also  their  specific  gravities.  The  rotatory  power  was  determined  for  a  column 
of  liquid  10  inches  long ;  the  same  length  of  a  solution  of  equal  parts  of  cane-sugar 
and  water  produces  a  deviation  of  f    106°. 

The  blue  or  green  colour  exhibited  by  certain  volatile  oils,  chiefly  firom  plants 
of  the  Composite  order,  wonnwood  and  chamomile  for  example,  is  due  to  an  oily  com- 
pound of  a  very  deep  blue  colour,  called  ccerulein,  which  may  be  separated  by  dis- 
till^on,  going  over  with  the  last  portions  of  the  oil,  but  has  not  been  obtained  pure. 
The  solution  of  this  blue  substance  in  oils  or  alcohol  exhibits,  when  examined  bv 
a  hollow  wedge  and  prism  (IdOBT,  iil  638),  a  very  characteristic  spectrum,  in  which 
the  orange  and  yellow  rays  are  first  absorbed,  and  at  a  certain  depth  nothing  is 
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Specific  Oravitiei  and  Optical  Propaiiet  rfEuenHal  OAb 
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enflTfrcd  to  pass  excppt  tlie  greenioh-blue  rays  and  the  extreme  red  band.    A  diagram 
«f  this  spectrum  is  girpn  in  Gladstone's  oaper  jnst  referred  to,  p.  14. 

Most  of  the  essential  oils  exi»ting  reaay  formed  in  plants  contain  hydrocarbons  of 
the  formula  nC'*H".  Some,  as  tbe  oils  of  turpentine,  lemon,  cnbebs  and  oop&ibo, 
consist  wholly  of  these  hydrocarbons ;  others  contain  also  oxidised  compounds ;  oil  of 
▼intergreen,  for  example,  is  a  mixture  of  a  hydrocarbon,  C'*H",  with  methyl-salicylic 
ether.  These  hydrocarbons  are  separated  by  fractional  distilhtion  as  above  mentioned, 
passing  over  at  the  beginning  of  the  process,  and  are  further  purified  by  rectiflcation 
oTer  soidium.  The  foUoving  table  (p.  188)  exhibits  the  densities  and  optical  properties 
of  a  considerable  number  of  these  polymeric  hydrocarbons.  The  oils  are  arranged  ac* 
cording  to  their  specific  gravities  at  20°  C.  The  oolomn  headed  "  Bif  persion  at  20^  C.** 
girea  the  difference  between  the  refractive  indicea  of  the  lines  H  ana  A.  The  "  sen- 
sitiveness" is  die  amount  of  diminution  of  the  refractive  index  when  the  tempera- 
ture rises  10*^ ;  it  is  calculated  for  the  line  A,  and  the  number  48  is  an  abbreviation  of 
0*0048.  The  "specific  refractive  ener;^"  is  the  refractive  index,  minus  unity, 
divided  by  the  density  (Liobt,  iil  626).    In  tbe  following  table  it  is  taken  for  A,  that 

is  the  column  represents    -4r — . 

These  hydrocarbons  may  be  divided  into  two  great  groups,  the  line  of  separation 
)>eitt^  between  those  from  rosemary  and  clovea.  The  first  group,  with  a  lower  speoiflc 
ffravity,  has  always  a  far  lower  boiling  point,  a  smaller  index  of  rvfraetion,  and  a 
higher  sensitiveness ;  it  has  also  on  tbe  whole  a  smaller  dispersion.  The  specific  re- 
fractive energy*  however,  of  the  two  gronps  is  about  the  same.  The  hydrocarbons  of 
the  first  group  are  also  generally  more  limpid,  and  dissolve  more  freely  in  aqueous 
alcohol. 

These  large  groups  are  further  capsble  of  subdivision.  The  first  ten  hydrocarbons 
in  the  table  resemble  one  another  veTy  closely.  Indeed,  it  is  probable  that  the  three 
which  are  derived  from  the  peel  of  the  orange,  citron,  and  lemon  respectively,  should 
be  considered  as  identical  rather  than  isomeric ;  and  it  is  not  unlikely  that  some  of  the 
others  are  the  same  body  from  different  plants.  Oaoltherilene,  carvene,  and  the  hy- 
drocarbon from  nutmeg,  form  a  small  group,  if  indeed  they  are  not  identical  The 
hydrocarbons  from  wormwood,  anise,  thyme,  mint,  and  laurol-tuipentine,  group  with 
ordinary  turpentine ;  bay,  myrtle,  and  rosemary  stand  alone,  each  naving  a  low  refrac- 
tion and  dispersion,  bat  they  differ  much  in  specific  gravity.  Peppermint  is  somewhat 
intermediate  in  its  properties.  Terebene  and  the  hydrocarbons  from  panley  and 
Eucalyptus  amygdtdina  give  high  refhictive  indices.  It  is  possible  tJiat  some  of  these 
last  contain  a  small  quantity  of  some  hydrocarbon  of  another  type  but  nearly  the  same 
composition. 

Again,  the  second  large  group  with  the  higher  specific  gravities  is  capable  of  subdi- 
vision. The  hydrocarbons  from  cloves  and  rosewood  appear  nearlv,  if  not  quite^ 
identical  in  properties,  and  are  certainly  different  from  patchouli,  calamus,  and  caa- 
earilla. 

Colophene  differs  from  the  second  large  group  in  much  the  same  way  as  that  difiEers 
from  the  first,  though  to  a  smaller  extent. 

All  the  memben  of  the  firat  great  ^up,  with  the  boiling  points  included  between 
160°  and  176°,  have  the  formula  OH'*,  which  is  usually  assigned  to  oil  of  turpen- 
tine on  the  ground  of  its  vapour- density  and  compounds  with  the  hydracids. 

All  the  members  (^  the  second  great  group,  with  boiling  points  included  between 
249°  and  260°  C,  have  the  formula  C**H'\  wiiich  is  assign^  to  oil  of  cnbebs  from  its 
compound  with  hydrochloric  acid. 

Colophene,  with  a  boiling  point  of  315°  C,  has  long  had  the  formula  C*II"  assigned 
to  it. 

The  specific  refractive  energy  is  a  property  of  bodies  intimitely  connected  with  their 
ultimate  composition,  and  it  might  oe  expected  that,  notwithstanding  diversities  of 
boiling  point  and  density,  this  property  would  be  the  same  for  the  di&ront  isomeric 
hydrocarbons.  Yet  though  the  differences  are  not  great,  they  seem  to  be  real,  for  the 
lemon  group  is  uniformly  about  0*649  and  the  turpentine  group  about  0-536. 

The  phenomena  of  circular  polarisation  are  not  of  much  use  in  the  classification  of 
hvdrocarbons,  or  as  a  means  of  distinction  between  the  crude  oils ;  for  it  is  found  that 
different  samples  of  the  same  hydrocarbon,  or  of  the  same  oil,  which  closely  resemble 
one  another  in  other  respects,  frequently  differ  widely  in  respect  of  this  property.  It 
may  be  observed,  however,  that  the  hydrocarbons  of  the  great  lemon-group  exhibit 
the  highest  rotatoiy  power,  and  always  to  the  right,  excepting  that  from  cascarillai 
which  belongs  to  the  same  group,  but  is  nevertheless  quite  inactive. 

I>ecompontions  of  Volatile  Oils. — 1.  Those  oils  which  hare  a  high  boiling-point  are 
partly  decomposed  by  simple  dittiilationt  leaving  a  residue  of  charcoal;  but  when  dis- 
tilled with  water,  or  gently  heated  in  the  air,  they  may  b«  Tolatilised  without  decern 
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Svee^  Ch^vitie$t  Boiling  PoinU^  and  Optical  Propertiet  offfydroeariontfr^m 
Ettmtial  Oits  (Glftdstone). 
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48 

-6846 

-76° 

Turpentine  L . 

•8644 

160° 

1-4612 

0250 

47 

•6885 

+  48° 

V     n.     .     .     . 

•8565 

160° 

1-4690 

•0266 

47 

•5866 

_87« 

m,    .     .     . 

•8614 

160° 

1-4621 

•0249 

, , 

•6864 

-90*' 

.,       IV.      .      .      . 

■8600 

160° 

1'4618 

•0254 

47 

6864 

-88*" 

•8642 

171° 

1-4696 

•0828 

49 

5484 

-1430 

Myrtle 

•8690 

163° 

1-4666 

-0248 

47 

•5258 

+  64° 

Pamley 

•8732 

160° 

1-4665 

•0291 

46 

•6355 

-440 

Boeemaiy       .... 

■8806 

163° 

1-4583 

-0241 

46 

•5305 

+    8« 

Clovee 

•9041 

249° 

1-4898 

•0284 

45 

•5417 

Rosewood       .... 

•9042 

249° 

1-4878 

-0277 

45 

-5895 

-U" 

Gubebs 

•9062 

260° 

1-4960 

•0302 

41 

•5463 

+  59° 

Cabunns          .        ■        •         • 

•9180 

260° 

1-4930 

•0322 

42 

•6870 

+  55° 

„       HJambnig  . 

•9276 

260° 

1-4976 

•0387 

43 

•5366 

+  38° 

Oaecarilla       .... 

•9212 

254° 

1-4926 

-0307 

42 

•5347 

+  73° 

Patohonli        .... 

•9211 

254° 

1-4966 

•0274 

42 

•5391 

Penang    . 

9278 

267° 

1-4963 

•0275 

44 

-5849 

-90" 

„        French    . 

■9265 

260° 

1-6009 

•0262 

42 

-5412 

Colophene       .... 

•9391 

316° 

1-5084 

■0309 

41 

•5418           0^ 

positioa  Bat  even  the  more  volatile  oils,  when  mixed  with  earthy  substances,  aoeh  m 
clay,  chalk,  sand,  &c.,  which  mechanically  prevent  their  Tolatilisation,  are  paitiaUj 
decomposed  by  distillation,  combustible  gases  being  eTolred,  and  charocwl  left  Dehxnd ; 
if  they  contain  oxygen,  they  may  likewise  yield  carbonic  oxide,  acetic  add,  &e.  Whstt 
the  THpour  of  a  Tolattle  oil  is  patfsed  through  a  red-hot  tube,  it  is  resolved  into  eon* 
bustible  gases  and  charcoal,  which  is  sometimes  finely  divided,  sometimes  i^inin|^ 
dense,  and  difficult  to  bum;  the  portion  of  the  oil  which  has  passed  over  nndeeon- 
posed  is  often  found  to  be  altered  in  its  properties,  as,  for  example,  in  its  boiUiw 
point. — 2.  Volatile  oils  are  very  inflammable,  and  bnm  with  a  clear  flame  irtdeC 
deposits  a  large  quantity  of  soot.  If  the  vapour  of  a  volatile  oil  be  made  to  iMoa 
irom  a  fine  jet,  under  a  pressure  of  1-6  centimetres  of  mercury,  it  does  not  take  fln 
till  it  has  reached  a  distance  of  some  centimetres  from  the  jet ;  that  is  to  say,  tOl  it 
has  become  mixed  with  four  or  five  times  its  volume  of  air ;  it  then  bums  with  a  l^riit 
flame,  which  no  longer  smokes,  and  may  be  used  for  illumination. — 3.  Essential  oil% 
when  placed  in  Teasels  not  perfectly  closed,  and  at  the  medium  temperature  of  tbit  air. 
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•bwrb  OT^n  gas ;  ac^oin  the  power  of  reddening  litmiu  stronglj,  from  fbrmntiun  «f 
bensoic,  einnamie,  acetic,  and  other  orgaoic  adda;  and  are  Uien  partially  cunTcrt(>d 
into  resins,  becoming  viacid  and  less  odoriferous,  and  passing  from  the  cokmrless  stat« 
to  jeUow  or  red-brown,  or  from  bine  to  brown.  Oils  thus  altered  are  reecdved  by  dis- 
tUlation  into  pure  oil  and  a  residue  of  resin.  The  absorption  of  oxygen  takes  place 
with  different  degrees  of  rapidity  in  different  oils.  For  the  first  few  days  it  goee  on 
■k>^y,  then  increases  in  rapidity  up  to  a  certain  limit,  beyond  which  it  affain  dimin* 
iahee,  and  after  several  months  becomes  imperceptible.  Daring  this  aiange,  and 
«q»«dally  towards  the  end,  the  oil  exhales  a  sxoall  quantity  of  carbonic  anhydride,  and 
•  atill  smaller  quantity  of  hvdrocen.  At  the  same  time^  a  small  quantity  of  very  acid 
water  is  produced,  which  is  loosely  attached  to  the  resinised  oil,  but  may  be  separated 
from  it  either  by  the  application  of  heat  or  by  exposure  to  the  sun. — i.  A  similar  de- 
composition to  that  which  takes  place  in  the  air,  is  likewise  produced  by  placing  the 
<ril  in  contact  with  nitrous  gas,  which  it  rapidly- absorbe ;  also  by  boiling  the  oil  with 
#tMie  of  copper  or  peroxide  of  Uad^  water  being  then  formed ;  or  by  digesting  it  with 
mtreurie  nitrate  or  ekloridt,  these  bodies  being  thereby  converted  into  mercnroua  ni- 
tnte  and  calomel  respectively.  Volatile  oils  are  likewise  resinised  by  ttannic  ckioride 
wnA.  pentachloride  of  antimont/t  the  latter  often  yielding  reduced  metal.  Oils  which 
•uily  resinise  in  the  air  are  likewise  immediately  thickened  by  agitation  with  a  warm 
flonoentrated  solution  of  neutral  ferric  sulphate. — 6.  Volatile  oils  absorb  chlorine  got, 
with  evolution  of  heat,  and  are  converted  into  viscid  sfQbst&Dces  (Thinard).  Hydzo- 
diloric  add  ia  frequently  formed  in  this  reaction,  a  substitution  of  chlorine  ibr  hydrogen 
likewise  taking  place.  Bromine  exhibits  similar  reactions  (Lauren  t). — 6.  Many  volatile 
oila  proper  give  up  their  hydrogen  to  iodine  so  rapidly,  and  with  so  great  a  devel<^ 
ment  of  heat,  that  an  explosion  takes  place  accom{»Lnied  with  evolution  of  violet  and 
jellow  vapours.  This  is  the  case  with  the  oils  of  turpentine,  juniper,  savine,  lemon, 
lOMmary,  and  lavender.  The  residue  is  a  thickened  oU  or  a  brown  add  reein.  These 
Oils  lose  by  age  the  property  of  deflagrating  with  iodine. — Other  oila  dissolve  iodine 
quickly,  with  or  without  evolution  of  heat,  forming  therewith  a  brown,  thiAiVh  oil,  or 
A  soft  or  hard  reein,  with  separation  of  a  brown  liquid  cpntaining  hydriodic  add.  8uch 
is  the  case  with  the  oils  of  dnnamon«  sassafras,  doves,  rue,  tansy,  caraway,  fennel,  and 
peppermint — 7.  Fuming  nitrio  acid  decomposes  essential  oila  mostly  with  great  ra* 
pidity,  the  action  being  attended  with  evolution  of  gas,  and  with  development  of  heat 
often  amounting  to  the  most  vivid  inflammation ;  those  essential  oils  which  are  not  set 
on  fire  by  Aiming  nitric  acid,  generally  burst  into  flame  when  treated  with  nitric  add  to 
^rfiich  half  its  bulk  of  sulphuric  add  has  been  added.  After  the  combustion,  a  reeidue 
of  charcoal  is  left.  If;  however,  the  oil  does  not  take  fire,  there  remains  a  soft,  bitter 
xeain,  which  retains  nitric  peroxide,  even  after  long  washing  with  water,  and  a  yellow 
or  brown  add  liquid  from  which  water  still  separates  a  resinous  substance.  Camphora 
axe  not  so  rabidly  decomposed ;  several  of  them,  and  other  volatile  oils,  are  converted 
by  heating  with  dilute  nitric  acid,  partly  into  peculiar  acids  (benaoic  and  anisic  adds), 
partly  into  oxalic  add.  Many  oils  turn  yellow  when  mixed  with  one-fourth  to  one- 
iialf  their  weight  of  concentrated  nitric  add ;  others  first  turn  pale  red,  then  bright 
Ted,  and  after  twen^-four  hours,  brown ;  others,  again,  acquire  a  beautiful  violet  colour 
(Bonastre). — 8.  Strong  eulpkuric  acid  mixes  with  most  essential  oils,  causing  rise  of 
t«mperature  and  evolution  of  sulphurous  anhydride,  together  with  a  volatile  oil  which 
•meUs  of  strawberries ;  the  product  is  a  thick  brown  liquid,  from  which  water,  in  many 
cases,  separates  an  isomeric  impound  {^.ff.  anisoin  fiiom  anise^il) ;  in  other  cases,  a 
Inown  acid  substance,  which  behaves,  sometimes  like  artifldal  tannin,  sometimes  like 
an  acid  resin,  dissolves  in  alcohol  and  alkalis,  and,  to  a  certain  extent,  also  in 
water:  heating  the  sulphuric  add  solution  causes  the  mass  to  carbonise.  Camphors, 
which  usually  dissolve  without  decomposition  in  cold  sulphuric  acid,  likewise  become 
charred  when  heated  with  it. 

Combinationa. — a.  Essential  oils  and  many  camphors  are  slightly  soluble  in  voater, 
to  the  extent  of  about  1  pt  in  1,000 ;  those  which  contain  oxvgen  dissolve  more  freely 
than  those  which  do  not.  The  solution  is  sometimes  obtained  by  agitating  the  volatile 
oil  with  water,  but  more  frequently  by  distilling  the  water  with  8ul»tances  which  con- 
tain the  volatile  oit  The  producta  are  called  DiaiiUed  Water*  (Aqua  dietiUata).  They 
are  transparent  and  colourless,  unless  the  oil  is  in  excess,  in  wbicn  case  it  remains  for 
a  long  time  suspended  in  the  liquid  and  renders  it  turbid ;  thev  possess  the  taste  and 
smell  of  the  volatile  oils  which  thej  contain.  Agitation  with  a  fixed  oil  (Davies, 
J.  Fharm.  ix.  16),  or  with  ether,  withdraws  the  volatile  oil  from  the  water,  and  on 
evwM>rating  the  ethereal  solution,  the  greater  part  of  the  oil  is  left  behind  (Son  beiran, 
J.  Pharm.  xvii.  620 ;  xix.  50).  Agitating  the  water  with  common  salt  separates  a  con- 
siderable portion  of  the  oil ;  such  is  the  case  with  Aqua  Feeniet^i,  Mentha  piperita^ 
and  Ornnsmonu,  and  with  water  containing  primrose-camphor.  (Hunefeld,  J.  pr. 
Chem.  ix.  24.)  • 
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To  dctcnniiie  the  qujinlity  of  roltitilo  oil  contained  io  a  diatilletl  vntPT,  half  an 

of  XhB  liquid  is  to  be  mixrd  wiUi  a  boihU  qnantirj  of  gfltthnous  sljtrcii,  and  a  aolotioa 

of  I  grain  of  iodine  in   500  gniinH  of  tilcohol  mid  1,500  grnins  of  watw  added,  with 

ngitation,  till  the  oil  ccaoea  to  give  up  hvdrogen  to  the  ioiliaet  and  coaacqacoUj  ih«      , 

I  iodine  brgina  to  impart  a  Mue  colour  to  tLfi  sturch.      It  must,  howeTer,  be  obsvrv^ 

l^hat  JifftTt'nt  oils  dtatroy  the  blueing  pro^<*jlie8  of  difioreut  quantities  of  iodiiia,  atid 

I'tlittt  therefore  thia  mod<<  of  teeting  can  be  appliad  only  for  comparing  di^rent  eamplta  fl 

^cf  the  same  kind  of  dintilled  wAtvt  ouq  with  the  other.  | 

0.  Volatile  oila  disoolvo  readily  in  aicokol^  and  most  of  tbom   mix  with  absolnta 

alcohol  in  all  proportions.      According   to  SauMura,  the  nolobilitv  of  diff<>r«nt  oils 

incrcufies  with  Uie  quantitv  of  oxygon  which  they  contain ;  hence  also  the  same  oil  is 

more  readily  soluble  the  lon^r  it  has  been  exposed  to  the  air.     Snch  eolotiona  an 

obtAJDcd  by  distilling  part«  of  plants  which  contain  the  volatile  oil  with  alcohol  and  a 

vmall  quantity  of  water,  which  prevents  charring  towards  the  end  of  th«  dutiUaiinB. 

If  any  of  the  preparationH  which  Hputbecaries  call  "Spirits"  aresulutionaof  this  kind,  aa 

alao  perfumed  watrrf^  such  ss  Eau  dr  Coinffne,  Ijavmdrr-tcalrr,  &c.     Moat  eampboa 

alaodisBolre  readily  in  alcohol;  there  are  butfew  which  dissolTewithdifficuIty.  Ailthasa 

aolutions  bum  with  a  bright  flame,  which  is  smoky  if  the  solution  cootaina  mach  oiL 

When  mixed  with  watw,  ihcy  turn  milJiy,  from  separation  of  the  oil,  part  of  which, 

however,  reniaina  dissolved  in  the  acueous  mixture.     If  a  volatile  oil  is  m.ixed  with 

only  a  small  quantity  of  alcohol,  it  does  not  become  turbid  when  mixed  with  wat^ 

and  only  gives  up  ita  alcohol  when  repeatedly  agitated  with  freeh  quantities  of  water. 

Wooi-»ptrit  and  acetone  behave  hke  alcohol ;  so  likewise  do  ether  and  sevend 
other  ethereal  liquids,  excepting  that  from  the  latter  the  oils  cannot  be  »eparat«d  by 
water.  Svi^hidc  of  carbtm  mixes  in  all  proportions  with  volatile  oils,  ana  diBBoivea 
camphoni. 

Volatile  oils  mix  with  fats,  dissolve  most  remm  and  resinoru  colouring  matt^t, 
and  several  organic  hoses;  they  also  mix  with  one  another. 

With  the  aid  of  heat,  tht^y  dissolve  a  tolerably  large  quantity  of  phoapkonu^ 
forming  a  liquid  which  shiuea  in  the  dark,  and  deposits  the  greater  part  oif  the  phu»- 
phoms  on  cooling. 

They  also,  when  heated,  dissolve  a  small  quantity  of  guiphur,  which  crystallisea  out 
again  on  cooling ;  when  boiled  for  some  time  with  sulphur,  they  unite  in  the  devotnpoaed 
stat^  with  considerable  quantitiea  of  that  suhHtance.  forming  a  brown,  greasy,  slinking 
masi^  called  Volatiit  BaUftm  of  Sulphur,  which,  if  heat«-d  for  a  longer  time,  qnicJUy 
evolves  a  large  quantity  of  sulpliuretted  hydrogen  gas.  Moat  camphon  may  alao  be 
made  to  unite  with  sulphur  and  phosphorus  by  fusion. 

7.  Many  volatile  oils  and  camphors  absorb  large  quantitios  of  Kgdroehlorie  mcid  /foji, 
producing  great  rise  of  temponiture,  and  forming  sometimes  oily,  Bometimc«  canipnor> 
oTdal  compounds,  in  which  the  chlorine  cannot  be  delected  by  nitrate  of  silver.  With 
kifdrchromir  aeid  gas  ihey  ln^have  in  a  similar  manner.  Many  of  them  combine  with 
chloride  of  phosphorus  &Tnl  chhridt  of  sufphur,  the  combination  being  attended  with 
evolution  of  heat^  They  likewise  absorb  small  quantities  of  carbonic  oxide,  carbonic 
anhydride,  and  nitrous  oxide  and  larger  quantities  of  sulphurous  anhydride,  aulphy- 
dric  acid  and  fluoride  of  calcium. 

8.  Volatile  oils  mix  readily  n-ith  hydrocyanic  acid^  abstract  that  acid  from  wat^r, 
and  form  a  mixtore  which  does  not  readily  decompose,  and  is  especially  heavier  than 
water  (1 1 1  n  e  r).  They  absorb  a  few  volumes  of  cyanogrn  gas,  and  dii^aolve  iodidf  qf 
cyemoqm  with  facility. 

f.  many  volatile  oils  and  camphors  are  capable  of  mixing  with  certain  organic  adds 
such  as  acetic,  succinic,  benzoic  camphoric,  suberic  acid,  and  the  fatty  acicls.  Strong 
ac«'tic  acid  dissolves  many  volatile  oils  and  camphors  (Fourcroy  and  Vauquelia, 
SchfT.  J.  V.  282;  Vauquelin,  Ann.  Ghim.  Phya  xjx.  279).  Acetic  acid,  which  holds 
volatile  oils  in  solution,  n-ducea  mercurons  nitrate  or  silver  nitrate  at  a  boiling  heat, 
but  not  so  quiclcly  ait  fbrmir  acid.     (Waleker.) 

{.  Only  a  few  oilur  which  contain  oxygen,  and  have  a  slightly  acid  character^  ria, 
creosote,  oil  of  cloven,  and  oil  of  pimento,  absorb  ammoniaeal  gas  in  abundaince.  dia- 
Bolve  in  agtuous  alkalis,  and  form  with  these  and  other  bases,  saline  compound^  in 
whii'h  the  odour  of  the  oil  i^  destroyed. 

Volatile  oils  diaaolve  oxide  of  copper  at  ordinary  temperatures,  but  reduce  it  on 
application  of  heat  (A.  Vogel);  thoy  dissolve  proUtxidc  of  lead  with  facility 
(Schweitzer);  mix  with  chloride  and  fluoride  tf  ars'Mio ;  and  abstTact  commit 
subUmatc  from  its  aqueoaa  solution,  whereby  thoy  become  thick  and  solid.  They  also 
separate  chloride  of  gold  from  its  aqueous  solution ;  and  on  subsequent  exposure  to 
light,  the  gold  is  set  free  ia  the  metallic  state. 

Adultt  rations  of  Volatile  Oils, — The  more  expensive  of  these  oils  arf)  often 
adulterate  with  cheaper  oils  of  the  same  class,  also  with  fixed  oils  and  with  alcohoL 
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I.  With  Fixed  Oiit,^\,  Oils  thus  ftdaltented  lesre  opon  paper  a  greaaj  spot,  vhich 
mnains  eren  alter  long-continued  warming  at  lOO*'. — 2.  When  the  mixtore  u  distilled 
with  water,  the  Tolatile  oil  panea  over,  whue  the  fixed  oil  reinaine,  and  maj  be  detected 
loiy  saponifying  it  with  potash. — 3.  On  dissolring  the  voUtile  oil  in  three  times  its 
volume  of  80  per  cent,  alcohol^  the  greater  part  of  the  fixed  oil  remains  undis- 
■olred. 

n.  With  Alwhol. — 1.  When  the  proportion  of  alcohol  is  large,  the  greater  part  of 
it  may  be  extracted  by  water,  the  liquid  acquiring  a  milky  tnrbiditj.  Hence  the 
quantity  of  alcohol  may  be  determined  by  shaking  up  the  oil  with  an  equal  bulk  of 
water  in  a  graduated  test-tube,  and  observing  the  diminution  of  volume  (Lipowitt). 
The  result,  however,  is  not  quite  accurate,  because  the  SRpanLted  oil  still  retains  a 
portion  of  alcohol — 2.  The  mixture,  when  distilled  with  water,  gives  off  the  alcohol 
at  the  very  beginning  of  the  distillation  ;  and  this  first  distillate,  when  concentrated 
by  rectification  yields  alcohol,  easily  recognised  by  its  smell,  taste,  density,  boiling 
point,  and  flame. — 3.  Into  a  graduated  tube,  two-thirds  filled  with  the  oil,  some 
.  pieces  of  ohhride  of  calcium,  firee  from  dust,  are  introduced,  and  the  whole  is  heated  tcx 
five  minutes  on  the  water-bath,  with  frequent  agitation.  If  no  alcohol  is  present,  the 
lumps  of  chloride  of  calcium  appear  unaltered  after  cooling ;  if  a  small  quantity  m 
present,  theyapj>ear  effloresced  and  baked  together ;  and  a  larger  quantity  causes  them 
lo  deliquesce  with  the  alcohol  into  a  fiuid  layer,  the  oil  floating  on  the  top,  and  appear- 
ing diminished  in  volume  in  proportion  to  the  Quantity  of  alcohol  present. — i.  PbtaS' 
amm  oxidises  in  the  alcohoUsed  oil,  with  evolution  of  gte;  and  the  more  quickly  as  the 
proportion  of  alcohol  is  grei^er.  Twelve  drops  of  the  oil  are  poured  into  a  watch-gUsa, 
■nd  a  piece  of  potassium  as  large  as  a  pin's  head  is  introduced.  If  the  potassium  re- 
mains unaltered  for  12  to  16  minutes,  the  oil  is  pure,  or  at  least  does  not  contain  more 
than  4  per  cent  alcohol ;  if  it  disappears  in  less  than  a  minute,  the  oil  contains  25  ytp 
eent,  alcohol  or  more. — 5.  A  pure  volatile  oil  agitated  with  an  equal  volume  of  olitfe- 
aU  yields  a  clear  mixture ;  whereas  that  which  contains  alcohol  forms  a  turbid  mixture 
the  alcohol  being  separated.    (Bighini,  J.  chim.  m^  xx.  351.) 

III.  Adulteration*  of  expensive  Oils  with  Oil  qf  Turpentine. — t.  The  presence  of  this 
adulteration  may  be  detected  by  the  smell,  especially  on  rubbing  the  oil  between  the 
hands,  or  after  setting  it  on  fire  and  then  blowing  it  out. — 2.  Since  oil  of  tnrpentina  is 
less  soluble  in  hydrated  alcohfd  than  many  other  oils,  the  snspected  oil  may  be  agitated 
with  its  own  bulk  of  80  per  cent,  alcohol ;  if  oil  of  turpentine,  anise,  or  fennel  be  pre- 
sent, the  solution  is  incomplete. — 3.  Oil  of  turpentine  mixes  much  more  easily  with>r0tf 
oi/if,  than  the  oils  of  miujoram,  lavender,  valerian,  sage,  peppermint,  or  wormwood. 
If,  therefore,  3  grms.  of  the  suspected  oil  be  agitated  with  3  grms.  of  poppj/  oil,  and 
the  mixture  remains  turbid,  we  may  conclude  that  the  oil  is  not  mixed  with  turpentine ; 
for  even  a  small  quantity  of  the  latter  would  render  the  mixture  clear.  This  method 
is  not  applicable  to  the  oils  of  thyme  and  rosemary  (Mero,  J.  cbiuL  m^  xxi.  93). — 
4.  Many  volatile  oils  dissolve  the  coluunng  matter  of  «an^a/-UKMKf,  but  oil  of  turpentine 
does  not ;  the  presence  of  the  latter  will,  therefore,  diminish  the  solvent  power  of  the 
other  oil  (Yoget,  Ann.  Pharm,  vi.  42). — 6.  Oil  of  turpentine  becomes  strongly  heated 
and  detonates  by  contact  with  iodine;  many  other  oils  do  not ;  but  if  the  latter  are 
mixed  with  only  a  small  quanti^  of  oil  of  ttupentine,  they  likewise  detonate  by  contact 
with  iodine.    (Tuchen.) 

OlBAVXTai  An  old  name  fbr  Anatase,  from  Oisans  in  Danphinj, 
OXBWXTB.  Dysclaiite. — A  fajrdrated  silicate  of  calcium,  occurring  m  the  Faroe 
Islands,  Iceland,  ana  Greenland,  sometimes  in  prismatic  crystals,  probably  trimetrio 
and  having  the  angle  ooF  :  ooP  «  122°  19',  but  more  generally  massive  and  fibrous. 
Hardness  -  4*5  to  5.  Specific  gravity  ^2362  (Oonnell);  2-28(Koben).  White, 
with  a  shade  of  yellow  or  blu«^,  and  a  pearly  lustre.  Often  (^lalesceDt,  subtransparput 
to  subtranslucent  Tezy  tough.  Analysis  1  isbyv.  Hauer;  2  by  Kobeli  (i?am- 
nuUher^B  Minerdkhemiet  p.  604): 

StO*.       Fe<0\       Ca<0.       Ns*0.      K<0.       H'O. 

1.  Discos  Island,  Greenland    54*81       .    .        27*23      .    .       .    .        18-04 <- 10008 

2.  Faro«       ....  5769      0-64      26-83      0*44      023       1471  =  10044 

These  analyses  lead  to  the  formula  CaK).2SiO*  2HH)  or  periiaps  Cca''H'Si'0«.HK), 
which  is  that  of  a  hydrated  metasilicate. 

OUBAMISB.  C'^H^KO  =*  N.H'.C^'H^.— Produced  b^  the  action  of  alcoholic 
ammonia  on  oil  of  almonds  (Rowney,  Ed.  PhiL  Trans,  xxi.  pt.  2;  Chem.  Soc.  Qu. 
J.  Tii.  200),  or  oil  of  hazel-nuts  (Carlet,  BulL  Soc.  Chim.  1869,  p.  73),  and  purified 
by  pressure  and  recrystf^isation  from  alcohol  It  forms  crystalline  nodules ;  begins 
to  melt  at  79^,  becomes  perfectly  fiuid  at  81^,  and  solidifies  to  a  semi-transparent  mass 
»t  78°  C^owney);  at  75°  to  a  highly  crystalline  masB  (Carlet).    It  is  insoluble  in 
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w*ttrr,  but  diasolTcs  e««Dy  in  warm  alcohol ;  bf^umes  yiiUow  and  rancid  wl»«i  expoaed 
to  the  air;  aod  is  dtv«Mni)oiH'd  by  benling  in  a  sealed  tnlw  with  nlcokoJic  putoA, 
['yielding  oleate  of  pot4ifi8iuiu  (Ciirlct).  II  is  alw  dt^jmposed  by  fuidoD  with  bfdnu 
of  potAwium,  not  by  bctling  with  nqucouA  potJu;b.     (Rowncj.) 

The  conviTBion  of  oiU  and  fatn  into  amidr^  by  ihe  ddion  of  anuiioni&  w«a  flirt 
itoliL-ed  in  1844  bv  BoulUy  (J.  Phunn.  v.  329),  who  however  did  not  obtain  Uwn 
pure,  and  regnrded  the  producta  obUuned  fruu  diffc-rcut  uiU  as  one  and  the  mum 
umiiifj,  which  ho  called  margaramide. 

IflLdUSASCios,  isomeric  with  ulramide,  ia  obtained  by  endoeing  I  vol.  cludiq 
(prepared  from  altnond-nil  with  nitrous  ncid)  with  4  vol.  aqueous  ammonia  and  2  toL 
ucohoL  It  forma  colourltfaa  ibining  neodtcd  which  xoelt  parUally  at  92^.  and  ooa* 
plct«*ly  &t  94*^,  tbti  liquid  solidifying  to  an  opaquf*  maae  at  91**.     (fio  wnej.) 

O&EBVS.    8yn.  with  yoxn-sscm. 

OXXTIAXT  OJL8.     Syn.  with  ETHTUemL 

OXtSrzvzs.  HydrocarbouB,  OH**,  homologous  with  ethylene;  so  called  firom 
their  proi.H>rtY  of  forming  oily  compounds  with  brominu  and  ehlorine,  like  Dutch  liquid 
(see  Hti}BucA]iBON»,  iii.  187). 

O&XXC  ACID.    C"H»*0»  -  ^^''^l^'^Jo.    Cherrcnl.  Becherckes  #iir  Us  torpt 

proB,  p.  205. — Varrentrapp,  Ann.  Ch.  Pharm.  xxxr.  196. — Gosserow,  Ka«tne/a 
Archiv.  f.  Cbem.  u.  MetPorol.  i.  73. — Laurent,  Ann.  Ch.  Phys.  Ixr.  149. — Qottlieb. 
Ann.  Ch.  Pharm.  Ivii.  40.—  Heinta,  Pogsr.  Ann.  Uxxiii.  565;  Ixxxix.  683;  xc.  1*3.— 
Berthelot,  AniL  Ch.  Phys.  [SIxJi.  243. — The  liquid  acid  obtained  by  the  Mpom- 
ficfltion  of  non-drying  oils  and  solid  futs.  Under  the  influence  of  nitrotu  acid,  it  tl 
trannfbnnt^d  into  a  Holid  modiftcation  oallfd  rloidic  and. 

Prrparati&n.  In  the  manufacture  of  Ktearin-candles,  oleic  acid  ia  obtainrd  by 
treating  with  dilute  sulphuric  acid  the  Hme-soap  produced  by  the  HCtion  of  litne  ap(ia 
tallow.  The  fatty  ucida  rei»ulting  from  the  dpcompnsitinn  nre  wnshod  with  hot  wat/r, 
and  solidify  in  mass  on  cooling ;  and  this  mass  when  niibjected  to  preseure,  yirlda  n 
liquid  rich  in  oleic  ncid,  but  »t\\\  retaining  a  considerable  quantity  of  stearic  mnA. 
After  remaining  for  sorae  time  in  a  cold  place,  it  deposits  a  quantity  of  soUd  matlpr. 
and  the  liquid  decanted  from  this  is  sent  into  the  market  as  olfic  iurid.  It  is  an 
impure  acid  containing,  besides  steuric  acid,  a  certain  quantity  of  oxy-oleic  acid  pro- 
duced by  the  oxidising  action  of  the  air. 

To  obtain  pure  oleic  arid,  olive  or  almond  oil  is  nipoQiflod  with  potaah  ;  the  soap  ia 
decompnsod  by  tartaric  acid;  and  the  Mpantt'^d  fatty  acid,  after  being  waahrd,  ia 
heated  for  some  hours  in  the  wati'i^bath,  with  half  its  weipht  of  oxide  of  lead  pm- 
viously  reduced  to  fine  powder.  The  mixture  is  th*'n  well  inhnkeTi  np  with  about  twice 
its  bulk  of  ether,  which  dissolves  the  olt-uto  of  lead  and  learpn  the  dteHtate;  the  liquid 
after  standing  for  some  time  la  decanted  and  mixed  with  hydrochloric  acid  ;  the  oleic 
acid  thereby  eliminated  dissolves  in  the  ether,  and  the  etheTcni  solution  which  ri**s  to 
tiie  surface  of  the  writer  is  d«*«iited,  mixed  with  water,  and  fneetl  from  ether  by  dis- 
tillation. The  residue  is  nearly  pure  oluic  acid,  contjiiniiig  only  a  small  qunntity  at 
oiy-oleic  acid.  To  free  it  from  this,  it  is  8atunit**d  with  ammunia,  and  the  resulting 
Map  is  decomposed  by  chloride  of  barium,  whereby  a  pirecipitate  of  oleate  and  oxy- 
oleat«  of  barium  is  formed,  which  aft«r  drying  is  treated  with  boiling  aleohoL  The 
aolutioii  on  cooling  deposita  crystals  of  oleate  of  barium,  the  oxy-olrate  renuuning 
in  solution  ;  and  from  these  crystals  the  oleic  acid  may  be  separated  in  the  par«  stat« 
by  mnanfl  of  tartaric  acid  tUasolvwl  in  wat*r  which  has  been  prprioimly  frewd  fW>n  air 
by  boiling,  tliu  decomposition  and  the  suKiti-quent  washing  being  carried  on  in  such  a 
manner  as  to  protect  the  uleic  acid  from  the  action  of  the  atr. 

The  mode  of  puriflcatioa  just  described  tnay  be  applied  to  commercial  oleic  acid. 

Prnprrtift. — Oleic  acid  cryelnllises  from  alcoholic  solution  in  dazzling  white  needles, 
and  melts  at  14°  to  a  colourless  oil,  which  (solidifies  at  i°  to  a  hard,  whitn,  crystalline 
mnjts,  expanding  at  the  same  time  to  such  an  extent  that  the  remafning  liquid  i*«^- 
tnided  (Gottlieb).  Specific  gravity « 0808  at  19°  (Chevreul).  The  acid  volatiliara 
in  vacuo  without  dccompo&itiDn  (Chevreul,  Laurent).  It  ia  tasteless  and  inotlorooa^ 
rt-acta  neutral  when  unaltered  (not  oxidised),  also  ia  alcoholic  solution  (Gottlieb). 
It  contains,  according  to  the  mean  of  Gottlieb's  analyses,  76*34  jM-r  cent.  carboD,  and 
12  14  hydrogen,  the  formula  C'"H«0»  r««quiring  76*69  C,  12-06  H,  and  11-35  O. 

Oleic  acid  is  iawluble  in  watt-r,  very  soluble  in  aicuhoi,  and  diswivca  in  all  prr>- 
portions  in  rthrr.  Cold  strong  att/phuric  acid  dissolves  it  without  decomposition.  It 
diMsolves  solid  /fttJi,  stearic  ncid,  palmitic  acid,  &c  (CheTreal),  and  is  dissolved  by 
ftt/r,  with  fumiutiui)  uf  a  »oap,  and  strong  acid  reaction.  (Murct^t,  Phil.  Mag.  [3] 
zvii.  M6.) 
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DecomfAsitifHU, — In  the  solid  9tAt«  oleic  add  oxidises  but  slowly  in  the-  air ;  bat  in 
the  liquid  uUite  it  rapidl^r  uL>tforb8  ox^-gcn,  uctjuirea  a  nuidd  taste  and  smell,  sod  a 
dL'cidiHl  acid  rent'tion,  no  lunger  crjstiUliHfS  at  low  temperatures,  and  forms  with  hnryta 
a.  salt  TPT)'  soluble  in  aJcuhol.  At  1 00°  it  absorbs  oirgfii  more  mpidlj  than  at  ordiuory 
tempemtures,  and  gives  off  carbonic  anhvdride.     (Gottlieb.^ 

2.  Oloie  acid  is  deoompoaed  bj  diBtiUatioo,  yielding  sobaeie  add,  the  proportion  of 
which  ifl  greater  as  the  oleic  acid  is  more  nearlv  pure;  the  other  products  of  the  de- 
composition are  o&i>r}'lie,  caproic,  and  acetic  adds,  soreral  goseous  hydrocarbons,  and 
carbonic  anhydride.  The  formation  of  sebadc  acid  by  disiilhition  serves  to  distingnish 
oleic  iicid  from  other  oily  acids.    (Varrentrapp.) 

3.  Oleic  acid  heated  with  hydrate  of  potasnum  gives  off  hydrogen,  and  forms  pal» 
mitate  and  acetate  of  potassium  (Varrentrapp): 

C'"H»0'  +   2KH0     =     C"H"KO'   +   C«H*KO»  +   H». 

4.  Distilled  with  one-fourth  its  weight  of  micklimr,  it  yields  a  neutral  unsapo* 
niflable  liquid,  probably  oleoae  (Bussy,  Ann.  Ch.  Phiirm.  ix.  271)'  ^hen  10  pts.  of 
crude  oldc  acid  are  mixed  Mrtth  3  pts.  of  slaked  lime,  then  with  3  pts.  soda-lime,  the 
moM  distilled,  and  the  distiliato  collected  in  a  cooled  receiver,  liquid  products  are 
obtained,  amounting  to  two-thirdjt  of  the  oleic  acid,  and  gases  are  given  off  consisting 
chiefly  of  cthylonc,  tetrjlcne,  amyletie,  and  oloflncs  of  higher  atomic  weight. 
(Berthelot,  Ann.  Ch.  Phya.  [3]  liii.  200.) 

5.  Oleic  acid  distilled  with  sulphur  givefl  off  Bulphydrie  add,  and  yields  a  red- 
brown  stinking  oil,  called  by  Anderson  sulphide  of  odmyl^  bat  perhaps  consisting 
mainly  uf  tetryllc  mercaptan  (p.  173). 

6.  Chlorint  and  bromine  in  presence  of  water,  convert  oleic  add  into  dicbloroleic 
and  dibromoleic  adds  respectively:  iodine  exdtes  no  action  upon  it  (Leforti  Bromine 
added  drop  by  drop  to  pure  crystallised  oldcadd,  forms  tribromo-dioleic  add.  (Burg, 
p.  194.) 

7.  Strong  sulphuric  acid  dissolres  oldc  add,  forming  a  solution  which  is  precipitated 
by  water ;  on  heating  tlie  liquid,  it  blackens  and  gives  off  sulphuroui  anhydride. 
(Gottlieb.) 

B.  mtrous  acid  conTcrta  oleic  add  into  elaidic  acid,  a  solid  body  iaomeric 
with  it. 

0.  Strong  ni7rfV  acid  attacks  oleic  add  with  Tiolence,  giving  off  red  nitrous  rapours, 
and  producing  volatile  adds  of  the  series  OH'^O*,  viz.  acetic,  propionic,  butyric, 
valeric,  cnproic,  asuanrhyiic,  caprj'lic,  pelai:gonic,  and  capric  adds ;  and  fixed  acids  of  the 
series  C»H'»—*0*,  vie.  suberic,  pimelic,  adipic,  lipie,  and  uzolaic  acid.\  iho  numbcrand 
proportion  of  these  products  vaiying  with  tlie  duration  of  the  action. 

Oleic  ftojd  hfiated  with  an  equal  weight  of  gtycfrin  yields  triolein;  with  excess  of 
gljcerin,  monnlein.  Heated  with  glycerin,  and  hydrodiloric,  tartaric,  phosphoric, 
or  sulphuric  add,  it  yields  oleins  containing  also  the  nidido  of  the  second  odd, 
(Berlhelot.) 

0LB1TB3.  The  formula  of  the  oeatral  oleatw  is  C"'H'TiO«  or  (^H^M^O*,  accord- 
ing to  the  atomicity  of  the  metal :  there  are  likewise  add  oleatos.  Tho  neutral  oleates 
of  the  alkali-metals  are  soluble  in  water,  and  not  so  completely  precipitated  from  their 
aolutions  by  the  addition  of  another  soluble  salt,  as  the  stearatea  and  palmitates.  The 
add  oleates  are  liquid  and  insoluble  in  water. 

The  oleat^  dissolve  in  cold  absolute  alcohol  and  in  ether,  a  property  by  which  they 
miyr  be  distinguitihed  and  separated  &om  tho  stcarates  and  palmitates. 

It  is  tomewhat  difficult  to  prepare  the  oleates  in  a  state  of  purity,  in  consequence  of 
the  rapidity  with  which  oleic  acid  oxidises  in  contact  with  tho  air.  The  hest  mode  of 
proceeding  is  to  decompose  oleate  of  barium  with  tho  sulphate  of  tho  base  which  is  to 
be  comblaed  with  the  oleic  acid.  The  two  salts  are  }x>unded  together,  and  digested 
in  a  dosed  flask  at  a  gentle  heat  with  alcohol  of  speciflc  (rr^vity  0-8.13.  Sulphate  of 
barium  is  then  formed,  and  the  oleate  of  the  other  l>nsD  dissolves  ta  the  alcohol,  &om 
which  it  may  be  freed  by  distillation  in  a  current  of  hydrogen. 

0  ten  te  of  Ammonium  \9  gelatinous  and  soluble  in  water.  It  may  be  produced 
by  digesting  oleic  acid  in  the  cold  with  aqueous  ammonia, 

Oleate  of  Barium^  C*"H*'Ba"0',  the  preparation  of  which  has  already  been 
described  (p.  102).  is  crystalline  and  infasiblo  at  100°  whoa  pure,  but  when  altered 
by  contact  with  the  air,  it  melts  below  100*^. 

It  dissolves  in  warm  dilute  alcohol,  and  tho  solutiou  on  cooling  deposits  flocks  con- 
Biflting  according  to  Qossmann  (Ann,  Ch.  Pharm,  Ixxxri.  322),  of  an  acid  salt 
C*«H«Ba''0»J2C"H"*0», 

The  oleates  of  calcium  and  strontium  closely  resemble  the  neutral  barium  palt 

Olfate  of  Chromium  is  amorphons  and  riolet  coloured. — Oleate  of  coitali  U 
Vol  IV.  O 
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Muiah  and  pnlTemlmt.— C^«o/«  oj  copper  ia  a  greeo  procipiUt*  extirmelj  ftudblc,  p» 
fecd^  fluid  nt  100°. 

OXtaiioJ  Co h ait.  Oleate  of  potASRitun  added  to  a  hot  ttolutioD  of  solpfatteol 
cobalt,  forms  first  a  bluieh-grfl«nf  then  a  grcea  procipiute,  vhich  »«ttl««  dova  vaj 
elowly.     (ChevreuL) 

Oleatt  of  Copper.  By  procipitatiugcunricBulphatftwith  oleaf*  of  potaaailiniorby 
vanxuDg  oleic  acid  with  capric  oxido,  a  Bait  of  fine  grc«Ti  colour  \b  obtained,  vhiet 
becoDiM  quite  fluid  at  100®  (Chevrcul).  It  dissolves  in  all  proporlioiuj  in  ali-Aal 
until  blniflh'green  colour;  vith  a  small  quantity  of  alcohol,  it  forms  an  oiL  (Dnrs?* 
dorbf^n.) 

Oleaifi  of  Lead.  Tho  ntutral  salt,  C^H^^b'*©',  is  prepared  bjr  disMlTingoW 
acid  in  absolute  alcohol,  adding  an  excosit  of  dry  o/ubonate  of  sodium,  and  healing 
gentlj,  so  that  the  Taponr  of  tfte  alcohol  may  rap^I  tho  air  from  the  floak.  As  m«s 
as  the  liquid  eohibits  an  alkaline  reaciion,  it  mast  be  nipidlj  liltrred,  sligfaUr  dUoisd 
with  water,  and  left  to  cool  with  the  vessel  cotcphI  ;  then  precipitated  with  nsntal 
acetato  of  load,  again  quickly  filtered,  and  the  precipitate  of  oleate  of  load  washed  at 
a  coul  place.  After  d^ng  in  a  vacuum,  it  forms  a  light  white  powder,  which  melCiaft 
80**  to  a  yellow  liquid.  It  dissolves  very  slowly  in  cold  ether,  but  quickly  u 
boUinfv  other  if  well  stirred.  It  is  likewise  soluble  in  oil  of  turpentine  and  in  vc«k-oi\ 
the  solution  saturated  while  hot  solidifying  in  a  gelatinous  maas  on  ooolizig. — Wkv 
altered  by  contact  with  the  air,  it  becomes  gelatinous.    (Gottlieb.) 

A  bane  oleate  of  lead,  C*'H*«Pb''0*.Pb''0,  is  obtained  by  holding  oleic  acid  wilk 
excess  of  basic  acetate  of  leiul.     It  is  soft  at  20^  and  liquid  at  100°.     (CbevreoL) 

Oleate  of  Magneaium,  CH'^Mg^O*,  is  granular,  soil  and  diaphaoo«k 
(Chevreul.) 

OUatee  of  Mercury.  The  mercuric  salt  is  precipitated  in  whit«  flocks,  which 
become  greasy  when  washed,  and  dry  up  to  a  solid  mass  ;  it  dissolves  cpaxingly  ikj 
cold  alcohol,  more  easily  in  hot  alcohol  and  in  ether  (Harff,  K.  Br.  Arcli.  ▼.  30C).— >: 
Tlie  mercurxJHS  soli,  C'*H"*(Hg')''0*,  forms  grevish-whito  flocks,  becoming  bluish  wheJ 
dry.  Insoluble  in  water  and  in  cold  alcohol,  soluble  in  hot  alcohol,  and  la  ethtf' 
wliether  hot  or  cold.  Forms  with  ammoaia  a  black  powder  containing  anunonis, 
(Harff.^ 

01  fate  of  nickel  \m  s  greenish -yellow  precipitate  which  settle  down  slowly. 
(Chevreul.) 

Oleatee  of  Potassium.  The  nntCralsalt,  C'E'^KO',  obtained  by  heating  eqcal 
parts  of  potash  and  oleio  arid  with  a  small  quantity  of  w&ttT,  formfi  a  gelntinous  nsa 
which  maybe  purified  by  dissolving  it  in  alcohol.  The  solution  cvHporat4.>d  to  drjjitm 
leaves  a  white  friable  odourless  salt,  which  deliquesces  in  moist  air,  dissolretf  cooi' 
plotely  in  4  pts.  of  water,  forming  a  viscid  liquid ;  a  larger  quantity  of  water  decom- 
posM  it,  separating  a  gelatinous  mass  of  the  acid  salt.  It  is  decomposed  bj  acida 
even  by  carbonic  add,  when  a  stream  of  the  latter  is  psssed  through  the  aqueous 
solution  cooled  to  5'^.  Acid  oUate  of  potassium  is  insoluble  io  water,  bot  soluble  h 
alcohol  even  in  the  cold ;  the  Bolution  has  an  acid  reaction. 
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Oleate  of  Silver. 
soon  sa  formed. 


Produced  by  double  decomposition,  but  reduces  almost  u 


Oleateof  8odium,  C*H^aO*,  is  obtained  like  the  neutral  potassium-aalt.  Ac- 
cording to  Varrontrapp,  it  erystallisos  when  its  solution  in  hoiling  absolute  alcohol  is  IcA 
at  resL  It  diasolveK  in  10  or  12  parts  of  water,  but  is  not  deliquescent.  Bjr 
with  the  air  it  becomes  gelatinoos. 

Oleate  of  Zinc.     White  powder  melting  below  100^.     (ChevreuL) 
Chlorine-  and  Bromine-derivatives  of  Oleic  acid. 

1.  Diehloroleic  acid,  C'*H"C1'0'. — Obtained  by  the  action  of  chlorine  on  oleic 
arid  in  presence  of  water.  Brown  oil  of  specific  gravity  1  082  nt  8°.  more  viscid  than 
oleic  scid.     Boddcns  litmus.     Boils  at  190<^.    (Lofort,  J.  Pharm.  [3]  aiv.  113.) 

2.  Dibromoleie  acid,  C'*H*'Br'0'. — Obtained  in  like  manner.  Brown  oil  of 
Specific  gravity  1-272  at  7 '6°.     Reddens  litmus.     Bolls  st  200°.    (Lefort.) 

3.  rfi6row»o-rfio/<icacirf.  C'H^Br'O*.  Produced  by  nddingbromine  drop  by  drop 
to  pure  crystallised  oleic  acid.  Viscid  liquid  having  an  agrcr^ivblr  odour,  soluble  in 
ali^ohol  and  ether,  decomposible  at  170°.  It  is  monoba5ic  and  forms  vnorystaUisable 
salts.  Tho  barium'sait  is  a  pitchy  mass  soluble  in  ether,  insoluhle  in  alcohol.  The 
acid  treated  with  moist  silver-oxide  yields  oxy-oloic  acid,  in  tfae  form  of  a  viscid 
liquid  having  a  rancid  odour  and  solidifyinf;  &fter  somr-  time.  It  is  nionobnsic,  and 
forms  A  gummy,  deliquescent  barium-salt.    (Burg,  J.  pr.  Chom.  xciii.  227.) 
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^H      a.   Htdrolbic    ftnd  SIitolbio    Acma. — ^Wfaen  Kulpholeic  acid  (prodooed  bj  the 
^^  ftction  of  suiphuric  acid  upon  olein  at  low  teniperaturvs}  is  left  to  itself  in  ibe  cold,  it 
Wolds  an  oily  iicid  cuUod  by  Frimy.  mrta-oli-ie  acid.     It  in  iosoliible  in  water,  Tory 
■paringly  Aoiuhle  in  alcohol,  very  soluble  in  ether.     It  gave  by  uuUysis  757  per  cent. 
earboo,  and  11*9  hydrogen. 

Hydroleic  acid  a  obtained,  acoording  to  PrAmy,  by  boiling  tbo  eulpholeic  ncid 
after  all  the  roeta-oleic  tueid  has  been  deposited.  It  is  oily,  insoluble  in  water,  v«ty 
f^^olahle  ill  uicohol  and  ether,  and  contairu,  according  to  Fro  my,  72*9 — 733  per  cent, 
carbon,  and  11-8 — 11  9  hydrogen,  l^^*lh  ihese  acid»  are  drcompooed  b^  dry  diBtilliition, 
yielding  carbonic  Hnhydride  and  oily  hydrocarbons  homologous  with  elhyl#*nfi,  vix. 
hexylene  and  nonylrne. — (Frimy,  Ann.  Ch.  Phyn.  ]xv.  128).  The  compoaition,  aud 
indeed  the  existence  of  these  acids,  is  rcry  doabtfuL 

0.  Elajdio  Acid,  the  solid  fatty  acid  isomeric  with  oleic  acid,  produced  by  tha 
action  of  nitroos  acid  on  the  laU-(>r,  and  Lxnoleio  Acm,  the  fatty  acid  of  drying  oils, 
have  been  already  described  (ii.  368 ;  iit  700). 

OILBXO  BTK3S&B.  Olbath  of  Etuyl  or  Oleic  Ether,  C"H»0*  «=  C"H"(C»H*)0*. 
—(Laurent,  Ann.  Ch.  Phya.  zxkv.  298.  Varrentrapp,  Ann.  Ch.  Pharm.  xxxt. 
206.) — This  ether  is  obtained  b^  passing  dry  hydrochloric  acid  gu  into  a  solution  of 
oleic  acid  in  about  three  times  its  volamo  of  alcohol  Etherification  takes  place  in  a 
few  minutes,  and  the  ether  separates  from  the  liijutd.  It  may  also  be  prepared  by 
treating  oleic  acid  with  a  mixture  of  alcohol  and  BuJphuric  acid. 

Oleic  ether  is  a  colourle-Hs  liquid  of  Hpet^flc  gravity  0*87  at  18° ;  soluble  in  alcohol 
and  decomposible  by  distillation.  Mercuric  nitrate  Iranafonns  it  in  24  hours  into 
elaidic  ether  (ii.  380). 

Ouum  OP  MuTHTt,,  C'«H**0*  -  C'*H»(CH»)0«,  obtained  in  lilto  manner,  is  an 
oily  liquid  of  specific  gravity  0879  at  16^;  it  is  converted  by  mercuric  nitrate  into 
elai'dale  of  methyl. 

Olb&tbs  of  Oltcbktl.  Olkins. — Thre«  of  these  compounds  have  been  obt^uned  by 
heating  oleic  add  with  glycerin  in  sealed  tubes,  viz. : 


IfoDolein 

Diolein 

Triolein 


CnH*0«      » 
C*H'«0»      - 


(C«H'>-     ) 

H.(C"H»'0)*(" 


Thej  result,  Hke  other  glyceridea,  from  the  nnioD  of  the  add  and  gtyceriBf  with 
^mination  of  the  elpmenfH  of  water. 

Monolein,  C="H**0<  =  C"H'*0«  +  CHK)'  —  H»0,  is  an  oily  liquid  which  soli- 
difies at  about  15°  Specific  gravity  4'9'17.  (Analysis  71*4  per  cent  C  and  11-55  H; 
calc  70*8  C  and  11*3  H). — It  is  very  slowly  saponiAed  by  oxide  of  lead.  Alcohol  and 
acetic  acid  do  not  decompose  it  at  1(K)°.  a  property  which  it  shares  with  natural  olein. 
In  the  baroroetric  vacuum  it  volatilises  without  decomposition. 

It  may  be  produced  by  heating  glycerin  and  pure  oleic  add  to  200°  in  a  sealed  tube 
for  18  hours,  or  a  mixture  of  oleate  of  ethyl,  glycerin,  and  hydrochloric  add  to  lOO''. 

Diolein,  C^H^O*  -=  2C"H"0»  +  C'HH)*  -  2HH),  is  obtained  by  heating 
nutunU  olein  (triolein)  with  glycerin  to  100°  for  22  hours. — Ita  spedfic  gravity  is  8*921 
at  21°  It  begins  to  cryRtallifle  at  about  16°.  It  gave  by  anolyids  735  per  cent  C 
and  1195  H  (calc.  762  C  aud  12-1  H,  from  the  formula  C"H"0*).» 

Triolein,  C*TT»»*0"  i.  3C*«H»*0'  +  C>H»0»  -  3H'0.  is  obtained  by  heating  to 
200°  a  mixture  of  equal  wpiphts  of  oleic  acid  and  glycerin,  decanting  the  layer  of  fiitty 
matter  after  the  reaction  is  finished,  mixing  it  with  16  to  20  times  its  weight  of  oleic 
iicid,  and  heating  again  to  240°  for  four  hours.  The  neutral  matter  is  extracted  with 
lim«  and  ether^  the  solution  is  Irented  with  animal  charcoal,  then  concentrated  and  mixod 
with  8  or  10  times  its  volume  of  commun  alcohol,  and  the  triolein  thereby  precipitated 
is  collected  on  a  filter  and  dried  in  vacuo. 

Triolein  ia  liquid  at  100°.     In  contact  with  the  air,  it  gradually  turns  add.     It  is 

•  ThefoTTBuUe  wrlgtajilly  «il(med  Xij  B«rthelol  to  lafneoftlie  flycarldei  conulnlnf  Jst.orth« 
■eld  radicle,  were  fouodcd  on  the  lopp^Otlori  th«t  Ih*  ramiMtlon  oFthrM  diaciil  compouiidi  w««  «U«ndc«l 
wiih  thPfllmlnAtlon  of  onljone  I  at.  H-Oibui  Miuch  am^ide  of  rnnnatlon  U  not  cnn»lrtent  with  th«t 
of  (he  oihffr  Jil3rc«rldet,  orlndPtMl  ofcompi^und  trthem  in  Hrticral,  and  »■  iinjTic*i»er  It  li  very  *'^^l^^ 
obuin  tbs  diAckl  ulycerldei  puie,  U  U  more  protublv  tbst  in  ihc  rcrtn«tioo  of  thcw  <U«cla  slrcciidM 
2  at  11*0  ore  elicDliuitcO. 
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slowljr  Baponiflecl  by  oxide  of  load.     Analysis  77"6— 77*2  per  c*at.  C  and  12-1— IH 
H;  c»lc.  77-4  C  and  US  H.  | 

The  o  lei  n  of  animal  fatnand  non-drying  oilii(drTingoil8  contain  adiiTareiit  ^yeiriU]  I 
appears  to  bo  identical  with  triolein.  ltd  campoaUion  ha«  not,  howeret;  been  na/Aj  ] 
detcTTnined,  for  therr  is  great  difficulty  in  obtaining  it  pur«. 

Cbevreol  prepared  it  by  boiling  bunuui  fkt,  bog's-lard,  goose-fat,  or  beef  or  smim  ' 
snet  in  a  flask,  filtering  tho  solution  after  learing  it  to  stand  for  24  houm,  cooeeaim- 
ing  a  little  by  evaporation,  adding  wator  which  separates  the  olein,  then  ezpoaii^  liw 
prtnluct  to  cold,  and  sepamtiug  the  liquid  from  the  solid  portion  by  pressure.     la  tlni 
msnner  olein  is  obtained  which  does  not  solidify  at  0*^  C. 

Olein  may  also  be  prepared  from  olive  oil  and  other  glycerides  ron Mining  it,  l^ 
pouring  upon  the  fat  a  cold  strong  solution  of  caustic  soda,  which  aaponmes  tts 
ttearin  ana  the  other  aulid  fata,  but  not  the  olein.  The  mixture  is  agitated  and  gmt^ 
heated  to  separate  tho  oloin  from  the  stearin  soap ;  the  liquid  ia  filtered  throng^  ck^ 
and  tho  olein  separated  by  deoantation  from  the  alkaUne-ley.  This  proeeoa  enesscdl 
with  all  oils,  excepting  thotte  which  hare  become  rancid,  or  have  been  altered  by  hcil 
(PAclet,  Aim.  Ch.  Phys,  xxiL  330.) 

A  leas  pure  product  is  obtained  by  treating  oil  of  olive  or  swoet  almonds  witli  celd 
alcohol,  and  evaporating  the  solution. 

The  pruperties  of  olein  differ  somewhat  according  to  the  nature  of  the  fat  tnm 
which  it  is  extracted,  and  tlie  mode  uf  preparadou,  but  when  properly  prepand,  U 
is  colonrless,  void  of  taste  and  smell,  insoluble  in  water,  very  soluble  in  absolute  aleabd 
and  in  ether,  and  of  a  density  between  090  and  0-92.  It  bums  wrilti  a  tctj  Ini^ 
flame.     When  suponifled  with  potath^  it  yi(*lds  glycerin  and  oleate  of  potaasiam. 

By  drjf  dixtiUatitm  it  yields  gaseous  prr>ducts,  liqnid  hydrocarbons,  aebacic  acid,  ud 
acrolein.  This  reaction  aSbnui  tho  meaDS  of  detecting  olein  in  Cats;  for,  if  tls 
product  of  the  distillation  be  treatod  with  boiling  wjit4>r,  a  solution  is  obtained  whtdk 
on  cooling  yields  small  needles  of  sebacic  acid.  Olein  oxidises  in  the  air,  yielding 
the  same  producta  as  oleic  acid.  Under  the  influence  of  strong  sulphuric  ae%d,  it  is 
resolved  into  sulpholeic  and  Hulphoglyceric  acida  Uttrtfus  twiJ  conrtrU^ 
into  the  isomeric  solid  compuund  el  aid  in  (li.  380) ;  this  property  distinguishes  olen 
from  the  liquid  fat  of  nnn>arying  oils. 

CMorine  and  bromine  act  upon  olein,  producing  substitution -products. 

(C«H»)'»     > 

OuuTB  OF  ZaAXiriTTL.    AfanntU  oUique,  C"H"0'  «  (C'»H«»0)»>O*.    (Beithe. 

H«  ) 
lot,  Ann.  Ch.  Phys.  [3]  xlvii.  326). — Obtained  by  heating  oleic  acid  with  mannite  ta 
1120^  in  A  scaled  tube,  saturating  the  superficial  futty  layer  with  lime,  eziiausting  wiUi 
ether  (which  alfto  takes  up  calcic  oleate,  but  deposits  it  on  boiling  inracuo)  andevapo* 
rating.  It  is  a  nearly  colourless,  neutral,  wuxy  mass  which  becomea  soft  and  tenacious 
at  a  gentle  heat  and  then  melts  to  a  yullowish  liquid  By  heating  with  potaah  it  ii 
rcBolved  into  oleic  acid  and  manttitan. 

O&BXV.     See  Ouuc  Etbebs. 

OIUBOWB.  Oleic  acid  diritilled  with  lime  yields  an  oily  liquid  regarded  bj  "Bnmj 
(p.  103)  119  the  acetone  of  oU-ic  acid ;  it  has  not,  however,  been  obtained  pure.  Vobl 
(Dingl.  pul.  J.  cxlvii.  304)  applies  the  nume  oleono  to  sn  illnminating  matehxl 
of  similar  nature  obtained  by  prwipitating  the  waste-liquor  of  eoap-works  willi 
chloride  of  calcinm,  and  distilling  the  resulting  calc  ium-salts  of  fatty  acids  with 
quiuklimc 

O&BOPBOSraORZC  ACI]>.  A  phosphoretted  fetty  acid  containod  in  th» 
brain.— Wlien  the  eilitreal  cxtmct  of  brain,  prepared  aft  described  under  Cebxbus 
{i.  830),  is  treated  with  ether  to  separate  cerobrin,  the  ether  takes  up  oleophosphoric 
acid,  often  combined  with  soda,  and  mixed  with  olein  and  cholesterin.  The  (i-thereal 
solution  is  evaporated  ;  the  soda  is  extracted  by  an  acid;  the  residue  is  dissolved 
in  boiling  alcohol ;  and  the  solution  is  left  to  cool,  the  oleophosphoric  arid  being  then 
deposited.  The  olein  and  cholesterin  still  mixed  with  it  may  be  rtmoved,  thoneh 
not  completely,  by  abpolute  alooboL  Oleophosphoric  acid  thna  obtainc-d  is  pmnroy, 
gi-nerally  yellow,  and  contains  from  19  to  2  0  {*r  cent,  phosphorus.  VThen  burnt  in 
contact  with  the  air,  it  leaves  a  carbonaceous  mass  containing  phosphoric  acid.  By 
long  boiling  with  water  or  iil«)hol,  more  qtiickly  with  acidulalrd  water,  it  gradually 
loses  its  viscosity,  and  is  converted  into  perfectly  pure  olein,  while  the  lower  stratum 
of  liquid  is  rendered  strongly  acid  by  the  phosphoric  acid  produced.  The  sane  de- 
composition takes  place  very  slowly  at  ordinary  lempepatures ;  also  at  the  commencement 
of  putrefaction  of  the  brain.  Fuming  nitric  ttcid  dewmposes  oleophosphoric  iicid  iate 
phosphoric  acid  and  a  fatty  acid.     Alknlis  in  excess  form  a  phospliate,  an  oleate,  and 
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glycerin.  Th*  arid  is  insoluble  in  water,  but  eweHa  np  slightly  in  boiling  water. 
With  amniuniA,  pot^h,  and  soda,  it  immediately  furms  soapr  oompoundK ;  with  th« 
other  bases,  insoluble  salts.  It  is  insoluble  iu  cold  ubsolute  aJcobol,  easily  soluble  ia 
boiling  alcohol  and  in  ether  (Frimy,  Ann.  Ch.  Phys.  [3]  ii.  474).  Thr  muscles  of 
Tertebrate  animals,  shaken  up  with  cold  weak  alcohol,  yield  to  that  hqaid  a  riscid, 
ambergrifl'Colonrvd  substance,  which  dissolves  but  imp^^rfectly  in  water,  and  vhea 
troAtod  with  Bulpharic  acid,  is  resolred  into  sulphate  of  nodiam  and  oleonhQ5phorie 
acid.  Oleophofiphate  of  sodium  orcors  ia  almost  all  parts  of  the  aninial  body,  its 
quanti^  increasing  with  the  age  of  the  animal,  and  (lifferiog  in  amonnt  in  difitrent 
itprcies  of  Tertebrutc  animtds.  Fifihcs  with  whito  ligbt  flesh  (such  na  ihe  wliiling, 
suits  aud  pluicu)  cuiituiB  but  rtiuHll  quuulities  of  it,  whereas  larger  quuutitirs  ore  found 
in  the  herring,  ealmon,  markern!,  tralmon  trout,  and  other  fishes  with  firm  fleah. 
(Valflncieones  and  Fr6my,  Ann.  Cb.  Phys,  [3^  L  172,) 

The  yolk  of  the  eggs  of  cartiUgiaoos  fi.fhes  'XinULins  a  &t  which  is  soluble  ia  alcohol 
and  ether,  forms  a  gum  witli  water,  and  rescmblfts  oieophoHphoric  acid.  Phopphoretted 
fats  are  also  found  both  ia  the  slightly  developed  and  m  the  ripe  eggs  of  curtiluginous 
fisliea.     (Valenciennes  and  yromy.) 

OKSiniS  AJrzMA&B  OZPPSXiZX.  See  BoKE-on,  (i.  626)  and  Dotkl'b  Oil 
(ii  336). 

O&BTna  7XCORIS  ASSLKZ.  Cod-liver  oiL  Huile  dafoi^  da  monu.  Lehtr- 
ihran  Stocijixch-thran.—lhis  oil  iu  obtainpd  from  the  livers  of  varioDS  species  of 
Gadaa.  The  oil  n*L*ogni8ed  hy  the  Luiidua  pharniacopffiia  ia  that  obtulued  ftum 
the  common  cod  {Gadu^i  Morrhua,  formerly  called  Asdlm  major),  and  the  ling  {G. 
Molva  or  Jj^ita  Maitv) :  it  is  receivfd  from  Newfoundland.  England  was  formerly 
supplied  with  the  oil  fbom  Bergen,  obtained  from  the  liTcrs  of  the  dorse  (  Gadu*  eeHarius) 
and  eoal-fiab  (G,  carffonarius).  From  this  soarce  Gennany  and  the  Nonh  of  Europe 
still  receive  their  supply.  Coddivcr  oil  is  prepared  ou  a  small  scale  in  the  Shetland 
isles  and  on  thii  Knghsh  coaet,  chiefly  from  the  common  cod,  the  ling  and  the  burbot 
{Lota  xndtfaru).     {Pcriira's  Matrria  Medica,  4th  ed.  1857*  ii.  [2]  779.  J 

When  the  livers  of  the  fishes  are  exposed  to  the  sun.  ligbt-eoloured  oil  flows  out  at 
first,  but  after  a  week  or  a  fortnight,  putrefaction  sets  in  and  brown  oil  is  obtained. 
(Harder.) 

a.  Brown  Cod-livrr  oil.  Dark  brown,  greenish  by  transmitted  light,  transparent  ia 
thin  layers.  Specific  gravity  0y29  at  Wo*^  (De  Jongh),  0-928  at  16-6°  (Harder); 
has  a  peculiar  odour,  disagreeably  erap3n%umalie  and  bitter,  producea  irritation  in  the 
throat,  and  reddens  litmus  i»li|;htly  (I*e  Joui^b).  I)i>efl  not  dcfwait  any  solid  fat  ul 
— 13°  (Harder),  Soluble  in  17  to  20  pts.  cold  or  hot  absolute  alcohol  (De  Joogh). 
Dissolves  at  71°  in  I  pt.  alcohol  of  0*846,  forming  a  solution  which  becomes  tnrbid  at 
62°  and  deposits  the  oil  at  4S°.     (Harder.) 

b.  Pal^  hn>wn.  Of  the  colour  of  Malaga  wine.  Specific  gravity  O'92-l ;  has  a 
peculiar,  not  unpleasant  odour,  fishy  taste,  producing  irritation  in  the  throat,  and 
reddens  litmus  strongly.  Soluble  in  31  to  36  pts.  of  cold  and  13  pts.  of  boiling 
absolute  alcohol.     (De  Jongh.) 

c.  Paltr  and  cUarer.  Of  golden  yellow  colour:  spedflc  gravity  0923  at  17'6' 
(De  Jongh),  0i>28  at  \t'h  (Harder)^  reacts  and  tastes  like  A,  but  less  strongly 
benoeiu  a  white  fat  at  —  13°  (Harder).  Soluble  in  40  pts.  cold  and  in  22  to  30  pts. 
boiling  absolute  alcohol  (De  Jongh).  Oil  of  haddock's  hver  has  a  spedflc  gravity 
of  0-9313  at  11^    (Scharling.) 

Cod-livBT  oil  consists  chiefly  of  oleia  and  margarin,  with  smaller  qnantitios  of  free 
butyric  acid,  acetic  acid,  const  itueuts  of  thi^bile,  guduin,  and  other  peculiar  substances, 
about  1  per  cent  of  salts,  and  a  small  quantity  of  free  phosphorua  [De  Jongh).  16 
oontaina  iodine,  bromine,  and  sulphur.  As  volatile  ncirls,  Wagner  found  butyric  and 
capric  acids;  from  turbid  cod-liver  oil  Luck's  gadinic  acid  (ii.  766)  was  deposited. 
See  analyses  of  cod-liver  oil  by  Harder  (N.  Br.  Arch.  xili.  163);  De  Jongh 
(Ann.  Pharm.  xlriii.  362);  KicgDl  (N.  Br.  Arch.  hoc.  23);  for  Wineklor'a  viewa 
respecting  the  oil,  see  J.  pr.  I'hsrm.  xxv.  HO. 

When  a  mixture  of  coJ-livtr  oil  aud  strong  sulphuric  add  is  healed  with  an  alkuli, 
a  "pungent  odour  is  evolved,  like  that  of  oil  of  rue;  and  on  diBtilling  the  mixture  with 
water,  a  small  quantity  of  yellowish  oil  is  collected,  having  the  same  odour,  lighter 
than  water,  and  boiling  at  100^, 

Ojd-liver  oil  treated  with  alcoholic  ammonia,  forms  a  large  qunnltty  of  amide^ 
melting  at  80°  [Carlet).  Rowney  obtained  a  small  quiintity  of  amide  melting  at 
93°,  boooming  solid  iind  tranapareiit  at  94°,  containing  on  the  average  7fi"69  per  cent, 
carbon,  1290  hydrogen  and  4"3fi  nitrogen,  and  ea.Kity  soluble  in  alcohol. 

Cod-liver  oil  is  mui'h  uted  in  medicine.  It  has  long  been  a  popular  remedy  for 
rhenmatism  and  aotne  other  complaints,  but  its  use  by  mwiical  practitioners  ia  of  com* 
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pftratiTcIy  rocout  dat«.     It  is  chiefly  pre«crib«d  in  ca»M  of  rbcmm&tum,  •ooAd^ 
chronic  gout^  skio  afT^tiunn,  phthi^ia  and  mesenUric  emaeiatioa.      It«  eSetc^  WKf 

Si>Th&ia  be  duo  to  the  bnimine  nnd  iodine  contained  in  it,  though  it  hM  oAmi  him 
liubtcd  whether  it  poMesaM  uxy  virtaM  bcjood  tbose  of  the  &t  oiLi  in  gra«nL 
For  farther  dutails  roBpocting  tbo  composition,  propertiea  and  uaem  of  ood-lircr  Ok^ 
gee  De  Jongh  (L'huiU  dtfoie  d^  morue  mvisa^ie  stnu  tous  leg  rapports  comm$  Mffs 
ikirapeuiique^  Paris,  1863) ;  respecting  compoution  and  propertiea,  aae  alflO  Gmam* 
Eandhook  (xri  323). 

OT-***  *  ^*^  Tf  or  Inceruf.  A  giim-r^xin  vhtdi  ezadet  from  a  tre^  psobablj  % 
■pecieaof  BaUamodrndrvn  (order  Th-cbinthacttB),  growing  in  Arabia  and  India.  It 
haa  been  humt  from  all  antiqaity  in  rolimooa  ceremonies.  It  occurs  in  oblong  or 
rotuded  laminflp,  opaque,  of  yellow  or  rpdaiiih  oolonr,  dnll  and  wan  on  the  fraetund 
aorfaee.  It  softens  between  the  teeth,  producing  an  aromatic  Hlightlv  rough  taet&  It 
IB  bat  partially  aoluble  in  water  and  alcohol,  melta  with  difficulty  and  i mperfeeliy  wba 
heated,  and  bums  with  a  bright  white  flame  on  the  approach  of  a  t^per.  Axscovaing  to 
BracooDot  (Ann.  Ch.  Phys.  [2]  Iriii.  €0)  it  contains  66  per  cent,  rpain  aoluble  it 
alcohol,  30'8  gum  solublo  in  wiit«r;  6'2  reaidne  insoluble  in  water  and  in  olcuboli  sad 
80  essential  oil  and  loss.  Hckmejer (Jahrosb.  18A8,  p.  482)  found  in  olfbaouia 
gum  which  uppfArod  to  be  identical  with  gum-ambic  According  to  Johnatott(lM. 
c^)oonunercial  oh^Hinum  consists  chiefly  of  an  acid  resin  contAiniug,  on  the  arvr«ge» 
7*4  percent,  carbon  and  998  hydrogen,  agreeing  Dearly  with  the  formula  C^H'V. 

Stenhouae  (Ann.  Ch.  Fharm.  xxxr.  306),  by  distilling  ohbanum  with  wst«, 
obtained  4  per  cent,  of  colourlesi  volatile  oil,  of  specific  gnirity  0'86G  at  20^,  haviw 
an  odour  like  that  of  oil  of  turpentine,  but  more  lureeablc ;  insoluble  in  aqueous  aleohoC 
bat  soluble  in  all  proportions  in  ether  and  absolaCe  alcohol,  and  oontatning  83*83  pe 
cent  C,  11-27  H,  and  490  0. 

OXXDXC  ACZD.  This  name  was  given  by  Varrentrapp  (Ann.  Ch.  Phann. 
XXXV.  210)  to  an  ucid  obtaintn]  by  the  action  of  zneJting  potash  on  oleic  acid;  aooofiding 
to  Ueintz,  this  acid  is  palmitic  odd  (p.  193). 

OXXazsTXC  XSOV.     Syn.  with  Kbd  Hjekatitb  (iii.  337,  393). 

OXiZCM>CZ*AAI!.     Soda-»pcdu7ntne^  ^atron-ipodumm.     A  mincml  of  the  felapsr 

group  (it.  618)  oucorring  in  granite,  porphyry,  syenite,  serpentine,  basalt  and  trachyte; 
It  forms  triclinic  prisms  in  which  oo'^P  :  aP '  =  about  120^^ ;  oP  :  txPac  =a 
93°  16';  oP  :  odF  .=  115'='  37'.  Cleavage  very  distinct,  parallel  to  oP  and  ool»30 
Twins  common. 

Hardneaa  =  6.  Specific  gravity  -  2'58  —  269.  Lustre  Titreous,  vitreo-pMrij 
or  greasy.  Colour,  yellowisli,  greyish,  reddish,  greenish-wbite,  or  white.  Tranapanct 
to  Bubtransluccnt.  Fracture  coochoidal  to  uneven.  Before  the  blowpip«  ii  melti 
quickly  and  more  easily  than  orthoclase,  to  a  glaos  either  clear  or  enamel-like.  It  b 
not  acted  upon  by  acids. 

Analyi/9 : — a.  From  UninnviUi^,  P^nnsylvJlnift  ( Unumitr),  where  it  occnw  in  fOtmU 
with  euphyllitc  and  conindum:  specifli;  gmvily  261  (Smith  and  Brush,  Sill,  Am.  J. 
[2]  XV,  211).— A.  Reddish  from  old  red  porphyry  [Delesse,  Ann.  Ch.  I'hya.  [3] 
T.  14). — c.  From  the  emerald  mines  of  the  Ural,  in  mica-slAla:  white;  apeesfis 
gravity  2*656  (Jowretnow,  SamftuUberg $  Miner alchnnir,  p.  613). — d.  From  IW 
destrand  in  Norway  {Sun  stone):  in  gneiss;  specific  gravity  2*666  (Sc beer er.Fo({g, 
Ann.  It.  109. — f.  From  the  diabase  of  Chalangps,  near  Allemont  in  Dsuphiny:  milk- 
wbi>«  (Lor^,  Bull,  giolog.  ^2]  vii.  6-42).— /.  From  Piz  Eosag  in  the  Griaona;  with 
bnmblendo  m  diorito.  Uasaive;  specific  gravity  2-H36  (r.  Rath,  Zeitschr.  d.  gedlog. 
Gcfrellsch-  ix.  226,  269).—^.  From  the  lava  of  Lake  Laach:  specific  gravity  2-56. 
(FouquA,  Compt.  rend.  xix.  46). — A  From  the  trachyte  of  Tenorme  :  ipMoflc  gravity 
2*58 — 2*69  (Devi lie,  loc,  eit.y — •'.  From  cavities  in  the  lava  near  Hafticflord  in 
iL-cland  {HafnefJoTditef  Um^-oligocla*e):  specific  grarity  2*729  (Forchhaxnmer,  J. 
^r.  Chem.  xzz.  489). 

«.  A.  r.  d.  e, 

Plllca  ....        64-a7        fi8-9a        £0*63        fit  30       fiO-4 

Alumtn-^     .       .       ,        tl-Vl        2^49        t6'35        33*77        S4-3 

Fmic  oxide       ....  0-75         0-40         0-36         0^ 

Umti    ....  081  6-13  4-I&  4-7S  8-7 

Magne^U    .        ,        ,  O-W  l-n  0-i» 

S<Kla     ....        lO^M  6-93  aiXl  8fi0  7-0 

r.-wih.      ...       i-w      o-ia       117       i-»       1-4 

Water.       •       -       .  »-W         lfi<  .    .  I-S 

100-25        ^M        IW55      lOO-OO        990      100^     1000      lOODO        wm 

Moat  of  these  analyses,  and  numerous  others  that  have  })ecn  made  of  oligoclase  fitwn 
vuiious  localities,  may  be  represented  by  the  general  funnuhi    2M'0.2Al«0*.9SiO',  in 
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which  the  oxygen-ratio  of  the  protoxidci,  alumina  and  siHea  is  aa  1  t  3  :  9  (mw  iL  618). 
The  ratio  bi'twecn  the  lime  and  alkalis  ig  somewhat  variabU,  but  the  ttoda  ie  for  the 
most  part  prodominaat  An  iaomorphous  mixtarc  containing  2(}Na.^a^K).  2A1'C) . 
08iO»  would  contain  ^301  pn  cent,  nilica,  23fi6  olumiDa,  4*24  lima,  and  8*40  soda. 
In  oligoclAM  from  the  Ural  (c),  and  nomc  others,  the  proportion  of  alumina  sppean  to 
be  considerably  greater ;  this  may  arise  from  loas  of  alkaUa  by  weathering  (or  it  may 
be  duo  to  incorrect  dctermLDation  of  the  alkaliaV  The  mineral  from  HafauQord  (i) 
I0  remarkable  for  the  large  proportion  of  lime  which  it  containa. 

OXiZOOir-SVAX.  Breitbnapt'fl  name  for  spathic  iron  (ferrotis  carbonate)  from 
Elireu  fricdersdorf. 

O&ZVS.  OUaeuropfM. — The  development  of  fatty  matter  and  of  mannite  in  the 
froit  of  this  tree  ha^  been  recently  examined  by  De  Luca  (Compt  rend.  liii.  38(1 ; 
Iv.  470,  506;  Ivii.  620;  Jahrpsb.  1861,  p.  739;  IS62,  p.  60fl ;  1863,  p.  611).  The 
fruit,  which  at  flnit  weighs  only  a  few  milligrammes,  goes  od  incrcaaing  in  weight  tjll 
November,  its  weight  when  ripe  lining  about  2  gmmmea ;  the  weight  of  the  kernel 
however  inrreaaes  only  from  it»  Bn*t  development  till  Aug^i«t,  after  which  it  remaiua 
stationary.  The  density  of  the  entire  fruit,  which  in  its  e&rly  t«tagf3  is  about  equal  to 
thiLt  of  wuter,  increases  to  aboat  104  when  the  fruit  ha.H  become  quite  green  ;  and  then 
diminishea  as  the  fruit  ripens,  the  ripest  fruits  huving  the  Bmillefit  density  (1007). 
The  proportion  of  water  in  olive«  decreases  from  60 — 70  per  cent,  in  the  earliest  stage 
of  the  fruit  to  25  per  cent*  in  the  ripe  fruit.  Olives  yield  to  sulphide  of  carbon  a 
variety  of  f;ubstanceii  including  colouring  mattxn:.  and  cKpecially  cLloropbyl  1,  the 
quantity  of  which  continually  dimim'^ht'S  as  the  fruit  ript-nM.  The  fat,  which  is  present 
only  in  small  amount  in  the  young  fruit,  incrpaaes  conlinoally  as  the  froit  grows,  and 
attains  ita  maximum  (69  8  p^r  rent.)  in  the  ripe  fruit  which  has  lost  all  trucps  of  green 
colouring.  The  increased  acvelopment  of  fut  b<-gin«  at  the  time  when  the  weight  of 
the  kernel  becomes  stationoiy.  The  formation  of  fat  is  accelerated  by  the  action  of 
air  and  light 

The  green  substance  of  tha  leavea  and  fruit  of  the  olivo-trM  is  always  accompanied 
by  mannite,  which  indeed  is  present  in  all  parts  of  the  tree.  The  leaves  ccrutain  at 
first  but  a  small  quantity  of  raannite:  it  increases  oa  they  grow,  but  dirainiBhe*  at 
flowering  time,  and  disHpp«>ars  altxi^ether  as  the  leaves  tnm  yellow  and  fall.  The 
flowers  also  contain  a  considerable  quantity  of  mannitc;  but  those  which  fall  off  aft«r 
impregnation  contjiin  not  a  Ini-.T  of  it.  Ohvcs  when  scarcely  formed  are  rich  in  man- 
nitc ;  the  proportion  of  this  substance  diminishes  however  as  the  fruit  grows  ;  and  in 
ripe  olives,  no  longer  green,  but  containing  the  maximum  of  iat,  it  is  altogether 
ab>ient 

Olives,  especially  in  the  groen  state,  contain,  together  with  mAnnite,  a  peculiar  bitt«7 
aub«tAnce,  easily  soluble  in  water,  less  so  in  alcohol. 

OZiTVa  OZZt.  This  fat  oil  is  extracted  from  the  fleshy  portion  or  pfviearp  of  the 
fruit  of  the  olive.  Several  qualities  of  it  are  found  in  commerce.  The  best,  called  virgin 
en/,  which  has  an  agreeable  odour  and  is  used  for  culinary  purposes,  ia  obtained  from 
frenh  olives  by  pressure.  The  oil  of  second  quality,  which  is  more  apt  to  turn  rancid 
than  the  preceding,  in  conswiuenf'e  of  the  mticilaginous  ptiirtieles  with  which  it  is  mixed, 
is  prpporod  from  the  pulp  of  olives  from  which  the  virpin  oil  has  br^-n  expressed,  by  ma- 
cerating it  in  boiling  water,  and  prc-ssing  it  again.  This  oil  called  ordinary  oil  (huiU 
iovmanU),  is  chiefly  used  for  oiling  goads  which  uro  to  ho  dyed  with  Turkey  rwL  A 
tliird  and  still  infenor  quality  of  olI,  unfit  for  culinary  purposes,  is  obtained  either  by 
prrssing  the  olives  a  second  time  with  water,  or  by  the  use  of  inferior  olives.  Lawtly, 
&  very  crade  oil  called  infernal  od  {huiU  d'mfer)  is  obtained  from  the  water  which 
has  been  UFod  in  pressing  the  olives,  and  still  contains  some  of  the  oil  in  snspension, 
by  leaving  it  to  pt'pof*e  in  cisterns  called  tnfer».  The  inferior  kinds  of  olive  oil  aro 
as<-d  chiefly  for  burning,  in  the  manufacture  of  dbtb,  and  in  soap-making. 

Pure  olive  oil  has  a  pale  yellow  colour,  an  agreeable  taste,  and  a  reiy  fkint  odour. 
According  to  Sauesurc,  its  specific  gravity  is  09192  at  12°  0-9109  at  25°  0*8392  at 
60°,  and  0'8624  at  94°  that  of  water  at  15^  being  equal  to  nnity  ;  according  to  Puhl, 
it  is  0  91635  at  17*6°  compared  with  water  at  the  same  temperature.  It  boils  at  3!6° 
(Saussure).  The  oMil-nrepared  oil  contains  77'36  per  crnt.  carbon,  11*45  hydrogen, 
and  ir29  oxygen.     (^Lofort.) 

Olive  oil  is  resolved  by  ssponiflcation  into  glycerin  and  fatty  acids,  which,  according 
to  the  older  statementa  of  Chevreul,  and  of  Felon zo  and  Boudet,  consists  of  mar- 
garic  and  oleic  acids;  according  to  CoMett  (J.  pr.  Chem.  liir.  108)  of  palmitic  and 
oleic  acids  ;  according  to  H  e  i  n  t  z  and  K  ru  g  {ihid.  Lxx,  367 )  of  ol^^ic,  palmitic,  butic, 
and  perhaps  also  stearic  acid.  According  to  Benecke  {Studicn,  p.  108)  olive  oil  con- 
tains cholcsterin. 
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Olire  oil  solidiftea  at  temp<-ratan»  abore  0°  C,  often  Al  10^,  azoAll  eranolc* 
nrin^  our ;  by  cooline  and  prewnre  it  nuiy  b«  reeolved  into  a  permanaauT  fluid,  tad 
•olidifiablf*  portion  called  olioe-oii  talloto,  or  by  Pelonst*  and  Bondet,  cuo-marno^ 
it  mnlta  at  22° — 28°.    The  permaDently  fluid  portion  of  olive  oil  coiwist*  of  triolBiL 

OUre-oil  treated  witb  mout  eklorhu  and  bromine  yielda  cmbstitution  prodacta.  71u 
thl&rinaUd  oil  ic  colourloss,  and  of  the  coii«i«ten(»  of  castor-oil,  of  »p«nfic  gT»Tity 
1-078  at  10*,  and  wntains  20-*7— 2101  p<»r  cent  chlorine.  Tho  ftromiitaUd  oil  i*  of 
thtt  same  consistence,  bnt has  a  yellowish  tint:  apecific  gravity  1'276  at  9-5^;  contaiai 
36-48—36*37  per  ct>nt.  bromine.    (Lffort.) 

For  ftirtber  details  on  the  reactions  of  olire  oil,  see  GmelitCa  Handbook,  tkA.  ttL 
under  Triolin,  Respecting  the  method  of  detecting  adolterBtions  of  olire  oil,  >■» 
Oas,  p.  181. 

O&rvnXTB.  Prumatie  Arsenate  of  copper.  PhnrmacochalciU.  (Hivaurr,^ 
A  cupriL-  pbij!4phato-arsenate,  occurring,  sometimes  io  long  rhombic  priams  or  nonflo^ 
sumetimes  in  spherical  or  ovoid  aggn*gations  resembling  malachite ;  woiatiimfs  fibnWt 
forming  the  variety  called  wood-araenaU  {fiolrkvpfirere).  Hardoesfl  »  3.  Speoifis 
gravity  o  4*1 — 4*4;  of  the  vrood-ftr8«nat«  3-913.  Lualre  adamantine  to  ritzveM. 
Colour  olivc-groen,  or  sometimee  brown.  Streak  olivp-grecn  to  brown.  Sabtranspamit 
or  opaque,     fracture,  when  observable,  coDcboidal  or  uneven.    Brittle. 

The  principal  localiti(>e  of  the  mineral  are  the  Redmth  and  other  mined  in  Cornwall , 
it  is  also  found  on  Alston  Moor  in  Cumberland ;  at  Camsdorf  and  Saaliieid  in  Th&r> 
ingia ;  in  tho  Tjrrol,  the  Bannat,  Siberia,  Chile,  and  other  pUces. 

The  following  analyses  are  of  specimens  from  tho  Cornish  minea  (Rammelsbctga 
Mintralchcmie,  p.  374): 


Crtft(. 

aUisH, 

FArx>m. 

Ajaenic  Anhydride 
Phosphoric  Anhydride  . 
Cnpric  Oxide 
Fi-rroos  Oxide 
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/Uchird- 
fOO. 

39-85 
65-4'2 

's-Za 

100-00 

Kotell. 
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3-36 

66-43 

3-60 

Hermuin, 

33-60 

6-96 

66-38 

Vi'e 

Diunottr. 

34-87 

3-43 

66-86 
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98-88 

UerawiiA. 

4050 

I -00 

6103 

3«4 

383 
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The  analyses    lead  to  the    formula    4Cu''0.(As ;  r)-0'.H-0  or  6 
!ii"H'0%  which,  if  the  number  of  atoms  of  arsenic  be  BUpposf^l  to  basis 


6u\Ab  ;  P)H)». 
Ga"H'0%  which,  if  the  number  of  atoms  of  arsomc  bo  supposfHltobasizUmMaantat 
Bfl  that  of  the  phosphorus  atoms,  will  give  3570  prrcont.  As'O*.  3-69 1^0*.  57*40  CnO, 
and  3-21  H^O, 

Olivenite  is  homreomorphous  with  libothonito  from  Hungary,  Cu'P'0".Cu"H*0', 

OXiZVlIirozs*  Rbepard*B  name  for  a  mineral  resembling  olivin,  which  he  wa^ 
po9i*8  to  eiiiit  in  ctirtain  meteorites. 

OX2VXX..  C'*H""0».  (Pelletier.  Ann.Cli.PhyB.[2]iill06;  li.  196.    Sobrero.J. 

Pharm.  [3]  iii.  286). — A  neutral  sabstance  occurring  together  with  reaio  and  a  little 
benzoic  acid  in  the  gum  of  the  olive-tre«.  To  obtain  it»  the  finely  powdered  gum  b 
dippAtod  with  ether  to  remove  the  resin,  and  the  residue  is  boiled  with  alcohoL  Tht 
quiL'klj'-dlUTed  solution  »:)Udifies  to  s  crystalline  masp,  which  is  purified  by  waaliisg 
Mitb  coldalcobol  and  rfcr^'stallising  from  a  boiling  aleobulic  solution.  (Pelletiei; 
Sobrero.) 

Qliril  separates  from  absolute  alcohol  in  colourless  anhydrous  ciystuls,  which  are  in- 
odorous, and  have  a  bitter-sweet,  somewhat  aromatic  taste.  At  118**— 120°  it  melij 
without  loss  of  weight  to  a  transparent  Ilqaiii,  wliich  solidifies,  on  cooling,  to  a  colour- 
less or  yellowish  tranftparent  resin,  which  cnicks,  and,  when  powdered,  bccomee  electric ; 
he&t<-d  to  70^,  it  uguin  becomes  fluid,  but  crystallises  ^m  alcohol  in  its  original 
Btato.  It  is  very  soluble  in  waWr,  especially  at  the  boiling  heat ;  it  dissolves  in  all  pro- 
portions in  boiling  alcohol,  and  in  small  quantity  in  eifuv  and  in  oiU. 

Anhydrous  olivil  c«jntain»,  according  to  the  mean  ofSobrero's  analyses,  61*01  Off 
cent,  carbon,  and  708  hydrogen ;  the  formula  C'lI'^O*  requires  6109  carbon,  6*9  ny- 
dmgpn,  and  32-01  oxygen.  Olivil  cry^tallisea  from  WHtiT  in  colnurless  transparent 
prisms,  containing  C'*H"0M1K)  or  6-33  per  cent,  water,  half  of  which  they  give  off 
when  dried  in  a  vacuum  and  the  whole  when  melted, 

Dfcompofitions. — Oliri  I  subjected  to  (2ry  <iM^i7^^ioN  melts  and  puffs  up,  giving  off 
water  (acetic  acid  according  to  Pelletier)  and  pyrolivilic  acid,  whilst  a  black  pasty 
mass,  partially  soluble  in  alcohol,  remains  behind.  By  prolonged  he.iting,  other  vot 
Rtile  productrt,  diffi-rijiB  from  pyrolivilic  acid,  are  obtained,  till  at  hist  chiireoal  remains 
(JSobrero). — 2    It  buru^  with  a  white  flame,  and  leaves  a  hirgn  rjuaiitity  of  porous  char- 
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CoaL — 3.  Chlcrifie,  passed  into  aqueooB  oHvil,  throws  down  brown  fUkee  contaiaing  ch]i>- 
rine,  which  are  afterwards  decomposed,  with  eToIation  of  carbonic  anhj'dride — 4.  Strong 
Mulphuric  acid  colours  oliril  blood-nyl,  and  then  carbonises  it;  from  a  nioderat«ly 
dilut«  )iqn«>ouB  solution  of  oliril  it  precipitates  olirirutin. — 6.  Dry  oliril  absorbs 
kydroc/Joric  acid  gag,  becoming  trauBparent  and  groen,  uid,  on  hf-ating,  is  conrerted 
into  oUvinitin  (p.  202). — 6.  Strong  nitric  acid  attaclcs  it  violently,  with  abandant  pto- 
lutioD  of  nitric  pi-roxide.  With  nitric  acid  diluted  with  its  own  Tolanoe  of  water,  it  forms 
A  deep  red-yellow  solution,  which,  when  heated,  becomes  nearly  colourless,  erolring 
scarcely  any  red  fumes,  but  much  hydrocyanic  acid,  and  contains,  aftfr  the  rraclion,  & 
Uree  quantitv  of  oxalic  acid. — Very  weak  nitric  acid  colours  aqueous  olJril  reddish- 
yellow. — 7.  A  solution  of  olivil  in  caxistie  potash  assumes  a  yeUowiah-green,  afterwards  a 
brown  colour,  more  especially  on  exposure  to  the  air. — 8.  Chromic  acid  and  dichromate 
of  putasaium  precipitate  aqueoos  oliril  in  brown  flakes,  which  soon  become  green  and 
CTunuluCed,  and  appe^ir  to  consist  of  the  chromium-salt  of  an  acid  formed  by  the  oxi- 
datioD  of  oliril.  No  gss  is  ovoWed  in  the  reaction. — 9.  Prroxidr  of  lead  ii  decolorised 
by  boiling  with  aqueous  oliril,  without  rvolntion  of  gas,  and,  afler  some  days*  boiling 
is  converted  into  a  light  powder  containing  oxide  of  lead  and  a  resinous  oxidation-pro- 
•duct  of  olivil. — 10.  Aqueous  olivil  colours  sulphate  of  copper,  on  boiling,  pale-green  ; 
it  imtaediately  reduew  gold  and  9ilver-salU.     (Sobrero.) 

Lead-sait  of  Olivil.  On  adding  ammonia  to  a  solution  of  nitrate  of  lead  containing 
a  Urge  excess  of  olivil,  a  white  precipitate  is  formed  contsining  34*4  per  cent  enrbon, 
3'4— -^'7  hydrogPD,  and  i6'2 — 45*0  lead-oxide,  agreeing  nearly  with  the  formula 
C"H"0*.Ppb"'0. 

OXXVXV.  ChrxfftoUtey  BoUonitc,  ForstcriU,  Glinkite.  HyaloKidfritc.  Vrridotr.  — 
A  Biiicttto  of  iron  and  mogncaitun  2(Mg;  Fe)"O.SiO*  or  (Mg" ;  l'V)^.SiO',  occurring 
•ometimM  in  transparent  crystals  (chrysolite),  bur  more  usually  in  imbedded  masses  or 
grains,  in  lava  and  basalt,  and  in  many  meteorites  (iii.  977).  Theer^stuU  hretrimetric. 
having  the  rutio  of  tlie  axes  a  :  i  :  r  ^^  0-466  :  1  :  0'5867.  Angle  oeP  :  osp  » 
49-68;  mH:  oo^2  =  SC'O'* ;  ?«  :  f  oo  (bawal)  =  60°  4»';  2{^«  :  2^Qo  (l«wil)  « 
99^7';  foD  :  I'oo  (basal)  -  103^6'.  They  are  ususUy  short  prisms  formed  by  the 
▼ertical  prismatic  faces  above  mentioned  ttud  the  fuces  ocPoo  ana  ocFoo  :  the  ends  are 
bevelled  with  one  or  more  of  the  abovt- raontioned  domes,  or  terminated  by  the  ba^nl 
fiuw  oP,  the  latter  however  seldom  predominating.  Clfuvage  tolerably  eHsy  parullpl  to 
ooPoo  {Ko'p^'^  Kr^italhgraphie).  Hardness  =  67.  Specific  gravity  »  3-33— 3-5. 
Lustre  vitreous.  Colour  green,  commoaly  olive-green,  somptimes  brownish  ;  black  in 
some  highly  ferruginous  varieties;  rarely  white.  Streak  nncolourtd,  Transporpat. 
Fracture  conchuidal. 

OLivin  ri^h  in  iron  melts  before  the  blowpipe  to  a  black  magnetic  bead,  bat  the  varie- 
ties containing  but  little  iron  are  infusible.  Olivias  are  decomposed  by  hydroohJorio 
acid,  the  imn  olirios  also  more  easily  than  the  others.  According  to  v.  Kubcll,  olivin 
forms  a  jelly  with  sulphuric  acid. 

Analyses:  a.  Farstcrit e  (rom  3omm&:  white,  crystallised;  specific  gravity  3*243; 
slowly  gcUtiuiHng  with  silica  (Rammelsberg,  Mintralcktmie,  p.  437).— A.  Soltonite 
from *i3^Uon,  Massachassetts :  preeDish-yeUow ;  specific  gravity  3328  (Smith,  Sill. 
Am.  J.  [S]  iviii.  372).— c.  Grains  from  the  Thjorslava,  Hecla:  sprcific  gravity  3226 
(Oenth,  Ann.  Ch.  Pharra.  livi.  20).— rf.  Chrynclitt,  from  ihe  Eu-^t  (Stromeyer, 
Fogg.  Ann.  iv.  193). — e.  From  tho  fumarole  of  Mascala,  Etna :  crystallised;  specific 
nanty  3334  fv.  Waltorshausen,  Vulkanischc  Gestcinc,  p.  117).—/.  From 
Petschau  in  Bouem.ia,  in  basalt  (Rammelsberg). — g.  From  the  P&Uas  meteorite 
(Stromeyer,  foe.  cit.). — h.  From  the  meteoric  iron  of  Atacama  (Scbmid,  Popg. 
Ann.  Ixxxiv.  601). — i.  From  Tissersk  in  the  Ural,  in  mica-slate;  spedflc  gravity 
3<3g— 3-43  (Hermann,  J.  pr.  Chem.  xlvi.  222). 

m,            ft.  c.  It,  e.  /.  g.           h.            i. 

taUcs             .       .        .        4141        43-31  4S-44  9973  41-31  44  (i7  38*18  36-93       40-04 

MtirneiU               .        .        63-90        &1-I6  49-31  &0  13  47-44  41-a4  484)  4316        4«Trf) 

Ff rroiii  osldB      .        .         f33          9-77  6-93  919  10-38  10-76  1119  17  »1        IVM 

MiLnftanuui  oitde 0  08  .  .  0-34  181 

Mckt-loxirte <l-3t  0-;i2  0-Sl  2-3.%  .  .  ,  ,          O-l* 

AluTDln.!                 .        .          .   ,            0-18  .   .  O-W  0-64  0-23  0*18 
Luii  by  i«nltioQ  .       ,        .  .          1-90 

98-04        98-3a      lOOiW        99'OT       100*00        99*8*        98-61        WM      I0lf37 

These  analyses  and  numerous  others  of  olivin  from  various  localities  may  be  repre- 
sented by  the  geneml  foramlA  above  given,  the  magnesium  and  iron  replacing  each 
other  isomorphcuyly.  For  other  aniily.ses  see  Rummi'lsberg's  AJijuratchcrnir,  pp,  437— 
441  ;  and  further,  Jahresk  1861,  p.  987  ;  1862,  727:  186.^  p.  803. 

Hj/alosideriie  <iii.  177)  may  bo  regarded  as  an  olivin,  (JFe^5Mg'')'SiO^  having  paw 
of  the  silica  replaced  b;  alumina. 
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OLIVmUTIN— ONONETIN. 


Eulfftii&^ivin,  from  the  gneut  of  Tonabfii;  in  fiwoden  (ii.  606),  eonUin*  29-94  pa  ] 
cent,  stLIca,  3  04  magnotift,  64*71  ferroua  oxide.  8*38  nuuigaiioua  oxide,  3*07  \hatt,  aad 


1-:^1  alumina,  and  may  be  representod  bj  the  formula    (J]]dn.^Mg.g'^Ca.JFe.)'SiO* 
or(iMD-JMg.iCa)*SiO'+  3Fe'SiO«. 


Damoar  (Ann.  Min.    [4]  viii.   90)  dpscribea  as  tttaiiif«roiia   oHtih 
sire  red-brown  minend  from  tbo  mica-sluCe  of  Pfundcra  in  the  l^rol,  bnving  a  tpeofii 
pMivity  of  3'2d,  and  containing  (mean  of  two  analyses)  36*68    per  ceat.  silica,  4't9i 
titAnic  anhydride,  49*89  magnesia,  610  ferroua  oxidc^  0*60  mang&noua  oxidfyajtid  17 
water. 

OULVIKUTUV.  A  red  substance  produced  bj  the  action  of  snlptinrie  or  hydro* 
clibric  acid  on  oliril.  It  is  precipitated  on  pounng  strong  sulphnric  acid  ioto  a 
concentratfHl  solutiun  ofolivU,  in  red  flocks,  whicn  ultimately  diasolTe  in  the  add.  but 
are  reprecipitatcd  by  water.  It  dissolves  in  ummooia  with  fine  Tiolet  coloor;  also  in 
atcoboX  whence  it  is  precipitated  by  water.  It  contains  from  68*0  to  691  per  cvst 
rarbou,  and  6'9  to  64  hydrogen,  and  iiccording  to  Sobrpro,  differs  from  oliril  by  iLa 
elements  of  water.  Tlie  alcoholic  soluticin  precipitates  basic  acetate  of  lead,  and  afi^r 
addition  of  nmmonia,  likewise  barium-  and  calcium-aalta ;  it  procipitat^a  cupric  acetaU 
after  some  time, 


lea 

i 


A  bitter  sub«tftnee  obtained  by  Landerer  from  unrip**  oHtwi,  by  ex- 
traction with  dilate  hydrochloric  or  Bulphuric  Bcid  and  precipitation  with  water.  It 
dissolves  in  alcohol,  and  separutf^fl,  after  concentration,  in  bittcrneutraJ  cryFtals,  tnsola* 
ble  in  water,  but  soluble  in  dilnte  acids.  The  same  substance  appf^ars  to  have  been 
obtained  from  the  leaves  of  the  olive  tree  hy  a  different  process.  (Haudw.  d.  Chtm.  t, 
696.— Gm.  ivi.  197.) 

OSncUMILf  OXDB  OV«    A  substance  contained,  according  to  Scharliag 

(Ana  Ch.  Pharm.  xlii.  26,')),  in  tbo  etliereal  extract  of  urine  (untx^a).  It  is  of  rednow 
consistence,  melts  in  boiling  water  to  a  yellowish  oil,  and  di»iiolTcs  in  alcohol,  ether 
and  alkalis.  Chlorine  converts  it  into  a  substance  said  to  have  the  oompontion  of  chlorids 
ofsalicyl,  C'H'O'CL 

OSCFBAXXTS.  A  foliated  leek-green  rarietj  of  augite,  baring  nearlj  the  com- 
position of  diopside,  lut  with  rather  more  iron.  Specific  gravity  3'23 — 3*3.  It 
accompanies  granular  gamot  on  the  Sau  Alp ;  occurs  also  in  Carinthia  and  near  Hof 
in  Bayrouth,  with  the  smamgdlte  variety  of  hornblende,  which  it  maeh  resembW. 

OirSOITX.    Gothite  from  Lake  Onega. 

OiTKOSnr.  An  argilUceoas  mineral  from  the  SaUbtirg  Alps,  occurring  in  round- 
iflh  pieci's,  having  on  apple-groen  colour,  sometimes  greyish  or  brownish,  with  woak 
greasy  luBt r^ ;  translucent.  Htirdne.<»  =  2.  Specific  gravity  «  2*8.  Fraoturr  fine- 
splintery.  Fuses  with  inturatw.'cnce  before  the  blowpipe  to  a  white  blebby  gloss. 
Koluble  in  sulphuric,  insoluble  in  hydrochloric  acid.  Contains  62*62  per  cenL  sihca, 
3l)'H8  atnmiua,  382  ferrous  oxide,  6*38  potash,  and  4  60  water.  (v.Kobeli,  J.  pr.  Chem. 
ii.  295.) 

A  mineral  from  the  Ochaenkopf  near  Schwarzenberg,  usually  regarded  aa  an  agal- 
matulite,  and  found  bv  John  (Ann.  Fhil.  iv.  214)  to  contain  65  per  cent  silica,  30 
utumina,  1  ferric  oxide,  1*76  lime,  6*26  potash,  and  6*6  wuter,  U-Iongs  properly  to 
onko.'iin.     (Schecrer.) 

OirociSZlV.  Cn^O?  (Hlasiwotz,  J.  pr.  Chcm.  btv.  142.)— AcrvBtallisable 
substance  contained,  together  with  ononin,  in  tho  root  of  Ononis  spinoaa,  and  separating 
from  the  concentrated  alcoholic  decoction  in  strongly  coloored  ajetaia,  which  may  bs 
purificMl  by  proHsure,  washing  with  cold  alcohol,  and  recrystamaation  fW>m  bouing 
alcohol,  with  aid  of  animal  charcoal.  It  fornix  inttrrlactrd  capillary  crystals,  insoluble 
in  loater,  sparingly  soluble  in  frA<T,  porftctlv  soluble  in  boiling  alcohol  and  in  warm 
oil  of  turpmtinc;  melts  to  a  coluurlefls  liquid,  which  solidifies  to  a  crystalline 
and  is  not  altered  by  boiling  with  hydrochloric  Hcid,  or  with  potaah-ley.  Chlorine  at 
100°,  converts  it  into  chloronocerin,  C"H"CPO,  a  resinous  substance,  insoluble  in 
water  oud  in  alcohol,  easily  soluble  in  ether. 

OWOFKXTS.     Native  selenio-BolpUide  of  mercury  (iii.  912). 

OWOirilTlxr.      C*H"0".      (lllaaiwetz,    he.    Cft.)—A    substance    produced, 

together  with  glucose,  by  the  action  of  dilute  acids  on  onoHpin  (p.  203): 

(?«H"0"     =     C*II**0'»    +    2C*II»'0*; 
also  by  boUing  formonetin  (il  695)  with  baryta-water: 

C*«H**0"    +    4H«0     =     2CH'0*    +    C-H^O" 
Fomioaetla*  Foruitc  OnttuHlSa 


* 
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To  prepare  it,  onospin  u  boil«d  witii  about  tea  timM  iU  weieht  of  water,  And  buI- 
pburicacid  u  added  drop  by  drop  till  the  solatiun  becomes  turbid.  On  contioaiDg  tho 
builiug,  *he  oaanetui  coUects  At  the  bottom  in  b  foiled  mass  which  becomes  cryst^nA 
oa  raolizig,  and  mt^y  be  puriflf>d  by  recrysUUisation  from  strong  alcohol. 

Ononctin  forms  long,  colourlc'sB,  brittle  prisms,  grouped  in  stars  or  bandleSt  uwiy 
insoluble  in  water^  soluble  in  alcohol^  slightly  soluble  in  warm  ethrr^  mor«  soluble 
in  alkali*.  It  gins  off  1-86  per  cent  water  at  100°,  melts  at  120°,  and  solidifies  in 
a  n.diat«  mass  on  cooling;  it  cannot  b«  volatilised.  Its  solution  does  not  precipitate 
any  metallic  salt,  except  basic  acttate  ofUad.  It  is  coloured  rod  by  atn/rt^  au/pkuric 
acid  and  pa-oxide  of  manganese ^  deep  red  hj  ftrric  chloride.  When  heated  with 
nitric  aeia,  it  melts  like  a  resin,  and  oxidises,  emitting  a  verr  irritating  odour;  the  solu- 
tion contains  oxalic  acid,  and  apparently  picric  and  oxipicnc  acids.  Tlie  ammoniacal 
solution,  when  exposed  to  the  air,  acquires  a  fine  deep  gr^^n  colour^  and  hydrochloric 
acid  then  throws  down  from  it  a  dark  red  resinous  substance  soluble  in  alcohol 

OVOim^B.  This  name  was  giTon  by  Reinach  (Kepert.  Pbann.  [2]  xxri.  12) 
to  a  aubstant-e  pesenibling  glycyrrhixin,  which  he  obtained  from  the  aqueous  decoc- 
tion of  the  root  of  Ononis  spinosa  by  precipitation  with  sulphuric  acid.  Hlasiwetz 
however  found  the  substance  thus  obtained  to  be  of  variable  composition,  and  is  of 
opinion  that  the  root  contains  true  glyeyrrhizin,  which  gradually  becomes  altered  by 
oxidation. 

Oirovnr.  CH^O". — A  substance  existing  in  tlie  root  of  Ononis  spinasa  ;  dis* 
coviTod  by  Kcinsch  {loc.eit.\  further  investigated  by  Hlasiwetz  (Wien.  Acad.  Ber. 
XV.  142).  It  is  prepared  by  precipitatine  the  darified  aqueous  decoction  of  the  root 
with  a  slight  excess  of  basic  acetate  of  leai  decomposing  the  precipitate  with  oolphydric 
airid,  and  treating  the  washed  and  dried  sulphide  of  lead  several  tim»8  with  boiling 
alcohol.  The  alcohulic  liquors  freed  from  alcoUol  by  diatillution,  und  left  to  eTa|x>rutt', 
drpodt  the  onoDiD  in  crywtaUino  nodules,  which  may  bo  freed  from  adhering  brown 
resin  by  treatment  with  alcohol.     (Hlasiwete.) 

Pure  ODonin  forma  colourlesa  needles  or  scales,  tasteless,  inodorona,  insoluble  in 
cold  wiiter,  sparingly  soluble  in  boiling  water^  more  soluble  in  boiling  alcohol,  nearly 
iimuluble  in  ether.  It  melts  and  turns  brown  at  235°.  Contains  according  to 
Hlasiwetz,  5829 — 6l"75  pyr  cent  carbon,  and  6-45 — 5-68  hydrogen;  the  formula 
above  given  requires  f&SO  Cfirbou,  6*46  hydrogen,  and  34  74  oxygen. 

The  alcoholic  solution  of  ononin  does  not  precipitate  any  metallic  salt«  except  hasie 
aeftaU  of  Lad,  with  which  it  forms  white  flocks.  It  is  not  coloured  hy  ferric  chloride^ 
or  by  chlorine-water.  It  is  disiiolvcd  at  tho  boiling  heat  by  caustic  pciashf  and  more 
easily  by  baryia-waier^  yielding  a  formate  and  onospin: 

C^H-HJ^    +    2H»0     -     C"H-0»    +    2CIP0* 
Ononin.  Ouotpln.  Fortato 

ul*l. 

Strong  sulphuric  acid  dissolves  it,  forming  a  reddiab-yellow  solution  which  becomes 
cherry-red  after  some  time,  aod  immediately  assumes  a  fine  crimson  colour  on  addition 
of  a  few  grains  of  manganic  peroxide.  Hydrochloric  acid  and  dilute  sulphuric  acid 
dissolve  ononin  with  aid  of  heat,  yielding  formonetin  and  glucose : 

C^H^O"     «     C^H^'O'*    +    2C«H"0«    +    2H*0. 

Boiling  miric  acid  dissolves  it,  with  deep  yellow  colour,  producing  oxalic  add. 
(Hlasiwets.) 

OiroirXS.  The  root  of  the  spinous  rest-harrow  {Ononis  spinosa)  contains,  accord- 
ing to  HliiHiwetz,  two  crystallisable  substtinces,  ononin  and  onocerin,  a  substance 
allied  to  glycyrrhizin,  and  citric  lu-id.  besides  the  constituents  common  to  all  pUnts. 

The  ash  of  the  root  woa  found  by  Bukeisen  (Jahreab.  1855,  p.  717),  to  contaio 
16-76  per  cent,  potash,  378  soda,  209  chloride  of  sodium,  2087  lime,  13-37  magnesia, 
4'29  ferrous  oxide  with  tract  of  miuiganese,  4*85  8iIicH.,  793  phosphoric  anhydride,  8*88 
sulphuric  anhydriilc,  860  carbonic  anhydride,  with  l'2'OO  f<and  and  chareoaL 

OVOSVIV.  C*H"0".  (Hlasiwetz,  Ivc.  ct/.)— A  substance  produced,  together 
with  furmic  ncid,  by  l>i>iliug  ononin  with  baryta -water.  After  ull  the  ononin  is 
dissolreil,  a  stream  of  carbonic  acid  gas  is  passed  into  the  liquid,  and  tho  precipitate  is 
washed  with  ccld  and  digested  in  boiUng  water,  which  difisulvcs  the  onospin,  and 
deposits  it  OQ  cooling  as  a  white  interlaced  erystatline  mass.  It  is  innoluble  in  ether^ 
bat  easily  soluble  in  alcohol.  It  dissolves  aW  ia  alkaUs^  and  is  precipitated  by  acids. 
It  mells  at  162*^.  and  solidifies  to  an  amorphous  msas  on  cooling;  may  be  heated  to 
200"  without  decomposition  ;  yields  a  sliglit  sublimate  when  heated  in  a  tube.  It  is 
coloured  dark  carmine-red  by  sulphuric  acid  and  mitnganic  pervside.  Its  aqueous  or 
alcoholic  solution  gives  a  dark  cherry-red  colour  with  ferric  chloride.    When  heated 


204 


ONYX— OPAL. 


vith  ht/drocUoric  or  dilute  mlphurtc  aeid,  it  ia  resolred  into  glaco««  ftnd 
(p.  203). 

OVTX.  A  eh&lcedonic  Tvietj  of  qnartz,  nAf^mbling  agate,  but  having  tha  eabnni 
— ufluaLly  a  light  clear  bro^ra  and  an  opaque  whit« — arraoged  in  Bat  boriaontal  pUaiai 
When  ibet  layers  oonaiat  of  sard  and  whito  chalcedonj,  the  stone  is  called  sardan^, 

OOSklTS  (from  «^  an  egg). — A  lime-stona  rock  ooDBistiog  o{  minute  fpherieal 
graius  reaembliug  the  roe  of  a  fisL  In  some  oolites  the  individual  graioa  are  ft^nimi 
of  conconthc  layers  enclosing  a  nuoleos  of  some  foreign  substance ;  in  the  oolit«  ct 
the  Kiu*liibad  sprtngd,  for  example,  this  nucleus  asually  consists  of  granite. 

008XTB.  A  mineral  resembling  pinite  from  the  porphyry  of  Ooa  near  O«roldflaaia  | 
£a>i4-D.  Nessler  (Jahreab.  1861,  p.  1008)  found  m  oosita  from  Onnsanbacfa  aodl 
fieiighofen,  5869  silica,  2-289  alumina,  409  ferrous  (-  4-6i  ferric)  ozidc^  O-ttJ 
magnesia,  4*94  potuh,  1*14  soda  and  dll  water  (»  100-27). 

OFA&.  Native  amorphoos  hydrated  silica,  occurring  in  massee  haring  a  coochflUsl. 
fracture,  vitreoos  lostre  sometimea  inclining  to  reainous  or  pearly,  and  white,  yeOow,. 
brown,  grtcn,  or  grey  colour  according  to  the  foreign  flDbstnnces  present,  aometiasi 
exhibiting  a  rich  play  of  colours,  or  di]lereot  colours  by  refracted  and  reflect«d  li^O, 
HurdDem  «■  d'A — 66.  Spt<cilic  gravity  ^  1*9 — 23.  It  a^ipemrs  to  be  a  mucture  of 
several  hydrates  of  silica  and  rarious  adventitious  subslancea,  such  a»  ferric  oxide, 
alumina,  magnesia,  alkalis,  &c,\  the  proportion  of  silica  varying  from  7S  to  96  per 
cent.,  and  that  of  water  frum   3  to  12  per  cent.     Pulverised  opal,   like   artifidally 

J  prepared  amoipbous  silica,  dissolves  in  hot  poUuth-ley,  a  charocter  by  which  it  ii 
liHtinguifibed  from  quartie  ^crystallised  silica).  Opal  is  infusible  before  the  blov- 
pipe,  bat  g^vee  off  water  aou  beeomea  opuque.  Some  varieties  containing  iron  turn 
red. 

The  following  varieties  of  opal  are  distinguished  according  to  their  colour  and  other 
pbjHiad  properties. — 1.  Precious  or  noble  tmal :  generally  white  or  colourless,  and  ei- 
bibiting  a  rich  play  of  colours,  green,  red,  blue,  and  yellow  of  variona  sbodea.  When 
large  and  exhibiting  its  iridesceoco  in  perfection,  it  is  a  Ten*  valuable  gem.  It  orcun 
in  porphyry  at  Czemewitsa  near  Kasbau  in  Huogary,  at  Frankfort,  and  at  Oradas  i 
Dies  in  Uunduros. — 2.  Firt  opal  or  Girasol:  a  transparent  opal  coloured  hyacinth-red 
to  boney-  and  wine* yellow  by  ferric  oxide,  sometimes  with  blue  and  yellow  shades; 
occurs  at  Zimapan  in  Mexico  and  in  the  f  aro«  islands. — 3.  Ccmmon  opal :  of  rarioot 
colours,  but  only  translucent  or  spmi-trunsparent  and  without  iridescence ;  abundant  ia 
Hungary,  the  X'aroe  isUiids,  Iceland,  the  Giant's  Causeway,  and  the  HebHdrs :  foand 
also  nearSmyma. — 4.  Hyaliit :  mostly  quite  transparent  and  eolonrless,  or  enamel-like, 
but  neither  bright-coloured  nor  iridescent ;  occdts  in  amygdaloid  at  Scliemniti  in 
Hungary,  and  in  clinkstone  at  Waltzsch  in  Bohemia  ;  also  in  several  loctilitiea  in  the 
United  States. — 5.  Srmi-op<il :  generally  transluct'Dt  at  the  edges  ouly,  and  with  a 
waxy,  not  glassy  lustre ;  found  near  Uanao. — 6.  Wood-tfpai  is  a  semi-opal  haring  a 
peculiar  ligneous  structure,  produced  in  fiict  by  the  silicntisation  of  fossil  wood;  tt 
forms  large  trees  in  the  pumice  conglomerates  of  Stuha  near  Neusohl  and  Kreronitz  in 
Hungary,  in  Faroe,  near  Hobsrt  Town  in  Tasmania,  and  other  trap-countries.  TTbs 
following  varieties  occur  as  coneretions  or  coatingB. — 7.  McfiiUte:  brown  opaqaa 
compact  renlform  masses,  imbedded  in  udhtsivc  olate  at  Menil  Montant  near  Paris. — 
8.  Cacholong  :  nearly  opaque,  of  popcelain  cr  bluish-wliite  colour ;  adheres  to  the  tongn^ 
contains  a  small  quantity  of  alumina  with  3'6  per  cent,  water;  it  is  closely  allied  to 
hydrophane,  and  often  asKociated  with  it;  occurs  in  loose  masses  in  the  river  Caoh  ia 
Bucharia. — 9.  OprtZ-^/'rwiwr  is  a  variety  containingseveralpercent.  of  iron. — 10.  StUciovs 
tintcr  is  a  loo#ie  silicious  aggregute  deposited  by  the  Geysera  of  Iceland,  where  it 
|>resente  porous,  stjUactitic,  fibrous,  cauliflower-tike,  and  occasionally  compact  coner^ 
taons,  called  guj/seriie  by  Dumour.— 11.  Piarl-sinttr  or  FioriU  occurs  in  the  cavities  of 
Tolcanic  tufa,  in  smooth,  shiuiug.  globular  and  boTryo'idal  masses,  haring  a  peariy  lustre. 
— 12.  Micka/liU\  from  the  island  of  St.  Michael  in  the  Azores,  is  a  whitu  pearly  vari^y ; 
Bppciftc  gravitv  1*88. — 13.  Alutnoealcite  is  an  impure  opal  of  a  blnbih  milk-white 
colour  containing  6  per  cent.  lime. — 14.  Some,  if  not  all  the  silicious  deposits  formed  of 
infusorial  remains  also  consist  of  amorphous  soluble  eilica  (some,  however.  likewiaa 
contain  quartz).  RoTidamU  {silice  gilalineus€\  occurring  as  a  fine  earth  or  in  com- 
pact eartny  mssses  at  Cessat  near  Pont  Gibuud  (Dep.  Puy-dc-Domr)  and  in  the  neigb- 
Dourhood  of  Algiers,  is  a  variety  of  this  kind. 

Some  varieties  of  opal  are  found,  with  galena  and  blende,  in  metalliferous  veins ;  it 
also  occupies  the  interior  of  fossils  in  sandstone.  Its  formation  is  due  to  the  solubility 
of  amorphous  silica  in  water,  especially  in  hot  water  or  water  containing  carlxuuo 
acid,  the  sihca  bciiig  dis.*olvcd  out  by  spring  waters  from  decompHw-d  silicates, 
snd  deposited  under  favourable  circumstances  in  a  state  more  or  less  approaching  to 
purity. 
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OP  AX  AAXiOPHAWB,  Syn.  with  SoHAomBm  (g.  v.) ; — iilio  with  duyfloooHA 
or  Milicatp  v(  copper  (ser  Silicaths). 

OPBZO&XTB.     A  name  applied  by  T.  S.  Han t  (Sill  Am.  J.  [21  xxr.  217; 
JabreHb.  1859,  p.  786)  to  serpentine  (pore  ophiotito)  and  iu  Tarieties  (s«e  SKKFBxnirB. 
OFHZTB.    Syn.  with  SERPSKTDn. 

OPBZTOSm.  This  name  is  applied  by  Coreawinder  (Johresb.  1847-8t  p. 
\27^J)  to  the  [w^rpbyry  of  Trrnuay,  a  rock  consistiag  esafntiaUy  of  felspar  and  ftagite. 

OPXABncoiri;.     S«e  Opiajcic  Acid,  Amipis  or  (p.  206). 

OPXAiriC  ACI».      C"H'»0*  =  ^"^'g|0,  or/ctiJj!,2^''[Q,.    (Lie big  and 

Wohler,  Add.  Ch.  Pharnu  xUt.  126.— Wohler,  Ond.  I.  1.— Blyth.  ibid.  I  29.— 

Anderion,  Edinb.  PhiL  Trans. xx.  [2]  347. — Mattbt esse n  and  Foster,  Cbem.Soc 

J.  zri.  34d.) — An  acid  produced,  together  with  i7ot..irniiie,  by  the  oxidation  of  narcotine  : 

(T^U^NO^  +   0    =-    C"n"NO"  +   C'H'-O': 

Narcottnif.  CoUrnlDf .  OptAnic  acid. 

&  g.  by  the  action  of  sulphuric  acid  and  peroxide  of  magancae  or  peroxide  of  lead ;  by 
Uie  action  of  boiling  nitric  aoid;  by  boiling  hydro«hlorata  of  narcotine  with  platinio 
chloride  and  water. — Alao,  by  boiling  teropiammone  (triopianamide)  with  potaah-ley. 

The  following  is  the  mode  of  prepuratton  reuonunended  by  Matthiessen  and 
Foster:  100  grma.  of  narcotine  is  dissolved  in  a  coDHiderable  excess  of  dilute  sul- 
phoric  acid  (ICO  grms,  acid  and  1500  grmn.  water) ;  tho  solntion  is  heated  to  boiling, 
and  150  grms.  of  finely  powdert^d  black  oxide  of  manganese  (containing  60  percent, 
real  peroxide)  is  added  aa  quiddy  as  po6.Hible,  care  being  taken  that  it  docs  not  causa 
the  liquid  to  fruth  orer:  whfo  the  whole  quantity  of  peroxide  has  been  uddcd,  the 
mixture  is  quickly  filtered  through  li  funnel  surroonded  with  boiling  water.  The  lll- 
trate  on  cooling  becomes  half  solid,  &om  separation  of  crystals  of  opiunic  acid ;  and  by 
twice  reerystallising  thift  product  from  boiling  water  it  is  obtsined  nearly  pure,  though 
still  rvtaining  a  slight  brownish  colour,  from  which  it  may  be  frtn-d,  if  noceasary,  by 
boiling  with  dilute  hypochlorite  of  sodium,  and  decomposing  tho  resulting  solution 
with  hydrochloric  acid.  The  opianic  acid  is  then  deposited  as  the  liquid  cools,  and 
may  be  recryslalli^ed  from  boiling  water. 

Propertirs. — Opianic  acid  cryBtalliseg  in  thin  prisms,  often  radiating  and  intorlaced. 
It  is  colourless,  has  a  bitter  taste  and  Hlight  acia  reaction,  dissolves  sparingly  in  cold, 
easily  in  boiling  water,  also  in  alcohol  and  in  ether.  It  melts  at  140^  without  loss  of 
weighty  and  is  not  volatile;  but  if  more  stronj^ly  heated  in  a  retort,  it  creeps  up  tho 
■idtt  and  may  thus  be  distilled  without  nctujilly  rolat.ili.<)ing.  When  heated  in  contact 
with  the  air,  it  gives  off  aromatic  rapout^  which  smell  like  vanilla,  and  bum  with  a 
smoky  flame, 

Opianic  acid  suffers  a  remarkaldn  change  under  the  influence  of  heat.  The  melted 
acid  remains  soft  and  transparent  for  some  time  afUr  cooling  bat  ultimately  loses  ita 
transparency,  aud becomes  hard  and  milk-white.  In  this  stateit  has  thesame  composition 
as  the  crystallised  acid,  but  differs  from  it  considerably  in  its  properties,  being  insol- 
uble in  water  and  alcohul  and  even  in  dilute  alkalis,  dissolving  only  aJler  prolonged 
boiling  with  caustic  potash. 

J)eoMtpoeitioH$.—h  Opianic  acid  heated  with  nitric  acid,  phiinie  cMcride,  or  *ui- 
fihurio  acid  and  peroxide  of  Icad^  is  converted  into  hemipinic  acid,  C'*H'*0". — 
2.  When  it  is  mixed  with  a  large  excess  of  potash-ley,  and  evaporated  nearly  to  diynesa. 
it  is  resolved  into  hemipinic  acid  and  meconin:  2C»H»*0»-.C'"H'"a'  + C"H»»0« 
(Matthicssen  and  Foster). — 3.  By  the  action  of  nascent  hydrogen,  as  when  ita 
M<]|Uoons  solution  is  wanned  with  aodium-amalgajn^  it  is  converted  into  mecouia 
(Mattbiesaen  and  Foster): 

C'^H'^O*   +   H"     =     C'«H'*0*   +   H«0. 

4.  When  fused  in  a  current  of  dry  ehiorine,  it  gives  off  hydrochloric  acid,  and  yields 
ypUowish-red  rflsinous  products  (Wohl  er). — 6.  When  heated  with  three  or  fonr  times 
Its  weight  of  strong  hydroeAloric  acidf  either  to  100^  in  a  sealed  tube,  or  to  the  boiling 
point  of  the  acid  in  an  open  vessel,  it  is  decomposed,  with  evolution  of  mothylic  chloride 
and  carbonic  anhydride,  and  fonnation  of  an  acid  containing  C11*0'  (MntthicHsen 
and  Foster): 

C"H'*o»    f   HCi    «     c»H*0'    +    circi. 

6.  A  similar  decomposition  appears  to  take  place  when  opismic  acid  is  boiled  with 
fuming  At/driodic  acid,  metliylic  iotliJe  being  given  off  without  separation  of  iodine 
(Matlhiesaen  and  Foster). — 7.  tSH^pAi^iroiia  ar/rf  dissolves  opianic  acid,  producing 
opiano-salphurous  acid. — 8.  The  aqueous  solution  of  opiJinic  acid  does  not  appeiiF 
to  be  altered  by  iuipkydric  acid  at  the  boiling  heat,  but  on  cooUng  to  70°  it  ia  con- 
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Toit«d  into  snlphopianic  acid,  C"U**80*,  without  foniuUion  of  aaj  other  prodvt  • 
(Wohler). 

C»H"0»  +   H«    -    C'»H»«SO*  +   HKX 

OpiAKiTBi     C'lPMO*  or  C™H»*M"0»,  according  to  the  atomicity  of  th« 
A  l>oiling  Bolation  of  thr  acid  doeompoeca  the  carbonatca  of  bariazo,  caicitunt  Icfldj 
sihTr.  fbnaiiig  crystuUisablc  saltA. 

The  ammtmium-eaU  ia  obtained  in  larsei  tabular  OTStala  bj  spoot&Deaaa  tr%^ 
of  a  mixture  of  alcohol  and  a  saturated  solution  of  opianio  acid  in  ammoma. 
ammoniacAl  solution  unmixed  vitb  alcohol  jlelda  hj  .eTapontion  an  amorphona 
parent  man,  which  diasolTea  but  partially  in  water,  leaTing  a  residae  of  op"~ 
{vid.  i»t/.). 

The  f/arium'Sali,  C"H"Bba''0**.2HK>.  forma  radiate  prisms  which  efflorraor  with 
loss  of  6  per  cent,  water  ( «  2  at,).  The  caicium^BtUt  ia  soluble  and  CTyglalliaaMa 
The  Imdrsali,  C"H»Ppb''0'*,2HH),  forms  shining,  trannparent,  mammellated,  spanadlf 
Doluble  crystals,  which  mell  at  160°  acd  begin  to  decompose  at  180°.  From  hot  acun- 
Lioas  it  sometimes  crystallises  in  tuftd  of  HmuU  silky  prisma  which  are  anhydrocta.  It 
is  soluble  in  alcohol.  The  n/vrr-galt,  C'*H*A^*.jrHH),  cryBtallisec  in  trmoBpSfM 
nhortenrai  prisms,  which  appear  yellow  in  maaa.  They  give  off  their  water  At  100^, 
and  melt  with  decomposition  ut  200^. 

Opianate  of  Ethyl.  Opianic  Eth^.  C"H»(CH*)0*.— Formed  by  pening  soU 
pburons  acid  atm  into  a  hot  alcoholic  solution  of  opium'c  acid,  and  deposited  £ra>m  tfaa 
concentrated  bqoid  in  tut^  of  small  prismas  or  in  sphemlea  (Wohler).  Or  it  m^  be 
produced  by  fapating  opianic  add  with  alcoholic  hydrochloric  add  to  100^  in  «  mmM 
tube,  precipitated  by  pouring  the  coutonts  of  (he  tube  into  wat^r,  and  obtained  " 
cryFtallisiihon  from  alcohol  in  hcmisphmcal  mjissea  of  brilliantly  white  T9^'~' 
needles  (M&tthic&sen  and  Foster).  It  is  inodorou^  but  has  a sUghtly  bitter 
is   insoluble  in  water,   but   disaolvea  easily  in   alcohol    and   ether;    melts   at 

(Wohlor)  ;  at  88°  (MatthieGscn  and  Foster),  and  solidifiea  ina  radiat«d  

cooling.  It  may  be  sublimed  between  two  watch-glassos.  When  heated  some  desTMt 
above  its  melting  point,  it  remains  for  a  long  time  aoft  and  amorphous ;  it  bears  am^ 
temperature  without  decomporation.     (Wohler.) 

By  boiling  with  water,  it  is  slowly  converted  into  alcohol  and  opianic  add, 
quicJdy  by  potash.    It  ia  not  attacked  by  ammonia  in  the  cold.     (Wohler.) 

Acidt  derived  from  Oputnic  acid, 

Opiano-sux.phukousAcid,  C'^H'SO*?  (Wohler,  toe.  ci/.)— This  acid, obtained 
by  evaporating  a  solution  of  opianic  add  in  hot  aqneuus  sulphurous  add,  is  a  trac^jarent, 
crystalline  mass,  which  dissolves  the  carbonates  of  banum  and  lead,  forming  erystalltsed 
salts. — The  boriumsnH  forms  shining  colourless  rhombuidal  tablets  which  giiTe  off 
water  and  begin  to  decompose  at  liQ^. — The  Itad-salt  cryst&Uiseti  in  foor-rided  prinm 
with  dihedral  summits  and  having  their  lateral  edges  replaced  by  broad  fsMs,  so  that 
the  crystals  appear  hexagonal  They  give  off  6*6  per  cent,  that  ia,  half  of  their 
wat«r  of  cryBtfluIisation  at  130°,  the  rest  with  flight  decomposition  at  170°.  The  oys- 
tallised  salt  gave  by  analysis  29*23  per  cent,  carbon.  300  hydrogen.  8*10  (.nlpbur,  and 
26-67  lead-oxide,  agreeing  approximately  with  the  formula  C"H'PbS0*.3HK)  (eid. 
Gerhardt,  TraiU^  iv.  87). 

SoLPHopiA-Nic  Acid,  C"H'*0*S*,  produced  by  the  action  of  sulphydrie  add  on 
opianic  add  (p.  205),  forms  delicate  yellow  prismB  which  soften  below  100^,  aud  become 
completely  fluid  at  the  tenaperalor©  of  ttoiUng  water,  forming  a  pale  yellow  oil  which 
on  cooling  solidifies  in  a  traniipareiit  amorphous  mass.  This  acid  gives  by  analysis  52*<i 
— fi3*0  per  cent,  carbon,  A2  hvdrogen,  and  14-3  sulphur,  the  formula  requiring  631  C, 
4-4  H,  14-1  3  and  28-4  0.    (Wohler.) 

The  add  decomposes  above  100^,  and  when  calcined,  takfs  £t«  and  bums  with  a 
sulphurous  flame. 

The  amorphooa  acid  dLtiKjlves  in  alkalis,  and  the  solution  of  its  ammoniom-salt 
form£  with  lead-  and  silrer-Kalts,  precipitates  which  are  easily  decomposed  whan  heated 
in  the  liquid. — The  behaviour  of  the  crystaUised  add  with  bases  has  not  bees 
examined. 

OVXAJnc  ACID,   AWrPBS   OV-    Two  of  these  bodies  are  known,  vis. : 
^"SSL1c"H'N0"  -  (C"H'0-)'N.H>0.-  3C-H"0'  +  Nff  -  2H'0. 
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Both  thpM  coropoundB  are  renolved  bj  alknlis  into  opianic  add  and  ammotiia,  hut  only 
the  first  appean  to  be  producible  by  the  di'faydmtion  of  opianata  of  ammoniam. 

Opiakmomb,  C*H'*N0*. — A  solution  of  opianie  add  in  ammonia  I«tm,  when 
evaDoriitoil  ut  a  rery  gfntlo  heat,  au  amorphuUfi  traasparont  masfl,  which  b<romca 
mila-whito  when  treated  with  water  and  diiiflolTBs  but  partiaUy,  leaviDg  opfammone. 
The  dri^d  residue  may  be  completely  convtrted  info  this  compound  by  hpating  it  to  a 
ttf'mpcrHlurfi  a  little  above  100°,  as  long  us  ammonia  ia  given  off,  and  the  product  mtiy 
be  fnred  ^m  the  hutt  traces  of  opiaiiute  of  ammonitun  by  boiling  with  watrr. 

Opiammont*  ia  a  pale  yellow  cryatalline  powder,  insolable  iu  cold  wttttr,  and  but 
little  attaokc>d  by  boiling  water ;  but  when  heated  with  water  to  loO°  in  a  aealwl  tube 
it  dtssolres  completely,  as  opianale  of  ammonium.  When  heated  it  cre4>pfl  along  the 
sides  of  the  ressel  without  subliming,  bat  if  Htrongly  heated  in  contact  with  air,  it 
decomposes.  It  is  not  altered  by  heating  with  dilute  adds.  Caustic  potash  dowly 
eoDTerta  it,  with  erolution  of  aromoniaf  into  onianate  of  potassium,  and  the  potassium- 
salt  of  another  acid  not  yet  analysed,  whicli  Wi^hler  detfiguates  hy  the  nami;  xau  t  ho- 
penic  acid.  On  adding  hydrocbloric  acid  to  the  Bolution,  xanthopenicacid  ia  prpeipi* 
tated  in  yellow  fiakea  and  the  remaining  liquid  deposits  cxystals  of  opianic  acid. 
(Wohler, /MT.cti.) 

TaaoriAiCKOifB^  0"H^NO'',  is  produced  by  the  notion  of  dilute  nitric  add  upon  nar- 
eotine  ;  no  other  mode  of  preparing  it  has  yet  been  disfovored.  It  cryfrtallises  in  slender 
colourless  needles,  insoluble  in  water,  sparingly  soluble  in  cold  alcokol,  rather  mure  in 
boiling  alcohol,  very  sparingly  in  ttker.  It  la  decomposed  by  nitria  bat  not  by  hydro- 
chloric add.  Strong  sulphuric  acid,  disaoUea  it  in  the  cold  with  yellow  colour,  but  on 
beating  the  solution,  it  assumes  a  fine  crimson  tint.  It  is  not  attacked  by  ammonia. 
Boiling  potash  eliminates  ammonia  and  converts  it  into  opianate  of  potasdum. 
(Anderson.) 

OPZAirXO  BTBEB.     See  p.  206. 

OFXAJTZVisr  A  basn resembling  narcotine,  foand  by  Hinterberger  (Ann.  Cb. 
Fbarm.  Ixxni.  207  :  Uxxii.  319]  in  some  specimens  of  Egyptian  opium.  It  was  pre- 
dntated  Vy  ammonia  from  the  aqueous  extract  together  with  morphine,  and  on  dis- 
■olnng  this  predjntato  in  alcohol,  the  cpianine  crystallised  out  first  in  large  right 
rhombic  prisms,  which  yielded  by  analysis  63M)  per  cent,  carbon,  67  hydrogen,  and 
4*3  (mean)  nilrocpn,  whence  Hinterberger  deduces  the  formula  C**if*A*0*'  requiring 
631  carbon,  6'S  Iivdn^pen  and  4*5  nitrogen.  In  one  analysis  howev«r  (by  combustion 
with  soda-lime),  riinterborger  found  only  2  2  per  cent  nitrogen,  and  accordingly  gare  at 
first  the  formula  C^Z/^AT/" :  Anderson  (Ann.  Cli.  Pharm.  xeriii.  fiO)  deduces 
from  the  same  daU  the  formula  C^H^NO".  Gerhftrdt(7V<i/V^,iv.  68)  and  Wellzien 
(Orffan,  Vrrbind.  p.  667)  doubt  the  existence  of  opianine  as  distinct  ftom  narcotine. 
Cpianine  forms,  according  to  Hinterberger.  a  cKlontintrcuraU  containing  C^H^Ii*0'*. 
HClMffCl.     (See  Gmeiin*s  Handbook,  xvi  66.) 

OPZAVO-Birz.PHtraoVB  ACXS.     See  p.  208. 

OTUkXYlMm  C'*H"0'. — A  radicle  which  may  be  supposed  to  exist  in  opianio 
acid  and  iU  dcrivatires.    Anderson  applies  the  name  to  meconin,  C'*fi**0*. 

OPIUM.  This  valuable  drug  is  the  dried  juice  obtained  from  the  unripe  capsules 
sf  the  while  [wpny  {Panaver  sommffrum\  a  plant  extensively  cultivated  for  th«  nur- 
poee  in  Asia  Minor,  Egypt,  and  Hindostau.  Persia  and  Algeria  likewise  produce 
Opium,  and  the  plant  has  been  cultivated,  bat  not  with  very  satisfactory  results, 
in  Tarious  partB  of  Europe.  The  European  markpts  are  supplied  chiefly  from  Asia 
Minor  and  Egypt,  the  opium  from  the  former  locality,  called  Turkish  or  Smyrna  opium, 
being  the  beat,  that  is  to  aay  the  richest  in  ciorfihiiie.  Eaat  Indian  opium  is  clurfiy 
exported  to  China.  The  opium  is  extracted  by  makinf;  incisions  in  the  capsules  just 
i^ter  the  petals  have  fallen  off  A  milky  juice  then  exudes  which  soon  concretes:  it  is 
left  to  dry  over  atght,  then  remoxed  with  a  blunt  knife  and  kneaded  with  water  into 
cakes,  which  are  then  further  dried.  As  thus  prepared,  it  is  brown  and  somewhat  hard, 
has  a  bitter,  acrid,  nnuseous  taste,  and  a  peculiar  sickly  odour.  It  softens  with  the 
heat  of  the  hand  ;  when  more  strongly  heated  it  takes  fire,  but  does  not  bum  readily. 
For  further  particulars  respecting  the  preparation  and  pruperlies  of  opilum,  see 
Pereira's  Matrria  Mcdica;  also  a  paper  by  Dr.  Eatwell  in  the  Pharmaceutical 
Journal  for  1852.] 

Opium  is  a  very  complex  substance  containing  several  alkaloid.*,  two  or  three  onriinio 
adds,  and  several  neutral  organic  substances  besides  inorganic  salts.  The  following  ii 
a  list  of  its  peculiar  consti  taenia ; 
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4lkmkli4*. 


Hmme. 


Narcotine 
MorpIiioQ 

Nurcoine 
pHpadomorphine  ? 

ThebMne  5 

pMpATcrinfl 
Opioniue? 


lh»co¥ertd  bff 


Demsne 
Sertiiruer        „ 
Robiqnet        , 
PellftiVr  , 

Pelletior         , 
PcUrticr       ) 
uid  Couetrbe  \  * 
Marck  „ 

Hinterberger , 


in  1804 
„  1804 
,.  1833 
M  1833 
..  1836 


1835 

'840 
18dl 


Aa4»  and  Sevtral  Smit&t^ 


name. 


MKonie  fteid 

Oil^  itcid  (Opiom-bt ) 

Optum-resifl 

Meconin 

Porphyroiin  ? 

Thflbolttcticacid? 


i}Ut*f9gre4  kf 


Sertumer  in  M(U 

PelleHea-  „  \m 

P*l1(*tier  „  1»3X 

Dnblnne  ,«  IMS 

Mprck  „  IM7 


All  the  alkaloTdB 
alrfiKly  dt'scribi^l ; 
(8(?eiii.  1061  and  iv. 
thn  opiom-alkaloids 


in  the  proceding  list,  except  papaverine  aod  tfuftaint,  have  ■ 

tbe  existence  of  pMudomorphino  and  opiajiine   ia  rtsiy  doab 
208 ).  The  following  table  dhibitf  a  geneml  Tiew  of  the  i 
with  vArioufl  solTenU: 

Soiubtiitt/  of  Opiurn'OikdUnds, 


Marphfiii 


C'rH'»NO*. 


Very  ipnrlnglji        ModerKtelj 
■uIuiplD^  lolublc. 


Coddae* 


CtfHflVO*. 


SolablB. 


Tbebilnfl. 


C»H3iK0>. 


huoluble. 


P«P4T#Hnfc         C«Hn»0<. 


idioluble. 


H*r-elafl. 


C"H"NO». 


•  olubJa, 


Karcdtloe. 


C«H»»OT. 


NeiiTtr 
ininlublt. 


Incolubfe. 


Soluble 


Very  tolublc. 


Verf 

iDtolublfl. 


Incoloble  In 


'^olablfl. 


Soluble. 


Solubla  to 
dilute  i>oUah. 


Soluble. 


Soluble. 


ifiaolnblcb 


Soluble. 


loiolnble* 


Soluble  la 
dilute  poCuli. 


Soluble. 


Solubls, 


Xnioloble. 


Mcconic  arid  and  mecanin  bare  been  alreadj  de«cribed  (tii.  859,  801).  PcUctiei'j 
opium-fat  and  opium-rrsin  will  be  deatribed  further  on. 

Porpht/Toxin  u  the  name  given  by  Merck  (Ann,  Cb.  Pharm.  tx\.  201)  to  a  neutnl 
crj'fltuUine  substance  which  he  obtainf^d,  to  the  amount  of  A  per  cent,  from  East  Indian 
and  Smyrna  opium  ;  but  its  existence  is  not  well  establisned.  Anderson,  who  aong^t 
fur  it  with  some  care,  was  unable  to  obtain  iL 

Thebofartic  arid  ia  an  anid  isomeric  with  lactic  add,  said  to  exist  in  Turkey  opium  to 
th*^  amount  of  2  per  cent.,  and  to  he  Hcpnmtcd  from  the  impure  mother- liquors  of  mor- 
phine bv  the  ready  crystalliflability  of  its  calcinm-mlts.  Stenhonse  rejjTirds  it  as 
idsnticKl  with  lactic  acirl,  but  some  of  ita  saltfl.  c«pocially  the  copper  and  morphin;^ 
sullfi,  are  said  by  its  discorerera  to  differ  in  character  from  tbe  corresponding  lactates. 
The  ferric  salts  of  the  two  ucids  are  likewise  said  tu  difTtr  in  their  reaction  with  am* 
nionirt.     Anderson  waa  not  ablo  to  detect  the  existence  of  thcbolactic  acid  in  opinni. 

Opium  likewise  contains  Bum,  caoutchouc  or  a  similar  substance,  vegetable  albumin, 
cflluloac.  and  a  Toliitile  odoriferous  principle.  It^  inorganic  constituents  are  potash, 
soda,  ammonia,  bme,  magnesia,  alumina  (?)  and  ferric  oxide,  combined  with  hydro- 
chloric, sulphuric,  phosphoric,  and  silicic  iicids. 

The  proportions  of  these  several  conslitai-nt«  rary  greatly  in  opium  from  diffemit 
localitit-s-  Tha  quantity  of  morphine,  on  which  the  commercial  value  chietSy  dep«Qdi^ 
vflriM  from  3  or  4  to  14  or  15  per  cent  Smyrna  opium  generally  eonlains,  in  thadiy 
BtHto.  from  12  to  14  per  rent,  morjihine  (Gnibourt);  E^'ptian,  in  the  dry  RtAte,  from 
<>'8  to  6'6  per  cent.  (Guibourt).  Merck.  h«>W('TPr,  found  6  to  7  per  cpnt.  in  the  uudried 
Bubatance;  Eaat  Indian  opium  contaiua  from  o-3  to  7'7  per  cent.  (Guibourt) ;  in  & 
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9ri«d sftmple of  PentAD Opium  Onibourt  found  11-37  p»eent.  morpMne  and 8*17  nar> 
Botine.  Algerian  opium  containing  7'6  per  cent,  water  was  foandbj  Aabergier(Ann. 
C3h.  PbyB.  [3]  zx.  303)  to  contain  the  following  proportions  of  morpliine:  opinm  from 
wiiite  poppies,  X-62  to  8-67  per  cent.;  from  kq  poppies,  10*37  to  11-23  per  cent.; 
Braoi  porple  poppies,  14*71  to  17'83  per  cent.  In  dry  opium  gathered  at  Erfurt 
bom  th^  blue  poppy,  Biiti  found  16^  and  20  per  cent;  in  that  from  the  whit* 
pO|^7,  6*85  per  cent,  morphine.  French  Tarieties  when  dried  contain  on  the  aTerago 
17'7  per  cent,  morphine  (maximum  22*9  ;  minimum  14*8)  (Gutbourt).  Opium  col- 
tcetea  at  Brest  in  1852  contained  8'2  per  cent.  (Roux,  Compt  rend.  xL  34);  that 
from  Amiens  in  1863  contained  1475 ;  and  that  fh>m  the  same  place  in  1854,  contained 
16  per  cent  morphine.  (Descharmes  and  Benard,  Compt  rend.  xL  34. — Gmelin*a 
Bmuibook,  xvi.  416.) 

The  following  method  of  extracting  the  alk^oids  of  opium  and  determining  their 
relative  quantities  is  given  by  Anderson  (Chem.  Soc.  J.  xt.  448).  The  morphine, 
eodBine  and  meoonic  add  are  first  separated  by  the  Bobertson-Gregoxy  process 
whidk  consists  in  treating  the  aqueous  extract  of  opium  with  chloride  of  calcium, 
viMveby  the  meconic  acid  is  precipitated  at  a  calcium-salt,  while  the  bases  remain  in 
■olntion  as  hydrochlorates,  among  which  the  morphine  and  codeine  salts  are  easily 
Orjrtallisable  and  separate  from  the  concentrated  solution,  leaving  the  other  baaea  in 
tlu  mother-liquor.  The  morphine  and  codeine  are  then  separated  by  ammonia  aa 
■2rM4y  described  (iii.  1061). 

To  obtain  the  other  bases,  the  black  treacly  mother-liquor  is  diluted  with  water  and 
vubcad  with  ammonia,  which  throws  down  a  copious  dark  brown  precipitate  consisting 
ci  aarootine,  papaverine  and  thebaine,  accompanied  hj  a  small  quantity  of  codeine, 
and  contaminated  with  a  brown  resinous  substance.  This  precipitate,  wmch  is  at  first 
qnita  granular,  runs  together,  if  allowed  to  remain  in  the  liouic^  into  a  resinous  mass, 
idiereby  the  mother-liquor  is  squeezed  out  of  it  as  efiTectnaliy  as  if  it  were  put  into  a 
powrful  press.  The  solution  of  this  pn>cipitate  in  boiling  spirit  deposits,  on  cooling 
Unpore  crystals  of  narcotine,  which  may  be  purified  by  succeasire  drstaUisation^ 
wiu  aid  of  animal  charcoal.  A  further  crop  of  crystals  is  obtained  by  distilling  down 
the  solution,  and  finally  there  remains  a  black  mother-liquor,  from  which  thebune  and 
puaverine  may  be  prepared.  For  this  purpose  water  is  added;  the  liquid  is  slightly 
■adnlated  with  acetic  acid ;  the  resin  therebv  separated  is  filtered  off;  basic  acetate  of 
load  is  then  added  to  the  filtrate  till  it  exhibits  an  alkaline  reaction  ;  and,  the  precipi- 
tate being  separated,  the  excess  of  lead  is  removed  by  sulphydric,  or  more  conveniently 
l^  Bulphuric  acid ;  ammonia  then  precipitates  the  thebaine,  stall  mixed  withreeinoua 
natters,  from  which  it  may  be  separated  by  crystallisation  from  alcohol ;  it  can  then  be 
dMOlorised  by  animal  charcoal.  Papaverine  may  be  extracted  from  the  lead-pre- 
eipitate  by  digesting  it  in  alcohol,  evaporating  the  liquid,  treating  it  with  hydrochloric 
•etd,  filtering  from  resin,  concentrating,  and  leaving  Uie  solution  to  itself  for  some  time, 
irilMi  the  sparingly  soluble  hydrochlorate  of  papaverine  slowly  ciystallises.  From  this 
Mlt  the  base  may  be  obtained  in  a  state  of  parity  by  precipitation  with  ammonia  and 
omtallisation  tnm  spirit 

?nie  mother-liquor  from  which  the  {medpitate  of  these  bases  has  been  separated  con* 
taint  narceine  and  meeonin,  with  a  sooaU  quantity  of  papaverine.  On  concentrating  it, 
Bareeine  separates  in  abundance,  and  is  easily  obtained  pure  by  washing  wiui  a 
■nukU  qtiantity  of  cold  water,  and  dystaUising  two  or  three  times.  Aiter  concentrating 
the  liquid  till  the  narceine  is  completely  separated,  the  residue  is  repeatedly  agitated 
ivith  f  of  its  volume  of  ether  at  26°  which  extracts  meeonin,  together  with  a  little 
papaverine ;  and  the  ether  is  distilled  off  from  the  extracts,  a  brown  syrup  then  remain 
ing.  On  treating  this  syrup  with  hydrochloric  acid,  papaverine  dissolves,  and 
meeonin  remains  in  the  form  of  a  dark  grey  crystaUine  powder,  wiiich  may  be  freed 
from  reein  by  repeated  crystallisation  from  txuling  water  with  addition  of  animal 
chamoal. 

For  Pelletier'smetbod  of  separating  the  several  constituents  of  opiam,  see  GmdiiC$ 
Mandbookt  xvi.  420.  For  the  estimation  of  morphine  in  opium,  i&d.  p.  423,  or  this 
Dictionary,  iii.  1053. 

On  the  microscopic  appeannees  of  the  several  constituents  and  medidnsl  prepara- 
tions of  opium,  see  Deane  and  Brady  (On  Microteopical  Research  in  reiaHon  to 
FMarmaa/,  Chem.  Soc  J.  xviii  34);  also  Helvig  {Das  iiikrodcop  in  tier  Tbxicoloffie, 
Haintz,  1864). 

The  following  table  exhibits  the  compositioD  of  five  sorts  of  Smyrna  opium  as  detcr- 
nined  by  Mulder  (Handw.  d.  Chem.  v.  721), 
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Analy»u  of  Smyrna  Opinni. 


uorphind         * 

108 

VI 

0-9 

2-8 

8-8 

Codeine   .        .        . 

07 

0-8 

0-8 

0-9 

06 

Karcotine 

6-8 

8-2 

9-6 

7-7 

66 

Nawpin©  . 

8-7 

7-6 

7-7 

9*9 

la-a 

Meoomn  .         .         .         . 

08 

08 

0-3 

1-4 

0-6 

Keconic  acid    . 

61 

4  0 

7-6 

7-8 

6-6 

Pat.        .        .        . 

22 

14 

18 

4-2 

16 

Caoutchouc 

60 

60 

3-7 

3*8 

s-a 

Besin 

36 

20 

41 

22 

1-8 

Gummy  extract 

262 

81-6 

21-8 

22-8 

257 

Gum 

1-0 

2-9 

0-7 

80 

0-0 

Vegetable  mucos 

191 

171 

211 

18-6 

180 

"Water 

9-8 

12-2 

11*4 

130 

140 

LOM          .         .        . 

2-2 

26 

•     . 

2-7 

3-6 

100       100       100*5     100         100 
In  tbese  analjaea  the  proportioa  of  narceijae  app«an  to  be  too  high  ;  possib];-  ll» 
thebaino  and  papttTerine,  the  amoaDt«  of  which  are  Dot  specified,  vore  weigned  with  ik 
The  fulloving  analyses  are  by  Schindler  {loe.  eit.) : 


Opiom 

Opium 

r^ 

from 

TrotQ  Con- 

SlDTTDA. 

■tAntmopI*. 

E«7F«. 

10-30 

4-50 

70« 

0-26 

062 

1-30 

847 

2-68 

0-71 

0*43 

0^8 

0*80 

4-70 

4-88 

10-93 

810 

2626 

1718 

104 

040 

40-13 

66  46 

0-40 

002 

007 

0-40 

0-24 

0*3S 

0-36 

0-36 

90-76 

%7S 

jf  orphine    ■>•••• 

Codeine 

Karcotine     .•••«• 

Naiceine 

Moconin 

jVIeooaic  acid  •  •  •  •  • 
Peculiar  rcsia  ..... 
Vegetable  mucuB,  caoutchouc,  acid  I 

fttt,  and  vegetable  fibre  {         * 

Bruwn  acid  soluble  in  water  and  in  alcohol 
Brown  acid  soluble  only  in  water,  and  gum 
Lime    ...>••. 

Hagneaia 

Alumina,  ferric  oxide,  silica,  { 

calcic  phosphate  ( 

Salts,  and  rohitile  oil  (about)        .        • 


orxUBK   VAT.     Oily  acid  cf  Opium,    C«H"0?— This  subeianco.  diaooTCred  ly 

Felletier,  is  oht^ined  by  rnp(>At»lly  digesting  opium-marc  in  warm  alcohol  of  speeiAe 
craTity  0*84,  filtering  each  time  after  cooling,  to  separate  the  deposited  caoatchouCt  and 
distilling  the  alcohol  down  to  three-fonrtha,  filtering  again  to  remove  the  narratu* 
which  crystuUiaes  out.  evaporating  the  filtrate  to  diyneaB.  again  exhausting  the  resid«« 
with  hut  alcohol  of  specific  gravity  0*')4,  and  repeating  these  upentions  till  all  Um 
narcotine  is  removed.  The  residue  left,  on  eTaporating  the  filtered  eolation  ia  ihen  ex> 
hauffted  with  boiling  water,  and  afterwards  with  ether,  which  takes  up  the  oily  acid, 
leaving  opinm-resin  tsndiflsolved.  The  ethereal  solution  when  evaporated  leftres  the  oD/ 
acid  ia  the  liquid  furrn,  but  etill  Bligbtly  coDtaminat^d  with  narcotine,  which  may  It 
removed  by  agitation  with  water  containing  a  little  hydrochloric  add  ;  the  fat  ibta 
fioiLts  on  the  surface  and  may  be  skimmed  ofL 

Opium-fat  is  generally  yellowish  or  brownish,  the  colour  being  probably  due  to  in>* 
puritieii.  It  is  soft,  almost  Uquid,  has  a  sharp  burning  taste,  and  an  acid  reaction  not 
removed  by  repeated  washing.  It  dissolves  in  alcohol,  ether,  and  oils,  and  forma  sotfi 
with  alkalis.    (Pellotier,  Ann.  Ch.  Pharm.  1.  276.) 

OPXTrm-BCASC.  The  residue  of  optuBi  left  after  removal  of  the  mecooatestrf 
morphine  and  codeine  and  other  salts  soluole  in  water. 

OPnrM-XBSnr.  C*H"KO'?— This  euhetance,  the  preparation  of  wlii'ch  has 
been  deachbi'd  in  connection  with  opiam-fat,  is  brown,  destitute  of  taste  and  odour, 
and  becomes  nearly  fluid  when  warmed.  At  a  higher  temperature  it  swells  op 
strongly,  giving  off  large  quantities  of  empyreumatic  oil  and  combustible  gases.  It  ii 
insoluble  in  water,  soluble  in  alcohol  and  in  alkalis.     (Felletier,  loc.  cit.) 

OPOBAZtSAM.    Syn.  with  Mecca  Balaam  (see  Bauamb,  i.  496). 

OyoSB&SOC.      Linintcntuni  taponato-camphoratum. — A    solution  of  loap  is 
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Rioohol,  with  the  addition  of  camphor  and  volatile  oib.  It  is  osod  cxteniaUy  aguinst 
rheumatic  (4uns,  upraiiui,  brui.sca.  and  utber  like  complaints. 

OVOPAVAX.  A  concruto  gtininiy  zrflioonn  juice,  obtained  from  the  roota  of  an 
umlM;ilifon)U£  plant,  the  Pastinaca  (Jpopanax,  L.,  Opopanax  Chironittm^  Koch,  w^hich 
pruWB  BponLancoasly  in  the  warmer  countrieii,  and  beim  the  colda  of  our  climatui.  Tho 
luice  Ib  brought  from  Turkey  and  the  £a£t  Indies,  BOPietimee  in  round  drops  or  teant, 
but  more  commonly  in  irreguhir  lamps,  of  a  redditth-ycllow  colour  on  the  outaide,  with 
Bpecka  of  white;  inwardly  ot  a  pJer  colour,  and  frequently  variegated  with  Urge 
vhite  pipcej.  It  has  a  peculiar  strong  smell,  and  a  bitter,  acrid,  somewhat  mtuseous 
tu^te.  Its  coostitnontB  are,  rosin  i2'0  per  cent,  gum  dS'i,  ligneous  matter  OS,  starch 
4*2,  malic  nad  2*8.  extractive  matter  1'6,  wax  03,  caoutchouc  a  trace,  ToUtile  oil  or 
loss  ;i9.     (Pelletier.) 

The  rosin  of  opopanax  meltfl  at  100®,  dceompoaee  at  a  somewhat  higher  temperatnrei 
and  cimtains,  according  to  JohnstoD,  03  2 — 64  0  [ler  cent,  carbon  and  6  7  tiydrugen^ 
agreeing  approximately  with  the  formula  C-^H^U'  (63-8  C,  6-4  fl,  and  29  8  0). 

0P8XBK081I.  Boudant's  naano  for  partially  altered  Fowlerite  £rom  FVanUin,  New 
Jerpfv. 

OaAlTGi:.     See  Crravs  (L  1002). 

OaJLxrOZTB.    See  Thorttx. 

OSGBXV.  C^'NO*.  Lichen^rrd,  FlrchifnrciK  (Hobiqnet,  Ann.  Ck  Phys. 
[2]xlii.24o;  Iviii.  320.— Heert-u,  Schw.  J.  lix.336.— Dnmas,  Ami.  Ch.  Phnrm.  iivil 
145.— Kane,  PhiJ,  Trans.  1840.  p.  285.— Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  ' 

13J  xxir.  315.) — A  compound  formod  from  orcin  by  the  action  of  ammonia  and  oxygen. 
t  is  prepared  as  follows :  a  smoU  dish  containing  powdered  orcin  is  placed  above  a 
Tesael  containing  strong  ammonia,  and  the  whol^  la  coveivd  with  a  bt41-jdr.  In  the 
oonrfle  of  24  hours  the  transformation  is  complete.  The  prodnet  may  then  he  dis- 
boIwhI  in  water,  and  poured  into  a  fjolution  of  hydrochloric  iioid  which  precipitutes  the 
orcein  in  red  flocks,  of  a  fine  red  colour.  Orcein  is  proBcnt,  together  with  other  colour- 
ing matters,  in  the  arcliil  of  commerce. 

Orcein  i«  uncrystiiUtsa'ble.  It  dissolves  sparingly  in  itotfr,  imparting  howerer  its 
colour,  nnd  is  prcxJpitattxi  from  tho  sotution  by  neutral  salts.  It  is  very  soluble  in 
a/cohol,  forming  a  deep  ecarlet  solntion  from  which  it  is  precipitated  by  w^ter.  Itdia* 
dolrca  in  nqueoiis  ^A  alkalis  with  violet-red  colour:  the  amm/>nkal  solution  is  of  a 
vi-ry  rich  pansy  colour.  Orcein  is  separated  by  acids  from  ita  combinaf  iona  with  alkalia. 
Sulphide  ff  ammonium  destroys  the  colour  of  the  ammoniacal  solution,  producing  u 
brownish-black  b'qoid.  which,  however,  recovers  its  red  colour  on  exposure  to  thn  air. 

When  a  piece  of  sine  is  plunged  in  to  an  ammoniacal  solution  of  orcein  to  which  a  slight 
excem  of  hydrochloric  acid  hfts  been  added,  the  liquid  is  completely  decolorised,  and 
when  mixed  with  acertaiu  quantity  of  ammoDia  deposits  a  white  powder,  loucoreein, 
which  by  contAct  with  tlie  air  soon  fl.ssumes  a  derf'p  purple  tint 

Orcein  mixed  with  wiiter  or  dissolved  in  nmmonia  is  converted  by  contact  with 
ehhrin*,  into  chlororcein,  which  is  soluble  in  alcohol,  ether,  and  in  ammoniacal  water, 
colouring  the  last-meulioiied  liquid  brown. 

OKCKEL&A  D7X3B3>B,  The  cylindrical  and  flat  species  of  Roccdic  used  in  tlie 
manuittcture  of  orchil  and  cudbear  are  so  called  by  tho  makeni  (Boa  Ure^t  Diet,  of 
ArU,  #r.,  iii  311). 

OXCBZX.  Syn.  with  Abchil  (I  355). — An  improved  method  of  preparing  this  dye, 
introduced  by  Dr.  Stenhouse,  corndsts  in  treating  the  oolour^yielding  lichens,  on  the 
spot,  with  an  alkali  (potash  or  lime)  to  extract  the  colouring  acids,  and  precipitating 
these  acids  with  hydn>chIoric  or  acetic  acid;  they  ore  tlms  comjiletely  separated  from 
the  woody  fibro  und  other  inipurities. 

Re«pectijig  the  improrpd  orchil-dye  called  "French  PmTsle,"  see  Dtxino  (ii.  366), 
also  Eofmann's  Ucport  on  Chtmicai  I*roducts,  ^c,  in  the  International  Exhibition  of 
1862,  p.  117, 

OaCBZfi»  The  root  of  Orchis  fusca  contains  eonroarin,  2*47  grammes  of  which 
may  beobtained  from  a  kilogramme  of  it.     (G.  and  C.  Bley,  Jahrosb.  1867,  p.  484.) 

OSOXW.  C'H*0'.  (Robiquet,  Ann.  Ch.  Phys.  [2]  ilii.  245;  Iviii.  320.— 
Liebig  and  Will.  Ann.  CK  Pharro,  ixrii.  147.— Dumas,  iW-  xxvii.  140.— 
Schunck,  ifrid.  ill  169  ;  liv,  26&.— Gerhardt,  Compt.  chim.  1846,  p.  287.— 
Stenhouue,  Phil.  Trans.  1848,  p.  85;  Ann.  Ch.  Phnrm.  Ixriii.  93,  99;  Proc.  Roy. 
See.  xii.  263  ;  Chem.  Soc.  J.  xvi.  327.— De  Luynea,  Ann.  Ch.  Phorm.  cxxviii.  330  ; 
catix.  31.— Lampnrter,  ibid,  cxxxiv.  256,— Gm.  xii.  363.— Gerh.  iii.  810.)— This 
substance,  discovered  in  1829  by  Robiqiiet  in  Variohria  dtolfHita,  appears  to  *'xii*t 
ready  formed  iu  aU  the  lichens  used  for  the  preparation  of  archil  and  litmus.  It  is 
formod  artificially:  l.By  boiling  ontcUiDic  acid  with  wiiler,  and  thorvforoabo  by  boiling 
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UcuKiric  («-or»ellic)  acid,  -rrthric  add  («iylhriii)»  picroemhrin,  or  erenuc  acid,  vitk 
aqueous  alkalis,  Uipse  IaU«r  nubstiuioea  (except  picrocrTtbrm)  beiog  fint  coavcatM  iA 
oneliliiic  acid.    Its  fomiation  from  onaUtnio  acid  u  R>preaented  d/  tha  aquatiai, 


C-H-O*  - 

C7H"0»  +   C0«; 

Ort«lllalcftdd. 

OrdD. 

picroerTthnn  hy  th«  equation, 

C'*H"0'   +   HK)    - 

C'H'»0*  +  C'Hn)' 

TlCTiMstjthria. 

Erythro.            Onln. 

-t-  co«. 


I 


IDUtnllB. 

2.  By  Uie  dry  diatiUation  of  lecanoric  acid.  eiTthiic  add,  eremie  acid  or  picivei j  tlma. 

3.  Togntber  with  pax«oxjbeuzuic  acid,  by  melting  aloes  with  bjrdrate  of 
probably  tbtu : 

e»H'*0'  +  0     -     CTIH)«  +  CrH*0»  +  CO*  ■»-   HK), 

Alorretto  OrdD.  ParaoKjr- 

■cid.  bciuolc  acid. 

A  pound  of  aloM  thus  treated  yielda  from 9 to  11  grammea  of  orcin.     (Hl&ffivctind 
Barth,  Ann.  Ch.  Pbann.  cxxxiT.287.) 

Prt-paration. — 1.  Di^  Variolaria  dtalbata  ia  pxhauiited  with  boiling  alcohol ;  th«Kd>* 
tion  freed  by  craporation  and  cooling  from  the  resin  which  separatee ;  the  ifrntaifnag 
liquid  oraporated  to  an  Mtnct ;  and  ibtit  extract  exhausted  with  wat^r.  The  aqueooi 
BolutioD  evaporated  to  a  syrup,  de[»ositfl  after  a  few  days  crystals  of  orcin,  which  mn  %• 
purified  by  recryRtAUieatioD  from  wat«r,  with  addition  of  animal  ehaxT!oal,  dnriofl:  wmek 
operation,  however,  the  charcoal  abeorbaaconsidcruble  quantity  of  orcin.     (Robiq«et| 

2.  A  roccclia  or  a  leoeawrQ  u  macerated  with  milk  of  lime ;  the  atrained  liquia 
boiled  for  a  few  hoars  is  an  open  Teasci  and  eraporated  to  one-fourth ;  carbonie  add 
gae  passed  through  it  as  long  as  a  predpitate  of  calcic  carbonate  continaefl  to  fona; 
and  the  filtrate  evaporated  to  dryneas  over  the  wster-bath.  The  re«idae  is  boiled  with 
threeorfour  times  itsbulk  of  strong  alcohol;  thesolationeraporttted,  filtered  and  set  asidi 
to  cryf(talli«e ;  the  dark-coloured  ciystAls  are  drifd  after  three  or  four  days  between  pap« 
and  dissolved  in  three  or  four  times  their  Tolumc  of  anhydrous  ether ;  and  the  fiitaad 
solution  is  left  to  evaporate  in  vacuo.  The  large  six-sided  crystala  thns  obtained  be- 
come still  paler  by  oystallisation  (Stenhouse).  This  method  is  well  adapted  ftr 
preparation  on  the  large  scale.  De  Luynes  recommends  heating  erythric  aeid  (lbs 
extract  of  Rucceila  tmctoriOf  &c.)  with  lime  tu  150'  under  prcflsnro. 

Perfectly  colourless  ordn  may  be  obtained  by  the  following  methods:  8.  Oxeefiieor 
erythric  arid  is  bailed  with  wat(>r  for  half  an  hnur  or  an  hour,  whc*reapon  a  laige 
qnuDtity  of  carbonic  anhydride  is  given  off*,  and  the  rvaporated  solution  (mixed  peiritapl 
with  animal  charcoal)  deposits  on  cooling  a  large  quantity  of  oolonrleas  crystabof 
orcin  (Stenhonse). — A.  Iiecanoric  add  (or  its  green  mother-liquor)  is  boiled  with 
strong  baryta-water;  the  baryta  predpitated  by  carbonic  acid;  and  the  liquid  heated 
to  the  boiling  point,  then  filtered  and  ltd  to  evaporate.  The  crystals  thus  obtained  an 
usually  coloured,  but  may  be  purified  by  boiling  with  aluminic  or  ferric  hydrate,  whidi 
takM  up  the  colouring  matter.  If  the  ordn  still  remains  coloured  it  most  be  diatiUed 
&om  a  retort,  tho  distillation  being  interrupted  as  soon  as  the  orcin  Tapoura  begin  ta 
carry  colouring  matter  over  with  toetn.  The  aqueous  solution  of  the  distilljile  yidds 
colourless  crystals  by  evaporation  (Schucck).  See  also  Lamparter  (Ann.  CL 
Fhora.  cxxiiv.  266). 

PmtrtM, — Orcin  crystallises  from  its  aqueoos  solution  eraporated  to  a  symp  is 
QolovnMB  six-sided  monocUuic  prisms,  exhibiting  the  oombinalion    odP  .    aeP»  . 

—  Poo ,  sometimes  with  oP.     Angln  ooP  :  oe>P,  in  the  orthodiagonnl  prindpol  eedioo 

-  102°  24';  ooPw  :  oP  -  83*^  67';  ooPoo  :  -  Poo  -=  136^  16'.  Cleavage  parallel  to 
odPoo.    The  crystals  are  very  soluble  in  vat^  and  in  alcohol;  they  diasolvu  also  ■ 

tiher.  The  aqueous  solution  is  neutral  to  t^it-pttper.  .ind  has  a  ntrongly  sacchsrine,  aoBM 
what  nauseous  taste.  The  crystals  deposited  from  it  contain  12-67  per  cent  (1  at^)wats^ 
which  they  give  off  entirely  in  vacuo  over  oil  of  vitriol,  or  at  the  tempenitare  ol  the 
water-batL    From  anhydrous  eLher,  orcin  is  dcposit^Kl  in  anhydrous  cr^*stiils. 

Hydrated  orcin  melts  below  100^,  gi^^iiig  09*118  water  of  crystallisatioa.  Anhydrtras 
orcin  heaU^d  quickly  to  290°,  dietila  in  the  form  of  a  Byrui)y  hquid,  which  gradually  ab- 
eurbs  moisture  from  the  air  and  becomes  crystailine.  When  gently  heat^  in  shallow 
Teasels,  it  may  be  sublimed  in  nee<ltes.  Ila  vaptjur-density,  according  to  rhimas' 
determination,  is  6'7,  which  agrees  exactly  with  that  required  by  calcuhttion. 

The  aqaeoufi  solution  of  orcin  is  cut  {jiredpitated  by  mercuric  chloride,  neutral  mcetate 
of  lead,  cupric  sulphate,  gelatin  or  Unnin.  With  basic  acetate  of  Uad,  however,  it  givei 
a  whitP  precipitate  which  appears  to  contain  C'H'Ppb''0*.Ppb''0 ;  and  is  likewise  pfo- 
duced  on  adding  nitrate  of  lejvd  to  an  ammoniocal  solution  of  orcin.  V^ithferricchloriit, 
it  forms  a  dark  red  or  nearly  black  precipitate,  from  which  ammonia  extracts  ordn. 
It  doee  not  predpitate  nitrate  of  stiver  except  on  addition  of  ammonia. 
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Melted  orcin  deoompose*  dry  earbomUt  oftodium^  witlk  evblotion  of  carbonie  4iihy- 
dride.  Aqueous  orcin  added  ro  a  solutioD  of  nUctUe  o/iodium,  predpitatei  silica;  and 
acr^'stAl  of  orcin  thrown  Into  a  boiling  solution  of  sodic  vilicate  ia  ooDTerted,  without 
alteration  of  form,  into  geUtinooa  silica.  A  coDcentnited  and  slightly  acid  solation  of 
niphaU  of  quinine  or  cinckonine  beoomea  turbid  when  mixed  irith  a  concentrated  aqueooa 
solution  of  orcin,  with  separation  of  on  oilj  compound  of  the  base  with  orcin  which 
becomes  nearly  solid  on  cocpoaurs  to  the  air.    (De  Luyn«B.) 

J)feomp<mtioni,—'\.  Orcin  ^nradaallj  turns  r«d  in  contact  with  otr,  especially  in 
nnlighL — 2.  Orcin  dissolvrs  in  nitric  acid,  and  on  heating  the  solution  nitrons  fnmca 
are  evolred,  the  liquid  turning  rod,  and  depositing  a  red  resinous  subfttance  soluble  in 
aloobol  and  in  acids.  If  the  action  of  the  add  be  prolonged,  the  product  is  wholly  con- 
verted into  oxiUic  acid.  Orcin  tAkea  fire  wh«n  ■v&ry  strong  nitric  acid  is  poured  upon 
it,  but  wbon  it  ia  gradually  added  to  cooled  fuming  nitric  acid,  it  diasMTes  without 
evolution  of  red  vapours,  and  water  precipitates  from  the  solution  a  red  mass  soluble 
in  alkalis.  When  the  vapour  ofordinaiy  nitric  acid  (of  40°  Bm.)  ia  made  to  act  slowly 
upon  orcin,  the  crystals  become  ftrat  brown,  then  red,  and  ore  conTerted  into  ti  coluur- 
ing  matter  different  from  orcein.  This  rod  product  is  soluble  in  water,  alcohol  and 
ether;  dyes  silk  and  wool  red  without  the  aid  of  a  mordant ;  is  coloured  transiently 
red  by  ammonia,  permanently  by  fixed  alk&Us,  and  ia  restored  to  its  original  light  red 
colour  by  the  action  of  acids.  Its  aqueous  solution  is  precipitated  fay  common-salt,  but 
the  colouring  mutter  redissolves  in  water  after  the  salt  has  oecn  wanned  out 

3.  Orcin  heated  with  solution  of  acid  chromate  of  potoMtunt,  yieLls  a  brown  sub- 
stance whose  decomposition  is  accelerated  by  addition  of  sulphuric  acid. — 4.  Solution  of 
chioridc  of  lime  colours  oreiu  deep  violet,  the  tint  grudualty  changing  to  brown,  and 
ultimately  to  yellow. — 6.  The  aqueous  solution  of  orcin  mixed  with  c»astic  potash  or 
Boda^  quickly  attracts  oxygen  and  acquires  a  red  or  brown  colour. — 6.  Dry  ammoma 
g<u  is  absorbed  by  orcin  in  large  quantity,  but  is  given  off  again  on  exposure  to  tha 
air.  When  orcin  is  placed  under  a  bell-jar,  together  with  a  basin  containing  aqueovA 
ammonia,  it  gra<iuaUy  tnma  dark  brown,  and  is  converted  into  orcein  (p.  211). 

C'fl"0«  +   NH»  +   0«    -    C'H'MO*  +   2HK). 

7.  The  precipitate  which  orcin  forms  with  ammonio-nitraie  of  silver  is  rednced  by 
boiling,  with  formation  of  a  Hilver  speculum,  the  liquid  al  the  same  time  turning  red. — 
8.  TVi-chioride  of  g<Ad  is  reduced  by  aqucooB  orcin,  slowly  in  the  cold,  immediuldj 
when  heated,  a  dark  brown  powder  sepaniting  at  the  same  time.     (Scbunck.) 

9.  Orcin  beat«d  to  60° — 80°  with  8t.n>iig  suJphuric  acid  is  partly  converted  into 
orciu'oulphuric  acid,  C'n*S*0".  On  diluting  tbt;  resulting  black  liquid  with  water, 
saturating  with  c&rbonate  of  lead,  and  quickly  evaporating  over  the  water- bath,  a  cr)'S' 
talline  mass  is  obtained  consisting  chiefly  of  unaltered  orcin ;  and  when  this  is  r»- 
moved  by  digestion  with  ether,  a  reaidue  is  lefV,  the  hot  aqueous  solution  of  which 
saturated  with  carbouaCe  of  lead  and  filtered,  deposits  after  a  few  hours,  brownish, 
oacreoua,  rectangular  Umins,  consisting  of  basic  orcin -sulphate  of  lead,  C'H*Pb''S'0*. 
Pb"ir'0*.AH'0.  The  mother^liqaor  of  th'-ae  cryelals  yields  a  second  salt  in  nucrr>- 
scopic  pnams,  coutaiaing  2C'll'Pb''S'0\Pb-H'0«.6HK).  (Hosae,  JahrosU  1861, 
p.  701.) 

Substihition-derivatives  of  Orcin, 

Orcin  forma  substitution-derivativefl  with  chlorine,  l/romine,  and  iodine.  The  Mo- 
rinatedand  brominated  compounds  are  obtained  by  tha  direct  action  of  chlorina  and 
bromine  on  orcin,  the  iodineH»mpound(C^II'I'0')by  the  action  of  trichloride  of  iodine: 
iodine  itself  does  not  act  upon  orcin. 

Bromorola.  C^H'BrO*.  (Lamparter,  Ann.  Cb.  Pharm.  cxxxir.  268.) — Obtained 
by  addling  bromine- water  to  aqueouB  on!in,  so  loag  as  little  or  no  precipitate  is  thereby 
produced,  or  better,  by  mixing  the  two  liquids  in  quantities  containing  2  at.  bromine 
to  1  at  orcin.  The  resulting  solution  yields  by  evaporation  hard  anhydrous  riiombie 
crystals  of  bromorciD,  which  may  bo  purified  bjf  recryatallisation  &om  water. 

Bromorcin  is  moderately  soluble  in  hot,  less  soluble  in  oold  w(Uer,  extremely  sol- 
uble in  alcohol  and  ether.  Caustic  potash  dissolves  it  with  decani^Kwition  and  brown 
coloratiou.  It  melts  at  136^,  b^ins  to  sublime  below  100°,  and  decomposes  at  higher 
temperatures.  When  mixed  with  6aait  acetate  of  lead,  it  yields  a  white  predpitata, 
from  which  it  ia  separated  in  its  original  state  by  sulphydrie  acid. 

Triltromorolii.  C'H'Br'O^  Bromorceid.  (Stenhouse,  PhiL  Trans.  1948,  p.  87- 
— Laurent  and  Gerhardt,  Ann.  Ch.  Pliys.  [3J  xxiv.  317.— Lamparter,  Ann.  Ch. 
Pharm.  cxxxiv.  257.) — This  compound  is  formed,  together  with  a  brown  resin,  when 
bromine  in  excess  is  added  to  orciu  or  its  conccntrst^-d  aqueous  solutiun  (Stenhonse; 
Laurent  and  Q^erhardt);  but  by  adding  bromine-water  toanaqueooaiotntioD  of  orcin 
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the  lutme  compound  u  oblaincd,  DncontJiminatcd  with  retiui,  as  a  neaHj  ccHomUm  { 
cr}'(ittUrmo  precipitAU,  which  may  be  further  parified  by  recrytitiiUiBation  fran  w 
■pirit  (Lamparter).      It  u  al«o  prrxlaretl  by  the  ftction  of  broroine  on  0indlicaaA.| 
(Hesse,  Ann.  Ch.  Pbann.  cxvii.  297.) 

Tnbromorciii  cryHtalliees  In  fine  colourless  sOkj  needles  (Lamparter),  lb  reddi^ 
white  pHsniB  (Eesse).  It  melta  at  103^  (Lamparter);  at  98°  (Hesse).  ItisiiMul- 
vble  in  iMtfr,  vniy  soluble  in  alcohni  and  ether.  It  dpoompoeos  at  hi^h  tempentazci^  I 
giving  off  hydrobromie  add,  and  yielding  ao  oily  distillate  which  solidifiea  on  oioti^^ 
together  with  a  copious  residue  of  charcML  PotaaX  poured  noon  tribromordn  cajIoui 
it  deep  riolet-brown,  and  on  diluting  with  water,  the  whole  olssolTes  with  farowniib- 
red  coloor.  Ammonia  does  not  produce  tiiie  coloration.  Acids  deotroy  the  eoloor  of  j 
the  potaifric  solution.  r 

Tribromorein  treated  with  br<fmine  yields  an  easily  fusible  resiuous  man  haTiog  a  1 
exti^emely  disagreeable  pungent  odour,  and  probably  identical  with  tiie  resznons  body  | 
oblnined  by  Steohonse,  and  by  Laurent  and  Qerhardt  in  the  preparation  of  tnbc»>  | 
morcin.     1  at  ordn  treated  with  A  at.  bromine  also  yields  a  black  resiiioua  ^atm, 
(Lamparter.) 

TrioblorordB.  C'H*C1'0'.  Chimvrceid  (Schunck.  Ann.  Ch.  Pharm.  lir.  271 
— Stenhonse.  Phil.  Trans.  1848,  p.  88.— DeLuynes,  Ann.  Ch.  Phurm.  cxxx.  34).— 
Stenhouse  and  Schunck,  by  treating  orcin  with  chlorine  gas,  obtained  s  cxT^talliiw 
chlorinated  compound  contaminated  with  a  dark  brown  remn,  somewhat  difficult  le 
separate ;  the  crystalline  product  was  not  analysed.  Be  Luynes,  by  treating  orcin  with 
hydrochlorie  acid  and  chlurut«  of  potassium,  obtains  a  product  having  the  piune  physical 
properties,  uacontatuinated  with  rt'sin,  and  exhibiting  by  aualynis  the  compueition  of  tri- 
,  chlororcin.  It  is  soluble  in  boiling  watrr,  and  in  alatfud,  from  which  it  crysfallisrs 
in  colouriess  needles  ;  melts  at  about  169°  ;  volatilises  partisUy  without  decompositioo;  , 
diraulvoB  in  aiktUia ;  does  not  precipitate  on  alcoholic  solution  of  silver-nitrate.  i 

Trl-lodoreln.  C^H'PO'  (Stenhouse.  Chem.  Soc  J.  xvil  327).— Prod ueod  ty  ' 
the  action  of  trichloride  of  iodine  on  aqueous  orcin.  The  trichloride  is  added  to  tb« 
dilute  aqueuua  solution  in  quantity  not  quite  sufficient  to  precipitate  tho  whole  of  Um 
ordn ;  the  brownish-yellow  adhesive  moss  which  collects  at  the  bottom  is  washed  with  | 
water,  dried,  and  dissolved  in  sulphide  of  carbon  ;  and  the  solution  is  filtered  to  aepcnta 
a  dark  brown  rcmnous  substance;  tho  greater  part  of  tho  sulphide  of  carbon  is  then 
removed  by  distiUation,  and  the  crystals  obtained  on  the  cooling  of  the  solution  sre 
druined  &om  the  dark  mother- liquor,  washed  with  a  small  qoantity  of  cold  sulphide 
of  carbon,  pressed  between  bibulous  paper,  and  twice  rocrystalhsed  from  boiiiag 
■pirit. 

Tri-iodorcin  thus  ob(&ini?d  crjslalliaca  in  large   transparent,  brittle  pUteA,  tinged 

with  brown,  and  somewhat  rt«embling  chloride  of  barium.     They  are  very  aolnble  in 

.  sulphide  of  carbon,  still  raoro  so  in  ether,  moderately  soluble  in  alcohol,  lUfiolnble  in 

t  water.      Heated  to   100°  they  gradually  become  brown.      They  dissolve  in  caostie 

xolkalis,  decomposing,  however,  iind  forraingr  deep  brown  solutions.      Stwvng  nttric  aeid 

['•decomposes  them,  slowly  in  tbe  cold,  rapidly  on  heating,  with  orolution  of  nitrooi 

fbmes  and  iodine  vapour.     Sulphuric  add  docs  not  act  upon  them  in  the  cold,  but  OQ 

the  application  of  heat  the  crystals  char  and  give  off  vapour  of  iodine. 

Compounds  homohgons  with  Ordn. 

Beta-oroln.  C^'"0'?  (Stenhouse,  Phil.  Mag.  [3]  xxxiii.  300;  Ann.  Cb.  Phara. 
li  vtii.  1  ('4 ). — This  compound  is  produced  from  usnic  acid,  by  the  act  ion  of  heat  or  by  boiling 
with  raastie  alkalis  or  aLkiUine  earths.  Uscic  acid  subEoittod  to  dry  di»>tillation  yiflds 
a  Kulilimale  together  with  iin  empyrpumnlic  liquid  rmd  a  large  carl>onaccous  ruaidue. 
On  treating  tho  entire  distillate  with  water  and  evaporating  to  a  symp,  the  residn^ 
dcj^'oeita  after  some  days  brown  crystals  of /8-orcin,  which  may  bo  purified  by  treatment 
with  aniiual  rluircoal,  and  rppeated  crystal lisatiou  from  wt-ak  spirit.  The  treatment  of 
ueinic  acid  with  iUkalis  is  a  less  adrantogeous  mode  of  prt^parutiun,  as  a  considerable 
portion  of  the  product  is  then  converted  into  resiu. 

Bela-orcin  forma  shining  cryatols  belonging  to  the  dimctric  system,  and  often  of 
considemble  size.      Obnerved  combination    odP  .  P  .  |P  .  ol*  .  ccPoo  .  Poo.      Angle 

!P:oP  =  130O  57';  P:oP  =  113°  27':  Poo  :  oP  *  120'=' 31*:  P  :  ooP  -  156°  33'; 
P:  (xP  «  139°  3';  Poo  :  a>Poo  =  148°  29'.  No  percpplible  cleavage  {Miller). 
t  is  moderately  soluble  in  cold  watrr,  bat  les«  so  than  onriu,  easily  soluble  in  boiling 
water,  also  in  alcohnt  and  in  Hhfr.  It  has  a  Blightly  saccharine  taate,  and  is  neutral 
to  reagents.  It  sublimes  unaltered,  easily  takea  fire  and  bums  with  a  smoky 
flame. 

Dried  in  vacuo,  it  gave  by  analysis  68*84 — 6920  per  cent.  Ciirbon,  and  7'22 — 7"60 
hydrogen,  whence  .Stouhoupo  deduced  the  formula  C'MPHP,  rrquvin^  fiSfiS  C.  7'22  H. 
»ud  'Alio  0.     Oerhardt  {TraiU^  iii.  321)  proposed  the  formula  C*H"'0»  (requiring 
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69-56  C,  7'24  H,  and  2320  0),  ftccording  to  which  the  oompoond  is  homologotu  with 
omn,  &od  meUimeric  with  aniiiic  aloohoL  Strecker(ADn.  Ch.  Ph&rm.  Uviii.  114) 
had  previoufilj  guggMted  the  formula  2C"H»»0».3HH)  (requirinff  687  C,  iind  7-1  U\ 
according  to  which,  it«  formatioa  from  usnic  acid  (sappoffing  the  Tatter  to  b«  C'*II'*0') 
would  be  reproBonted  by  the  equation  :  C"H'*0'  -  C"H'*0"  +  2C0*. 

Tb«  crystals  of  fl-orcin  do  not  low  anything  in  a  vacuum  oror  oil  of  vitriol ;  but 
when  heated  over  the  wat^r-bath,  they  give  off  A  considorablo  quantity  of  watflr.  Thoy 
do  not  melt  at  109°. 

BptA-orcin  treated  with  ammonia  ftcqntres  a  splendid  red  colour  in  a  f^w  minutos, 
the  effect  taking  place  much  more  quickly  than  with  orcin.  With  solution  of  h/draU 
or  carbonate  of  potassium,  it  forma  a  sul»tance  of  a  &ne  purple  colour.  Solution  of 
chloride  oflivie  colours  it  blood-red,  not  violet  like  orcin. 

Th«  alcoholic  solution  of  3-orcin  does  not  predpititte  silver-nitrate,  either  pore  or 
mixed  with  ummoma,  nor  the  ealta  of  barium,  lead,  iron,  or  copper.  It  does  not 
predpit&to  neutral  ac(*tiite  of  lead,  but  with  the  basic  aceCair,  it  form§  a  copious 
precipitate  which  ia  soluble  in  excess  of  the  lead-solutiun,  and  quickly  acquires  a  deep 
red  colour  oa  exposure  to  the  air, 

3.  Seu>rol&.  C*H"0'  (Hlasiwets  and  Barth,  Ann.  Ch.  Pharm.  cxxx.  354).— A 
compound,  isomeric  with  p^TOcatechin  and  hydroquinone,  produced  by  the  action  of 
melUng  potash  on  galbanum.  To  prepare  it,  the  rrJiin,  freed  by  alcohol  &om  ita 
gummy  constituenta,  ia  fn^ted  with  21  to  3  pto.  hydrate  of  potassium  till  the  mass 
D«comea  homogeneous.  Water  is  then  added,  the  liquid  acidulated  with  Btilphurio 
acid,  and  filtered  when  cold;  the  filtrate  shaken  two  or  three  times  with  ether;  tbe 
etheral  solution  distilled;  and  the  rejiidue,  after  being  evaporated  to  a  certain  extent 
over  the  water-bath,  \a  introduced  into  a  retort  and  distilled  over  an  open  fire.  The 
first  pnrtion  of  the  distillate  is  watnrv  and  cnntaius  volfttile  acids;  but  afterwards  an 
oily  liquid  passes  over  which  soon  Bolidifies  in  radiating  crystals.  The  product  may 
be  ft«ed  ftx)m  adhering  volatile  acids  by  dissolving  it  in  a  small  quantity  of  warm 
water,  supersaturating  widi  batyta-water,  uid  again  agitating  with  ether.  On  remov- 
ing the  ether  by  dititillaKon,  there  remains  a  syrupy  residue  which  soon  crystallisea 
and  may  be  further  purified  by  redietillation.  The  treatment  with  baryta  may  be  dis- 
pensed with  by  repeatedly  diKtiUing  with  the  thermometer,  and  collecting  only  those 
portions  whitih  pafw  over  between  269*^  and  272**. 

BesomR  is  very  soluble  in  waUr^  alcohol,  and  ether,  insoluble  in  sulphide  of  carbon, 
and  in  cbluroform.  It  crvstallisee  only  from  veiy  concentrated  solutiuufi,  in  tabular 
crystalfl  or  short  thick  prisms  belonging,  like  orcin,  to  the  trimetric  system.  When 
recently  prepared  it  is  quite  colourliigs,  but  acquires  a  faint  reddish  tint  by  keeping  or 
by  exposure  to  the  air.  It  melta  at  99",  and  bc^ns  to  volatilise  at  a  slightly  higher 
tempenmire-  boils  at  271'',  and  distils  almost  without  residue;  bums  with  a  bnghfi 
fiame.  It  has  a  neutral  reaction  and  e  ntrong  unpleasant^  sweet,  and  somewhat 
irritating  taste.  It  gives  by  analysis  651  and  Boo  per  cent,  carbon  and  6"7  hydrt^n, 
the  formula  requiring  655  C  and  66  H.  Vapour-den-siiy,  obs.  =  4'1;  calc.  =  3'8^the 
residue  in  the  globe  was  dork  brown,  the  substance  having  been  partly  decomposoa  by 
the  high  temperature  required). 

The  aqueous  solution  ibrms  with  ferric  chloride  a  dark  violet-coloured  liquid,  which 
on  addition  of  ammonia  deposits  ferric  oxide  and  becomes  colourless.  Chloride  of 
lime  produces  a  violet  colour  not  very  permanent.  The  solution  mii«*d  with  ammonia 
and  exposed  to  the  air,  becomes  mse'red,  aftt^rwards  dnrker,  and  ultimately  brownish. 
The  ammoniacal  solution,  eva|>orated  at  a  gentle  heat,  dries  up  to  a  dork  bluo  mass, 
which  redissolves  ia  wuter  with  bluo  cobur,  and  is  reddened  by  adds.  Resorcin  re- 
dncee  nitrate  of  silver  at  tha  boiling  heat,  on  addition  of  ammonia.  Heated  with  an 
alkaline  cupric  solution,  it  throws  duwu  cuprous  oxide. 

Tribr&mo-resorcin,  C*H*Br*0\  ia  precipitated  on  adding  bromine-water  to  an 
aqnoous  solution  of  reaorciu,  in  sm^^  bulky,  interlaced  needles,  sparingly  soluble 
in  cold  water,  more  easily  in  boiling  water,  also  in  alcohol 

OSBXiZiZir.  A  yellow  colouring  matter  containedt  together  with  bixin  (i.  600), 
in  unnotto.  It  is  soluble  in  water  and  in  alcohol^  slightly  soluble  in  ether^  and  dyes 
alumed  guods  yellow.     (ChevreuL) 

OKBOSEIiZV.  C'H'O^ — A  aubatunce  isomeric  with  benzoic  acid,  obtained :  I.  By 
treating  hydroehlorate  of  athamandn  with  boiling  water ;  sometimes,  however,  this 
process  yields  oreoaeloue  (Schnedermann  and  Winckler,  Ann*  Oh.  Pharm.  li. 
315). — 2.  By  the  action  of  alcoholic  potash  on  peucedanin  (Wagner,  J,  pr.  Chem. 
IxiL  276) : 

C"H"»0"  +   KHO     -     C'H*0'   +   C*H'KO», 
FeucvUnin.  OreotelUL        AnieUte  of 

pocwtlum. 
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It  crystallisrfl  in  flno  tnWiy  nc^dlr?,  nlightlj  soluble  in  cold  wal^r,  Trry  •olobU  it 
alcohol  and  ether,  also  with  yi-llow  coloar  in  dilate  potuh;  less  eaiiily  ia  ammrtM,  th> 
Bolution  yielding  a  yellow  precipitAte  with  acetat«  of  lead. 

ORSOasXOWK.    CH^'O'.— This  body,  the  anhydride  of  oraovelin  (2(7H*0*  - 
HH)   =   C"U'*OM,  16  produced  by  the  deoompoution  of  athamantin  (Schae  deca 
and  Wincklor,  loo*  eit.); 

AtbanuiUB.  OnoteliHM.         Valerianic 


To  pTCiMn  it,  hydrocbloric  add  gas  is  passed  orpr  dry  athamantin  tOl  complete  1 
fiKtiOD  takes  place ;  the  maai  is  heated  Lo  expel  valerianic  acid  ;  and  the  amori 
poroQS  mass  obtained  on  cooling  is  porified  by  erystalliaation  frona  boUing  aleohol,  it" 
iriiich,  howerer,  it  is  bnt  slightly  soluble. 

Oreoaelone  crystallises  in  nodules  or  cauliflower-like  masaea  composed  of  flue  nesiQa 
grouped  concentrically.  It  ia  tasteless  and  inodorous^  inaolnble  in  water;  alkalbdif- 
soIto  itf  forming  red  Bolutions  from  which  acids  precipitate  it  alig;hUy  modified.  It 
melU  at  100°  tu  u  clear  liquid,  which  carboniaea  at  a  higher  tempemtiLrei. 

eUOAMXC  AJTAXtTSXA.     See  AxuTSXS,  OuoAxic  (i.  225). 

OBOAVXC  CRBAnBTST.     The  ptHniliar  character  of  the  chevniesil  l.mil|aiirii 

formed  in  tho  bmlieti  (^f  planM  and  unimaU,  and  the  fuilnre  of  the  earlier  attaa^ 
to  produce  them  by  artificial  means,  led  to  the  ern^neona  idea  that  tbc^ir  foRBaiHi 
was  dae  to  a  mysterious  power  called  "  vital  force,"  supposed  to  reside  in  the  Unif 
organism,  and  tu  govern  all  the  changes  and  proceaaea  taking  place  within  it  la  w- 
oordauce  with  tbia  idea,  the  ^lemiatry  of  organic  compoooda,  including  those  which 
were  formed  by  artificial  processes  from  the  products  of  vegetable  and  animal  life,  VM 
erected  into  a  special  branch  of  chemical  science. 

Later  rcecarcnea  have  however  shown  that  a  large  nnmber  of  cornpoonda,  Ibnacrif 
regarded  as  producible  only  under  the  influence  of  the  ao-called  vital  force,  may  ht 
formed  either  by  direct  combinatioD  of  their  elemeota,  or  by  chemical  transfomiatitio 
of  inorganic  oompoonda. 

The  first  step  in  the  formation  of  organic  compounds  from  their  plementa,  was  made  by 
Wobler,  who  showed  in  1 828  that  urea  can  be  produced  bv  molecular  tranafonaatkui  cf 
eyanateof  nromoninm.  This  fixperiment,  viewed  in  co^jnnctinn  with  the  fact  aubseqaentlr 
estubliahedbyFownosin  1841,  that  cyanogen  can  be  formed  by  direct  combinatioDufiu 
elements  (ii.  198),  is  conclusive  of  the  posHibiiity  of  forming  a  product  of  the  living  oigaaisa 
from  ino^unic  materials.  At  the  time  of  Wuhlnr's  discovery,  however,  cyanogco  had 
not  been  obtained,  excepting  frY>m  anbatancea  originally  deri  vod  from  the  vegetable  or 
animal  organiam,  and  accordingly  the  idea  of  the  peculiar  nature  of  orgmiic  compoaadi^ 
aa  eaaentialiy  products  of  life,  stiU  maintained  its  gronnd  Even  in  the  first  YolmDe  ot 
Omelin'a  Organic  Chemistry  (published  in  1848)  we  find  it  stated  that  "the  bodiaao^ 
the  organic  kingdom  are  dutingnishtxl  from  those  uf  the  inoi^anic  kingdom  by  their 
inherent  vital  force,"  althou£:h  in  the  coorao  of  the  same  volume,  several  inatanon  sz« 
mentioned  of  the  formation  of  oi^anic  compounds  from  inorganic  materials,  vix. : — 1.  Th« 
formatioD  of  cyant^en,  as  above  mf>ntionBd,  by  paitsing  nitrogen  gas  over  a  mixtare  of 
charcoal  and  potAsflic!  carbonate;  also  that  of  cyanide  of  ammunium  by  heating  a  mix- 
ture of  sal-ammoniac,  plumbafto  and  lime  or  oxide  of  lead  ; — 2.  The  formation  of  oily 
and  mould-like  compounds  by  the  action  of  ucida  on  cnrburelted  iron  ; — 3.  The  fbnna- 
tion  of  the  acid  CH(J1'S0>  from  thr^  compound  CCl'SO*  (itaelf  produced  by  the  actiaa 
of  chlorine  and  water  on  sulphide  of  carbon,  i.  776),  and  its  convendon  into  CH^SO* 
by  the  action  of  reducing  agenta.— 4.  The  formation  of  tetrachloride  of  carbon,  CQ', 
by  the  action  of  ehlonne  on  disnlphide  of  carbon ;  the  convt'rsion  of  the  tetrachloride 
into  the  dichloride.  (PCl\  by  paaaing  it  through  a  n»d-hot  tube  ;  the  formation  of  tri- 
ehloracetac  add  (i.  877)  from  the  last-meuticned  coTn[K)und.  by  the  action  of  chlorui« 
sod  water  in  sunshine ;  and  the  conventiuu  of  the  tri(_4iloracetic  into  acetic  acid,  by  the 
action  of  reducing  agents.— 5.  The  furmution  of  milpho<!yiinate  of  ammoniam  by  tb« 
action  of  ammonia  on  sulphide  of  carbon. — 0.  The  formation  of  rhodizonic,  croconie 
and  oxalic  acids,  together  with  mould-lilc*  HubstAncea.  in  the  ordinary  procen  of 
preparing  potasainm.  Qmaliu  obsdrvitH,  h<jw««ir*L>r,  that  on  the  whole  it  appears  that  onl^ 
the  lower  order  of  organic  compounds,  namely  tboee  which  contain  but  few  atoms  of 
carbon,  can  be  formed  artificially  from  inorganic  materials,  excepting  perhaps  tks 
iRontd-like  iiubstances  ;  and  he  further  expresses  a  doubt  whether  all  carbon  eompomidi^ 
even  solphide  of  carbon,  carbonic  oxide  and  carbonic  acid,  ought  not  to  be  regarded  ai 
organic 

The  question  of  the  formation  of  organic  compounds  from  their  elements  has  howttvar 
been  ("orapiptely  set  at  reat  by  the  classie  researvhes  of  BerLhelot,  who  showed  in 
1856  that  fonnato  of  potassium  is  produced  by  the  dirtx:t  union  of  curbouic  oxide 
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with  hydrate  of  potaseiatn  (Hi.  683),  and  snbeeqaentljr  that  ftcetylene  may  be  formed 
bjr  the  direct  combinatioD  uf  carbon  with  hrdrogen,  and  that  manh-gOB,  ethjlene,  and 
vereraJ  of  its  homologues  maj  likewise  be  formed  from  ioorgamc  mntenalfl  (see 
HrDKOCXkBoxB,  ill.  188).  Tliette  hydroe&rboiu  may  be  eonTert4>d  into  alcohols,  e.  g. 
marsh-gnd  iato  methylic  alcohol  (iii.  988),  and  ethylene  into  ethylic  alcohol  (i.  72);  and 
ttam.  the  alcohols,  by  well-known  piooenea,  a  large  number  of  other  oompounda  may  be 
obtained,  namely  aldehydes,  acids,  acetoaea,  ethen.  amioea,  ornuio-meiallic  bodies,  &c. 

Anoth«>r  kind  of  chemical  transformation,  formerly  snpposea  to  be  pecoiiarly  a  func- 
tiun  uf  the  liriug  organism,  la  the  formation  of  ct>m|^)Ound^  cuDlaiDiiig  a  greater  uumber 
of  earlMjn-atoms  from  othera  ronlaining  a  smaller  number.  In  the  earlier  days  of  organic 
ehemiatry^  indeed,  th(^  principal  agent  of  transformatinn  known  was  oxidation,  by  which 
&a  organic  body  is  for  the  most  part  lowered  in  the  scale,  its  carbon  and  hydrogen 
being  gradually  burnt  avay,  until  at  length  the  whole  is  resolved  into  carbonio  anhydnde 
And  water,  together  with  ammonia  if  nitrogt^Q  is  also  present  The  possibility  of  effecting 
the  opposite  kind  of  imnsformAtioa,  of  building  up  organic  compounds  from  others  lower 
inthcscale — that  iscontainingaitmaUernarDberof  atoms  of  carbon  or  hydrogen,  or  both— - 
has  however  been  demoiiHtrat4.-d  in  a  great  number  of  instaDces.  Thasitha8l>eeD  known 
for  some  years  that  naphthalone,  C"H*,may  be  furmedby  passing  the  vapoor  of  alcohol 
or  el  her,  or  the  vtipoors  ovolvt-d  by  tho  dry  distillatiun  of  bonzoatc  of  calcium,  through  a 
red-hot  tube.  Other  instances  of  the  building  up  of  ofganic  compounds  from  others  of 
lower  order  are  the  production  of  potassic  oxalate  from  the  formate,  by  heating  with 
jHitash-lime  (2CHK0'  =  C-'K'O*  +  H^) ;  the  formation  of  decatylene,  C»H",  and 
utiuy  other  of  tho  higher  olellnea  by  diatilliiig  amylic  alcohol,  C*H"0,  with  phosphoric 
anhydride  or  chloride  of  zinc;  the  eonveraoa  of  urea  by  heat  into  cyanunc  acid;  of 
Bulphobenxene,  C'H'*S,  by  dry  distillation  into  stiltx^ne,  C'*H '^  &a  h<L  (see  Ontiltn'a 
Handbook^  vii.  43).  Of  far  grt-ater  importance,  however,  than  these  iauhited  instances 
of  the  accumulation  of  carbon-atoms  by  artificrial  meons^  are  the  general  mt-thmls  which 
biivo  been  discovered  of  building  up  the  terms  of  homologous  series — ^speciaDy  that 
discovered  by  MendiuH,  namely  the  conversion  of  the  cyanide  of  an  alcohol -radicle 
into  the  amine  of  the  radicle  next  higher  in  the  aeriea,  c  y,  cyanide  of  hydrogen  into 
xnethykmine,  cyanide  of  methyi  into  ethylamine,  ^.  (see  HoMOLoooud  SuBaxAiccES, 
iii.  Ifi4). 

Since  then  the  simpler  organic  oorapounda  can  be  formed  from  inorganic  materials, 
and  from  these  a  large  number  of  the  more  complex  compounds  can  be  synthetically 
produced,  it  seems  not  improbable  that  all  tho  proximate  principles  of  thiP'  vegetable 
and  animal  oraanisms  will  ultimately  be  formed  from  their  elements  by  arti6ciid  means. 
The  notion  of  orgfuiic  compoands  as  constituting  a  class  estjeiitiiiUy  distinct  from 
inorganic  or  mineral  componnds  in  their  formation  and  constitution,  must  therefore  be 
abandoned.  Still  the  marked  peculiarities  of  character  by  which  bodies  of  vegetable 
and  animal  origin,  and  those  formed  from  them,  are  for  the  most  part  di.i tinguished  from 
thoee  of  purely  mineral  origin,  eanecially  their  more  complex  constitution  and  ready 
decompoeibility,  as  exhibited  in  their  behaviour  when  heated,  and  by  the  phenomena 
of  fermentation  and  putrefaction,  have  led  to  various  attempts  to  detlne  organic  com- 
poanda  in  a  more  satisfactory  manner.  Thus  Liobig  formerly  defined  Organic 
Chemistry  as  the  '*  Chemistry  of  Compound  Kadicies."  Such  a  definition,  however, 
cannot  be  maintained  at  the  present  day,  when  almost  evei^  class  of  salts,  of  mineral 
as  well  as  of  organic  origin,  is  suppoeed  to  contain  a  compound  radicle,  e.ff.  NO*  in  the 
nitratea,  30*  in  the  BuJpbutes,  &a  Gmelin  in  his  "  Handbook "  defines  organic 
chemistry  as  the  "  Chemistry  of  carbon-compounds  containing  more  than  I  atom  of 
carbon  "  (C  =  fiJ.  This  definition  f^xcludes  the  simple  carbon-compounds,  CO,  CO',  CS*, 
which  are  usually  regarded  aa  inorganic.  It  is  impossible,  however,  to  draw  any  pre- 
dae  line  of  decotrcation,  with  regard  to  properties  and  mode  of  formation,  between 
these  bodiM  and  others,  such  aa  acetylene  and  manth-gas,  which  this  definition  would 
iDclade  among  organic  compounds:  indeed  Omelin  himself,  as  already  observed, 
Buggests  the  propriety  of  considering  all  compounds  contjiining  caxbon  as  organic 
Such  is  in  fact  the  conclusion  at  which  we  must  ultimately  arrive  respecting  the 
meaning  of  the  term  Organic  Chemistry,  namely  that  it  signifies  the  Chemistrv 
of  Carbon-compounds :  and  in  this  senso  it  is  used  by  Gt-Hiurdt  in  his  JVaiU  ae 
Chemir  organiqw,  and  hy  Kekuld  in  his  Lrhrbwh  dtr  Orqanmhtn  Chcmif. 

The  study  of  the  chemical  processes  which  take  pUce  in  thu  bwlies  of  living  plants 
and  animals,  and  of  the  corapoaittun  and  properties  of  the  cumpkix  fluids  and  organs 
of  thofte  bodies.,  is  the  province  of  Physiological  Chemistry,  abranchofthe 
ficienoe  which  bears  the  same  relation  to  organic  chemistry,  or  the  chemistry  of  carbon- 
compounds,  tbuL  ichumical  gWogy  bears  to  mineral  chemistry. 

OKOJUrO-BSXTAXliIG  BODXZS.  This  term  is  applied  to  a  numerous  class 
of  compoonds  in  which  an  organic  radicle  such  as  ethyl  is  directly  combined  with  a 
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niftol,  snd  Berres  to  diBtingoish  them  firom  other  orgtnic  oompooiids  eoDUizuoij 
metals,  bat  in  which  the  metaJ  is  indirtcUy  united  or  linked,  u  it  irere,  to  the  meUl 
by  diatomic  oxjgcn.  AJtbongb  oxgano-metaUic  bodies,  contftitnted  aeoording  to  tiail 
dffinitioo,  &re,  with  one  exception,  the  creation  of  the  laat  sixteen  jecus,  j«t  thor 
derimtives  have  bcf>u  known  for  a  much  longer  period.  From  the  time  that  is 
orgHDie  add  waa  first  united  with  a  metallic  baae,  these  organic  compounds  eoirtaimn; 
RtcUdtf  indircctlj  united  date  their  cjEtfltonco.  It  ia  tmt.'  thut  these  deriTatirae  har% 
not  been  regazded  from  this  point  of  view;  but  a  little  considerntion  will  serre  toaho« 
that  they  staod  in  the  same  ruUtioD  bo  organo^metallic  bodies  in  the  Ft^ct  sense  of  tLe  , 
term,  as  the  ethera,  alcohols,  aciils,  and  uumerotis  other  organic  £amilies  occopy  with 
regard  to  the  alcuhol-nidicles  from  which  thcv  are  deriTcd.  Thus  the  oiyno-miitallisj 
compound  zioc-ethyl  yields  by  oxidation  ethylato  of  sine ; — 


2a*o. 


^  }C'H»     +     O'         "        2n  \Qi^^» 
Zincvthyl.  EtbyUtc  of  line. 

A  body  which,  althoagb  unknown  nntil  formed  by  this  roaction,  has  undoubted  and 
wflll-lmown  analognna  in  the  ethylutes  of  potaaiiom  and  sodium. 

By  suitable  procceeee  of  ozidalioa,  ethylate  of  sine  may  be  convertud  into  ac<tits  til 
sine. 

„  -  J  OC«H-     ^     ^.  „  .  5  OC^UH) 

^°  JOC'H*     ■*"     "  -        i&n  J0C3H.Q 

BthyUtfof  stoo.  AceUt«  o(  itoc. 

The  ethjl-compounds  of  potassium  and  sodiom  also  pass  through  analogous  phasM 
of  oxidation. 

Again  potaasiara-ethyl  and  aodium-ethyl,  under  the  influence  of  carbonic  acid,  yim 
the  propionates  of  potassium  and  sodium : 

KC*H*     +     C0»        -        KOC"H»0. 

FotaHium-«th]rl,  PrapUmttc  of  patuiliiiB. 

The  same  reeult  may  also  probably  be  reached  bv  two  distinct  stages,  via.,  fii«t  by 
the  cooversion  of  potassium-ethyl  and  sodium-rthyl  into  the  etbylatea  of  potassium  and 
sodium: 

KC»H»     +     0         =         KOCH* 

FoLuiium-  Btiiylaie  of 

etbjrL  poU«*iuaL 

and  secondly  by  the  action  of  carbonic  oxide  npon  these  bodies, 
KOCH*     +    CO      »      K0C"H''O. 

Bthylaln  of  Propionate  of 

potAiilum.  pouulum. 

The  second  stage  of  this  conversion  has  not  yet  been  experimentally  realised,  bat 
Berthelut's  production  of  formate  of  potassium  from  carbonic  oxide  and  hydrate  of 
potassium  exbibita  k  homologous  reaction. 

These  examples  serve  to  point  out  the  reliitions  existing  between  organo-metaUie 
bodies  in  the  usual  acceptatioD  of  the  term,  and  that  fur  more  numnrous  claas  of  deri- 
Tativc-s  to  which  the  samA  txnme  might  without  impropriety  be  applied ;  but  it  is 
sciircrly  necessary  to  remark  that  the  present  article  will  be  confined  to  the  considen- 
tion  of  organo-metallic  bodies  iu  the  usual  and  more  restricted  sense  of  the  term. 

FoiuixTioic  or  OnoAXo-icxTaixic  Booibs. 

Organo-metallic  bodies  can  be  produced  by  a  great  variety  of  processes ;  but  tbeae 
nameroufl  methods  of  formation,  with  very  few  exceptions,  admit  of  being  groaped 
uader  four  hoadfl. 

1.  Formation  by  vnion  of  Che  Organic  UadicU  in  statu  naacenti  with  the  vuial,  or  by 
the  coalescence  of  the  latter  with  the  iodide  of  the  Or^anie  Radicle. 

By  this  method,  the  organie  radicle  is  almost  invariably  presented  to  the  metal  in  the 
form  of  iodide, — a  state  of  combination  PurpaseiDg  all  othen  in  the  facility  with  which 
the  two  components  separate  under  the  influence  of  chemical  affluity.  The  metal, 
made  to  pr^^j^t'ct  as  lui^i^  a  surface  as  possible  by  granulation  or  otherwise,  iit  placed 
in  contact  with  tho  or^uic  iodide  anil  hoatied  in  a  close  ve^cl  of  adequate  otrecgih  to 
resist  the  pressure  of  the  vapours  and  gases  generated. 

For  a  figure  and  deecripLion  of  the  apparatus  see  Bath  (I  521). 

!□  some  esses  the  agency  of  light  may  be  advantageously  employed  to  replace  thai  of 
hr*nt  as  in  the  formation  of  organo-tin  compoands,  whilst  in  the  case  of  mercurial  com- 
pounds,  solar  radiation  is  almost  essentially  necessary.  Where  light  is  employed,  the 
mat4;rials  areeodosed  in  glass  vessels  which  are  thou  exposed  either  to  diffuse  duy  light, 


ORGANOMETALLIC  BODIES. 


219 


Brect  sunlight,  or  to  the  solar  rayn  roruwntrat^  by  &  pftrabolic  re6tfctoP.  In  th«  latt«r 
e'  the  vessel  m&j  be  sorronuded  by  water  or  by  »  Bolutioa  of  sulphate  of  copp«r  to 
lorb  the  calorific  rays. 

The  organic  compouada  of  eIdc,  cadmium,  magnMiam,  alturinium  and  glncinum 
)  produced  by  the  thermal  process,  thone  of  tin  may  be  formed  either  by  the  thermal 
by  the  light  process,  whiUt  the  orffano-compoands  of  mercnxy  can  only  be  generated 
toe  clans  of  procesd  now  undf^r  diacoBsion  by  luminiferoaa  agencv.  The  Ih^i^M 
FSK^thod  of  pmnpnure  is  well  illaatmtAd  in  the  preparation  of  tinefihyL 

The  reaction  which  occora  on  healing  unc  ana  iodide  of  ethyl  ia  nanally  expressed 
by  the  foUuving  equation : 


I 


2Zn- 


Zn" 


Zn' 


I!- 


lodtcU  of  eih]F],  Zinc-ethrl. 

The  actual  chemical  changes  occurring  in  the  formation  of  sincethyl  are,  howerer,  by 
DO  meaiu  so  sLjnple.  This  body  is  found  in  a  free  state,  in  very  small  qnniitity  only, 
amongst  the  products  of  the  reaction  of  zino  upon  iodide  of  ethyl,  but  there  exinta 
amongst  tho««  products  a  crystalline  body  which  contains  sine,  ethyl,  and  iodine,  and 
may  be  regarded  as  formed  according  to  the  equation  : 

CH'I     +     Zn         -         Zo7CH»)I. 
Iodide  of  BtbiodVle  orsiac. 

etbyl. 

This  compound  is  decomposed  at  about  150°  yielding  iodide  of  xinc  and  sine- 
ethyl: 

2Zn"(C'ir)I  -         Zn**(C»H')«     ■*•     Znl*. 

EthloMMde  of  line  ZlncMhjrl. 

Contemporaneously  with  the  first  of  the  abore  reactions,  there  occurothnrs  in  which 
ethyl,  byJridtf  of  ethyl,  iiud  ethylene  are  produced.  The  seiiarHtioii  of  ethyl  iu  this 
reaction  is  doubtless  due  to  the  direct  action  of  tine  upon  iodide  of  ethyl : 

2(C*H»)I     +     Zn         -         ((?H»)'     i-     ZnT 

Iodide  or  cLhyl.  EthjrL 

whilst  the  appearance  of  the  secondary  products,  ethylene  and  faydrido  of  ethyl,  results 
from  the  action  of  the  ethiodide  of  sine  upon  iodide  of  ethyl : 

Zn''(CH»)I     +     C»H»I         «         C«H».H     +     C»H«     +     ZnT- 
Ethtodldeof  lodidoof  Hydride  of         EthjrteDc. 

■Itic  etbfl.  etbyl. 

Notwithstanding,  however,  the  intermediate  formation  of  ethiodide  of  sine,  in  tha 
manner  abore  indicated,  the  final  result  of  the  reaction  is  correctly  expressed  in  tha 
flmt  of  the  above  equations. 

The  reactions  by  which  ethyl,  hydride  of  ethyl,  and  ethylene  are  produced  can  be 
almost  completely  avoid(*d  by  the  admixture  of  an  equal  volume  of  anhydrous  ether 
with  the  ioaide  of  ethyl     The  yield  of  lancethyl  is  thun  proportionately  increAsed. 

Zinc-methyl  and  nnc-cmyl  may  be  also  thus  produceo,  but  they  are  obtained  in  a 
state  of  purity  with  extreme  difficulty,  and  aro  therefore  more  advantageously  prepared 
according  to  the  fourth  method  of  formation.  No  att«^mpt  has  yet  been  made  to  form 
the  corresponding  compounds  of  the  remaining  ulcobol-radicles. 

Organo-compounda  nf  'Fin. — Although  these  bodies  can  be  obtained  by  other  pro- 
cesses,  the  g'*"'''^  method  we  are  now  considering  is  doubtless  the  most  conTeaient 
mode  of  producing  moat  uf  them.  Tin  ia  capnble  of  forming  three  distinct  cliisses  of 
binary  inorganic  compoonds  which  may  be  represented  by  the  following  general  Ibr- 
muke :  < 

SB-jl  2(8n"{R)  8...JI 

This  threefold  atomic  character  of  the  motal  renders  the  result  of  its  action  upon  the 
iodides  of  the  alcohol-radicles  considerably  less  simple  than  that  of  zinc  Without 
taking  into  account  compounds  to  which  a  still  more  cumplt^x  constitution  has  been 
asfliK^od,  the  existence  of  the  following  aerioa  of  oi^ano- metallic  bodies  cotitainiug  tin 
baa  been  established :  * 

Ut  Serlei.  tad  Seriei.  Srd  8cHa 

»  luthM^ronnuhrft-f  repT»niUji(H»ftlveontMUc  TMlicle. and  R- aorgaUve  radicle:  no  Degattf • 
•TsaJDlc  radic  0  u  luch,  hu  jot  lH<«n  iQlroduccd  into  ihcie  coropoundt. 


BCTIflB< 

■B 
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4(h  8or1««. 


8a*« 


R  + 
R  + 
R  + 


ftlbSrrlflt. 


8n»' 


R+ 

R4- 

IR- 


Th«  •eoood  and  fourth  of  ibwe  seriei  hare  not  ypt  been  prodaood  hy  the  mi 

ftre  DOW  considering. 

I'DtflT  Suns.     S/^niuruj  (f  Aii2e  ^  So"  j  ^I^t}  ii  produced  b  nnall  qnaadtiei  faf 
the  Action  of  heiit  a(>on  a  mixture  of  iudide  of  ethjl  und  tin : 


Iodide  of  tthfl. 


Sn» 


SunnoiuelltW 


Sn*a». 


SHumoui  m^hidt  is  doubtlra  formed  under  simiUr  oooditiomi. 
The  TRtuD  Skum  of  Dtann-urganic  compontids  is  fonned  bj  rca«tioiis»  of  which  tk 
following  niay  be  regarded  as  a  type : 


1 


4(CH»)I     +    Sn»         -        2rSn*(CH'n] 
lodhl«>  of  blmnhtodta« 

metbj'l.  orUu. 


SaP. 


FirxH  Ssmixs.— The  following  chemical  change  expresses  the  mode  vf  fbrmaiioi 
oompounds  belonging  to  this  soncs : 

3(0^)1     t     Sn«        »        Sn'-CCH')'!    +     BnT*. 

Iodide  of  Htaouic  lodo- 

netb/l.  trlDKlkide. 

SucTH  SxKXBS. — Th«  most  abundant  prodacts  of  the  action  of  tin  apoD  the  kidid«i 
of  the  alcobol-iadidea  belong  to  thij  senes  ;  indeed,  if  the  action  be  produced  by  li^fat 
inBtead  of  heat,  they  sre  furmed  almost  to  the  complete  exoluAion  of  the  othem.  It  i* 
&eces«ai7,  however,  to  remark  thut  the  materials  exposed  to  light  should  be  eomplrtrlj^ 
excluded  &om  stmuHpfaeric  oxjgvn,  otherwise  the  liquid  assumes  an  orange  colunr,  lal 
the  action  is  so  eflectuallr  arrestM  that  an  exposure  for  sereral  moDths  to  snnligfat, 
concentrated  by  a  parabolic  mirror,  will  scarcely  produce  any  apprv^ciablft  cfaaM. 
The  following  roactioa  explains  tbo  formation  of  bodiea  belonging  to  thia  aeries : 

6n      - 


2<CH')I 
lodldcof 

mvthyl. 


Sn"{CH«)n« 

Stannic 
dtrorUt  iodide. 


So" 


R  + 
R- 


Sn''^ 


i'^'ilD 


It  is  evident  that  three  series  of  tin-compounds  are  still  wanting  to  complete  ihi 
OfttegoiT,  Tiz. : 

11:     '    ""■ 

Ir- 

It  is  somewhat  remarkable  thai  do  orgaoo^tio  compounds  containing  only  one  eqnirs- 
lent  of  positive  radicle,  have  hitherto  beon  produced.  The  inference  to  be  drawn  frua 
this,  that  such  bodies  do  not  exists  most  be  checked  by  the  fact  that  no  speciii]  attempt) 
have  yet  been  made  to  form  them. 

OrgantHfompounds  of  Mercury. — The  reaction  of  mcrcunr  upon  the  iodides  of  the 
ftlcobol-radicles  eives  rise  to  two  series  of  organic  compounds^  the  geaeral  fotmais  at 
which  may  thus  be  written : 


lit  SrrlM. 


li- 


lDdBvl«s. 


The  first  series  only  of  these  bodies  can  bo  produced  by  the  gnneral  mode  off 
tion  now  under  conitideration ;  bat  the  membere  of  tbe  second  series  are  readily  obUuasd 
by  the  action  of  an  oi^dno-ziDc  compound  upon  those  of  the  first 

For  tbe  production  of  the  first  sen»)  of  these  bodies,  the  action  of  light  is  essentiil 
(except  in  the  case  of  mercuric  iodo-allidc).  no  eleration  of  temperature  being  ea}«^ 
of  producing  tbe  chemical  change.  The  following  equutiun  auffidenUy  exhibits  the 
nature  of  the  reaction : 

CIPI     +     Hg      -      Hg''(CIl«)L 

lodldr  of  Mrrnirlc 

mrtbjrl.  lodtiDvtlililc. 

For  the  production  of  the  methyl-compound,  bright  sunlight  may  be  employed ;  bnt 
lbs  resdion  for  the  cibyl-body  muit  be  conducted  in  diffused  daylight  only,  othenriM 
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DO  org&noinefullio  compound  will  bo  produced,  the  rthjl  being  elimmAted  chielly  v 
■nch,  but  pttTtljr,  hIbo,  aa  bjdride  of  eto^l  and  ptliylene: 

2(C«H»)I    +    Eg      -      Hg1«    +    OH».C?E«. 

Ethyl. 

cm\n   +   cm\ 

Ethjrlanci. 


lodkleorrthfl. 

+    Hg     - 


Hg^» 


Hjrilride  of 
cibyl. 


2((rH»)i 

lodida  of 
etbyl. 

Id  additioa  to  tbcM  bodies,  oomponndB  oootaining  Arsenic  And  antimony  can  aim  be 
produced  bj  tbis  general  mode  of  formation ;  but  they  are  obtained  vith  greater fiuiility 
hy  the  eeoood  meUiod,  which  will  now  be  described. 

S.  Formation  of  Organo-inei^Uie  bodUs  by  the  action  of  the  tmeoHw  Metals  oUoyed 
v>itk  I'otaMium  or  Bodiwn  upon  the  lodidrs  ^ftke  JlcoM-radicUs, 

TheprincipleeiDTolTc4  in  this  second  gr«n(*rHl  roodeof production  are  easentially  vimilar 
to  tfaoM  in  tb<^  flrst^  but  their  ia  bore  Icwi  tcndoncj  to  form  compound!  containing 
negatiTe  u  well  ai  poflitive  radidee.  The  simultaneouii  production  of  an  oigano-pota»> 
•ium  or  Rodtum  iN:>mpiiiund  need  not  be  feared,  since  such  oomponndi  cannot  exiat  in  the 
|>r<»once  of  tho  iodidos  of  the  alcohol-radides. 

Xhia  mode  of  fonnatian  will  be  aufficientJy  illustrated  by  the  following  reactions : 


Arsenic-Compound^, 

4{CH")I 

Iodide  of 
inttbyL 

+ 

2(Aa"Ka») 

=    2(Afi"(CH')«) 

Cuodyl. 

3(CH")I 
Iodide  oT 
■netbf'l. 

+ 

Aa'TIa* 

-.     Ab'TCH-)" 
TiimiUyUrKlne. 

4(CH»)I 

Iodide  or 

neUijL 

+ 

AB'"Na» 

-     Ai.'(CH')*I 

IthWtir  or  tetre- 
loethylarioaldBi. 

Jntimony-compounds. 

3(CH»)I 
Iodide  of 
neCbyl. 

+ 

Sb'TIa* 

-     Sb'"(CH»)» 

TrlmotbylkCiblne. 

4(CH")I 
Iodide  oT 
meUtyl. 

+ 

8b"Na» 

-     8b'(CH')*I 

lodld*  ortetra- 
Detbjrlatlbonlun. 

7Vf»-COTMpO«F»/«. 

2(CH»)I 
Iodide  or 
metbyl. 

+ 

Sn-T^a* 

wethide. 

6(CH*)I 
Iodide  or 
nHhyl. 

+ 

2(an"T?a») 

-    2(Sn"(CH7] 

Stann-t«>«qul- 
mothlde. 

4(CH')I 
Iodide  of 
metfajL 

+ 

Sn«*Na* 

1      Sn"(CH7 
SuDDlc  metbtde. 

+  4KaI. 


3NaL 


SNal. 


SNal. 


SKaX. 


2NaL 


6Nat. 


4KaL 


Mtrettry-compounds. 

When  the  iodides  of  the  alcohol  radicles  are  pla^^  in  contact  with  sodi  am -amalgam, 
no  perceptible  action  takes  place  at  ordinary  tempernturee,  even  after  prolonged  diges- 
tion, but  on  the  addition  of  a  few  drops  of  acetic  ether,  the  amalgam  \a  immediately 
attacked  and  a  brisk  action  with  conmderable  elevation  of  temperuture  attends  the  for- 
mation of  the  oi^ano-meTcurial  compound.  The  function  of  the  act^lic  ether  in  this 
reaction  is  not  uuderstood,  but  the  ether  ia  found  in  undiminiwhed  qu&ulity  at  the  close 
of  the  reactioa  The  foUowing  equation  illuBtrates  the  formation  of  these  compounds: 
2(CH*)I     +     Na'Hg*      -     Hg-CCH")"     +     2NaI, 

Iodide  of  MercurJc 


methyl. 


6(CH»)I     + 
Iodide  of  ecbjl. 


met  hide. 


Lead-compound, 


3(Pb'^a') 


2[Pb''(CH»}']     + 
Plumb*  trletblde. 


eNaL 


SS2 
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8(C«H»)I 
lodiacoTtUii 


oTtUiri. 


Ml  triiiMta 


I 


Oiguio-tellimiim  eompoondfl  sn  fiarmed  bj  b  modifiaUaan  of  tldi  Mclki  tf 
convuts  in  diitUUng  Ulluide  of  poUMom  with  «t]grka!pliate  of  polMM^al: 

homolognes :  

2(S-K>».CHK).K0)        +       Te*^        -        ^*|ot  *         SCfi-^Om 

MaCbylMilphaUorpotaMliiM.  Tittvli^b-aalfefL  SidpiMifrp 

The  ethyl  end  unyl  compoukU  an  pneptred  hj  1 

8.  Formatitm  of  Organo-metaUie  bodies  i 
Organic  Sadidea  tfpon  <A«  Sakid  coMpown 

For  the  production  of  oTgano-metaUie  bodiei  eontainiBg  Ifls  jfi'T^tf'Pt  Mlibft 
Dnc,  this  method  is  perhaps  not  only  the  moit  eonfauen^  but  also  e^nUe  cf  Aia 
general  application.  Compoonda  containing  merenrf,  tin,  lead,  antimaofa  oi  mt 
hare  been  thna  prodnced,  but  it  has  &iled  vhen  anilied  to  tha  haloid  eaufoafci 
copper,  silver,  and  platinum,  for  although  theoe  booMi  aia  TioleB^jr  adid  ^^i 
f  rninie  gron^  does  not  unite  with  the  metaL 

The  fbllowmg  reactions  illustrate  this  method  of  fbtmatioii :— 


r  Os  asC&Miief  Oc  J 


Mevcwjf'Compoumda^ 

Hg^Cl*       -      H^(CH»)»     . 
McreiuteaMliM*. 

2Hg^CP      -      ia^(CB*j(Si 
Mcrcune  cfalonna 


ZbXP. 


Zlnc-methjl. 

Zn'{CB*f 
Zinc-methyl. 

Heicorous  ethido  and  mercorons  methide  hare  not  jet  been  obtaiiMcl  eithv  lyi 
or  an  J  other  process.  The  instability  of  mercnroos  compoonda^  aa  aesn  in  da  ■ 
ganic  oxide  and  iodide,  is  brouaht  to  a  climax  in  oiganie  mercmoua  oooHpoadk;! 
latter  are  instantly  transformed  into  metallic  mercury  and  the  mora  staUe  oqj^M 
coric  oompounda.  Thus,  when  due-ethyl  acts  upon  moeaioiia  cfaloridi^  tha  ftW 
change  results : —  

z^^cm^Y   +   2Hga   -  Hg^'j^   +   Hi^ 

Zlno-ethyL  Marcinie  ethlds. 


&iTP. 


TYtt-compotta^. 


2Zn"(C«H»)« 

Ztoc-eChyl. 

Zn«((?H»)» 
ZiDC-cthjI. 

3Zn-(CH»)« 
Zlnc-ethyl. 

Zn'-(C«H»)« 
Zlac-elhyl. 


+     Sn^Cl* 
SUonlc  chlortde. 

+     8n"(C»H»)«P 
Stannic  dicthlodide. 

+      2Sn»*Cl* 
+     Sn»»Cl* 


Sunnlc  allildab 
8n»'(C«H»)« 


2Sn»'(C»HWa     + 
ChloroCiMfaMe  oTlta. 

Sn»'((?H»)«Ca«      + 
SUnoic  dScbloiathUa. 


azatP. 

ZaXP. 


Lead-eompound, 

The  foHowing  is  the  only  reaction  which  has  hitherto  been  iWHiail  hg  thi 
Viiiich  we  are  now  considering : — 

2Zn-((?H»)»     +     2Fb''a«      -      Pb«'(C«H»)«     +     fb 
Zlnc-«ttayl, 


Pb*(C«H»)«     + 
FlumUccchlds. 


SZatP. 


8Zn*(CH«)«     + 
Unc-incCbTi. 


Antimony-compouKd$, 

2Sb"'Cl»      -      2Sb'"(CH»)«     +      SZaTP. 
TrimetlijIftlUiM. 


AraentC'CiympoundM, 
Zn^CIP)*     +     2Aa"'a»      -    JAslOT)" 


Zloe-inethyl. 


Trirorthylwitaw. 


+     SZbICP. 
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Formation  of  Orqano'intfaUic  bodie*  hu  the  dirplaeement  of  a  Afftaitnan  Orgatuf 
fnctaUic  camptfund  by  another  and  mure  positive  Mttal. 

Thifl  fourth  mode  of  prodaeing  organo-metalUc  bodies  baa  botn  miccesafiiUy  applied 
to  the  formation  of  the  compoundA  of  sodinm,  pota«)itun,  litbium,  aluminium,  and  zinc. 
Id  the  cane  of  the  thiwj  first-oflmed  mctilfl  the  reuclion  takes  place  &t  ordinary  t^rnpent- 
turr«,  the  ori;;iniil  body  operated  upon  being  an  organo-rinc  compound  which  also  enten* 
the  ccmpoHitEon  of  the  resulting  organo-potasHium,  sodium,  or  litlutim  compomid  as 
shows  in  the  foUoving  roactiooB : — ^ 


3Zn" 


C'H» 


Na'      -    2 


3Zn' 


Zitw- ethyl. 


fC*H* 

Sodlo-iliic-etbyl. 


Zn. 


Zlnc-athjI. 


+    K«       -    2 


Za" 


„  fC'H* 


FoCaitlo-  stnc-rthyt. 


+    Zn. 


Sodium  also  displaces  mercury  from  mercuric  ethide ;  sodium-ethyl  is  probably 
formed^  but  the  ejLact  nature  of  the  reaction  has  not  been  ascertained. 

The  organo-zinc  compounds  are  obtained  by  the  action  of  granulated  sine  upon  tho 
corresponding  mercury  oomponnds  at  a  temp«*ratnre  varying  &om  100°  to  130*^  C.  The 
foliowtng  example  shows  the  nature  of  ibis  trausformation. 


2Zn 


Zn-Hg". 


Tne  nrst  mode  of  formation  abore  described,  cannot^  without  formidable  diflBculties, 
be  applied  to  the  CToductian  of  zinc-methyl  and  zinc-amyl  in  a  state  of  purity,  but  by 
the  fourth  method,  now  under  consideration,  these  bodies  are  obtained  with  great 
facility ;  for  the  preparation  of  zinc-ethyl,  however,  the  first  m(.-thod  is  the  most  adran- 
tageoos. 

PbOFEOTIES   of   OBOA»0-a[BTlI.IJC   BODIKS. 

The  organo-metalUc  compounds  &s  a  class  are  distinguished  by  the  axtraordinaxy 
energy  of  their  affinities.  With  certain  exceptions,  presently  to  bo  noticed,  their  dis- 
position to  unite  with  negative  elements  increases  with  the  positive  character  of  the 
metal  and  with  the  smatiness  of  the  atomic  weight  of  the  alcohol -radicle.  Thus 
organo-potiwosium  and  sodium  compounds  possess  more  fherai''al  energy  than  those  of 
sine,  whilst  the  latter  are  morp  active  than  the  compounds  of  arsenic,  antimony,  tin, 
or  lead.  Ag^iin,  in  the  scries  beloDging  to  each  metal,  the  meihylie  compounoa  am 
more  energetic  than  the  othylJc  ones,  whilst  the  lost  greatly  surpass  the  amylic  com- 
pounds  in  this  respect.  But  whilst  theac  general  principles  govern  the  chemical 
energy  of  organo-motallic  bodies,  th<MF  effect  is  modified  by  tnc  degree  of  saturation  ia 
which  the  metal  exists.  Although  this  dreumstanetj  has  hitherto  reoi>iv«l  only  parrinl 
elucidation,  yet  we  have  evidence  of  its  cflecta  in  the  cub*'  of  oigano-tin  compxiunds. 
Both  BtAUDOus  Pthide  iind  stannous  methide  combine  directly  with  atmospheric  oxygen, 
and  the  union  takes  place  with  tolerabio  rapidity ;  but  neither  stannic  ethide  nor  stannic 
m^thide  IB  in  the  kast  degree  acted  upon  by  free  oxygen  at  ordinary  temperatures; 
even  iodine  acts  upon  them  with  difficulty.  This  dimiuation  of  chornical,  energy  in 
urgano*8tdnnic  com^-ounda  cannot  ho  ascribed  to  the  mere  influence  of  the  additional 
weight  of  hydroeirl-on  wliirh  thry  eontain,  eince  stannous  amylide  readily  uniltm  with 
free  oxygon  nt  ordinary  tt-mpiTatures,  although  the  single  atom  of  amyl  which  it  con- 
tains is  conaiderably  heavier  than  ih?  double  atom  of  either  methyl  or  ethyl  present 
in  the  organo-stannie  compounds  just  citi^d. 

Organo-metallic  compounds  in  a  state  of  partial  saturation  play  the  part  of  compound 
radicles,  They  are  monatomic,  diatomic,  triatomic,  or  tetratomic,  according  to  the 
number  of  atoms  requisite  to  complete  their  saturation.  On  the  other  hand,  organo- 
metrtllic  bodies  in  a  state  of  saturation  never  perform  radicle  fiinctinnsr  they  never 
undergo  chemical  change  without  decomposition.  Thus  rinc-ethyl,  stannic  ethide, 
mercuric  ethide,  and  plumbic  ethide  all  give  substitution-products  when  they  are 
chemically  acted  upon. 

Potasaium^  &odium^  and  lithium  sfries* — These  bodies  have  not  yet  been  tsolat^Ml; 
tbey  are  known  only  in  combination  with  the  correspondinff  zinc  or  mercury  eompoundd. 
The  double  compound  of  sodium-ethjl  and  zinc-ethyl  is  tho  only  one  which  hoa 

hitherto  been  submitted  to  analysis.    Its  formula  is 


nIJCC'H')'. 
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Thi0  compound  first  BrnanitM  from  itfl  solatiou  ia  sinc-etbjl  as  a  tnuiflpar^nt  flu^l 
which  nttfiT  somt*  time  !4oIiiIifieJi  to  &  masa  of  Urge  tabular  crystalu,  ftxaing  at  27^  C^  bil 
when  once  fiued  remaining:  fluid  at  seTeral  degreM  below  that  point.  On  the  ippli- 
eation  of  a  moderate  heat  to  thia  mmpotmd,  eaaes  are  evolred,  and  a  niixtiXTC  of  wonni 
and  zinc  without  carbfjn  id  left  behind.  Sooio'sinc  ethyl  decomcK»efl  wat«r  with  pnk 
Tiolouce.  forming  hydride  of  ethyl,  und  the  hydrated  oxidei  of  eidc  and  aodium.  The 
behimour  with  negative  elementi  has  not  yot  been  studit^l.  It«  moiit  intereathig  tw*- 
tion  connate  in  the  abeorptlon  of  c&rbonic  anhydride,  which  it  tFaDaforma  into  pcofMnit 
acid.    The  aodiom-etfayl  aluno  takes  part  in  this  reaction :  * 


NaC?H»     + 

Sodlum^thjrl. 


CO*         -         ^H'<>?0 


Fropion4t«  of 
Hidliun. 


No  compound  of  any  of  these  bodies  with  a  necafive  element  h&s  been  ob 
Tli^ir  a/'tion  upon  carbonic  anhydride  provea  that  tney  poesesa  a  rtill  highw  pe 
pr>«r»»rthan  the  corresponding;  orpanozinc  compouftdB,  ana  they  irill  therefore  doabthee 
prove  viiluable  agecte  for  the  sulKotitution  of  positive  nonps  for  negmtire  plemeatiiB 
oaaM  whore  organo-zinc  compoiindM  fail  to  pmauoe  the  desirN]  offnct. 

Sodium  ethyl  decompo^ra  the  iodides  of  the  aloohol^radiolee  in  the  cold,  iKlk  i 
mation  of  iodide  of  sodium.f 


KaC«H»     + 

Sodhim- 
ethyl. 


I 

Iodide 

ethyl 


]  - 


Nal 


CH 


H  t 


Hydrtde  of 
olhjt. 


C»H«. 
Btbjrteoe. 


Owing  to  thia  behaTionr,  potaasinm  and  aodiom  compounds  can  only  be  prepared  lif 
method  No.  4. 

The  following  bodiea  belonging  to  this  scries  have  been  described; 
-fCH« 


Potassio-zinc  methyl 


Potassio-ziDC  ethyl . 


8odio-sinc  methyl 


Sodio-sinc  ethyl 


n 

TxTS 


CH" 
CH« 

CH> 
rCH» 

ICH* 

S°Jc«H» 


Zn" 
K' 

Zn" 
Na' 


Lithio-mercuric  motltide 


Lithio-meronric  ethide 


Lithio-rino  methide 


Lithio-ZLDC  ethide , 


Hg' 

Li' 


CH« 

cin 


I 


Zn' 
Li' 


(CH* 
(C*H' 


Moffnesium  terirt,\ — Thfl  coTnp<iunds  containing  pthyl  and  methyl  only  hare  hitherto 
been  examined,  and  the  former  alone  submitted  to  uinalymn.  Thfse  bodif«  possess  a 
dose  simikrity  to  organo-zinc  compounds.  They  are  verr  Tr>latile  colonrleas  liquids^ 
possessing  a  povcrfuIalliBceous  odour :  nre  spontaneonsly  inflammable,  and  decompose 
watw  with  violence.  They  do  not  readily  decompose  the  iodides  of  the  alcohol-radidea, 
and  can  therefore  bo  prepared  by  method  No.  1.  No  compound  of  these  bodies  with 
ne^tive  elements  has  yet  been  produced.  They  are  in  the  condition  of  chemical  aata- 
ratiun.     Further  details  of  their  pro[>ertie«  are  vanting. 

Aluminium  series. — The  only  knovn  oipino-oompoands  of  this  series  are  alamtme 
mfthido,  A1"'(CH*)",  and  aluminic  ethidp,  A1'"(C=H*)'.  They  are  prepared  by  heating 
mercuric  mctbido  or  cthido  with  oxcres  of  aluminium  clippings  in  scaled  tubc^  :  a^. 

3Hg"(CH')»   +   Al»     «     SAl^CH")"   +    Hg*. 

They  are  spontaneously,  inflammable  liquids,  whieh  decompose  water  with  ezpkwiTe 
Tiolence^  and  react  with  iodine  to  form  iodo-deriv&tirefl  and  iodide  of  methyl  or  i^yL 
By  regulate  oxposure  to  dry  air  thov  tAke  np  oiypen,  forming  bodies  apparently 
anolugous  to  baric  dioxy-methide  una  dioxethide  (BucktoD  and  Odiing).  A 
compound  of  aluminic  ethide  with  iodidt*  of  ethyl  had  previonsly  been  obtAined  by 
Cahours  |  by  heating  alominium  with  iodide  of  ethyl  (ii  £36).  Glucinutn  appean  to 
act  with  iodide  of  ethyl  in  a  similar  manner. 


I 


I 
I 


■  VTanklrn,  Chero.  Snc.  Qti.  J.  xl.  103. 


S  C«bour»,  Ann.  Ch.  Pbri.  IvHl.  n, 

S  7&iU.  p]tTlll.30_BuGktoauidOdllD|(Proc.  Roj.  Soc  xIt.  19). 
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^m     ZiifC  Sesixs.* — Tbroc  bodies  belonging  to  thin  series  are  known,  tu.  : 

r  Zinc-methyl.  Zu^j^^i        Zinc-ethyl,  Zd"J^J||        Zinc-amyl,  Zn"!^!^"" 

They  are  colourkss,  tmnyparent,  mobUe,  Tulatile,  and  odorooB  liquids,  cornposed  of 
two  gaacous  Tolume»  of  the  liydro'Ciu-bon  radicle,  and  one  volume  of  sinc-Tapour.  the 
three  volumes  condeiued  to  two.  The  methyl-  and  cthyl-compotinda  are  spontanoontily 
idflamniablp,  burning  with  a  greonish-blue  flame:  dnc-amyl  is  upontaneooslj  inflam- 
mable in  pore  oly^n  only.  All  three  are  saturated  compounds,  iacsptible  of  direct 
combination.  In  L'ontact  witli  WKt^r,  they  are  iusLantly  decomposed,  with  formation  of 
hydrated  oxide  of  uac  and  hydride  of  the  urgunic  radicle : 

j  Zn"(CH')«  +   2H»0     -     Zn"H«0«  +  2(CH«.H). 

Zlnc-melhjrl.  Hjrdrlde  n( 

\  meibjri. 

Gradually  treated  with  dry  oxygen  so  u  to  avoid  too  violent  action,  they  passtfaroogh 


two   stages  of 
cqoatioofl : — 


oxidation,   illustrated  la 
(C-H 


the  case  of  zinc-ctbyl   by   the    following 


Ztnc-fUiyl. 
EthjrUtc  of  linc-ethyl. 


0 


0 


.J    C'H» 
}OC»H* 

Ethf  late  of  ilnc-«tb]rl. 


Zn" 


EthylaleoJ  zloc. 


Zn" 


The  action  of  iodtDe  apon  organo-zinc  compounds  differs  somewhat  £rom  tbatof  oxygen 
owing  to  the  moaatomic  ohanictor  of  the  n^'gntiTe  el^mtmt.  It  consists  in  thesuccensive 
eliminatioa  of  the  two  atoms  of  hydrocarbon-rodiole  and  their  sabstitution  by  iodine : 


ZlDCL-cbfl. 


todo-«thide  of  sIdc. 


I*  - 


P 


Zn"j      1 

lodo-ethlde 
of  (Inc. 


Iodide  of 
ethjrU 


Zn"|J     +     C»H«L 
Iodide  of  line.    Iodide  of  etbyl. 
Orgono-sinc  compounds  behave  in  a  manner  exactly  analogous  in  contact  with  the 
other  halogens. 

Reactions  like  the  foregoing  point  to  the  applicability  of  these  compounds  for 
effecting  the  subatitution  of  potntivp  groups  for  negative  elements  in  compound  bodies, 
an  apiiliciaion  which  hna  not  failed  to  attract  the  nntice  of  chcmiHts.  In  addition  tu 
the  reactions  of  tiiis  class  given  above  as  examples  of  the  formation  of  orgaoo  metallic* 
bodies  by  the  third  method,  the  following  have  been  realised  : 


ma  mri€  ondf.f 


2K«0»     + 

Nitric  oxide. 


Zn" 


-iCH" 


2(N»CH^))q, 


jCH"         -  Zn\ 

Zlno-meth^l.  Dtnltra-nethyUte  of  xlne. 

It  will  be  p«>rceirMl  thst  this  reaction  is  the  exact  analogue  of  the  one  already  men- 
tioaed  in  the  sodium  and  potiumom  series,  where  carbonic  anhydride,  treated  with 
sodJum-methyl  and  sodium-eliiyl,  forms  acetic  and  propionic  acidn.  In  fact,  dinitro- 
methyUc  and  dinitro-etbylic  acids  may  be  regarded  oh  the  analogues  of  acetic  and 
propionic  acids  reApcctivoly ;  the  nitrogen  here  sustaining  a  diatomic  character,  and 
replacing  an  atom  of  carbou. 

With  Sulphurous  Oxide,^ 


Iv 

2S0« 


zso* 


Zn  J^jj, 
Zinc-mflthyl. 


Zn" 


CH' 


iZlnc-ethjrL 


8«(CH")=0'5q, 
Za"( 

Melh  ;l-4ith  hon  .tte  of  xIdc. 

ZD"t" 
Etb;1-Cr(ih^DnaLt«  of  line. 


•  FrtnkUnd,  Ctiem.  8oc.  Qu.  J.  H.  797.  and  III.  4^ :  Phil.  Tram.  «lil.  431.  ind  «lr.  SM. 
Wanklyn,  Chem.  Soc.  Qu.  J.  xlil.  194.  Ftanltla  nd  niid  Unjip4,  Chom.  Snc.  Qu.  J.  [*]  »ol. 
li  29.  Ktethand  B«llslein,  Ann.  Cb.  Fharm.  cxxIIlM5.  HuU«ruw.  Bull.  Soc.  Chim.  Aug.  \WA, 
p.  119. 

t  Kr.TnliUiii>,  PhU.Trsn*.  IM7.P.M.  I  Hobioii.  Cbcm.  Soc  Qu.  J.  x.«5iodML 
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Wiih  Tn'eUoride  of  JPAoipAorMf  * 

2F*Cl«     +     8rZn''(CH^        -        2F"(Cm"     +      8Zii"CI" 
ZlDO-mcthjl.  TrlB€th^|dKMpfalii8. 

2fa»     +    8[Zn''(C»H»)T       «        2F"(C?H»)»     +      aZntJl*. 
Zlnc^etbyL  TrtoUiylphosphlnr. 

There  is  no  apparent  obatacle  to  tliU  reaction  being  posbed  to  ita  extreme  limit  a 
the  case  of  pentatomic  bodies  auch  as  phoephoroa,  anenic,  or  antimony.  Mr.  BwtooR 
has  attempted  this  in  the  case  of  antimony ;  bat  although  evidence  of  the  exiK- 
enc«  of  a  pentethide  of  anttmonj  waa  obtained,  the  body  could  not  be  iaobited  nor  id 
composition  satia&ctonly  fixed.  The  great  stability  of  the  triatomic  componiidi  rf 
thefie  bodies  will  prubably  present  considerable  difficolty  in  the  way  of  ofatatliing  ptt> 
tatomic  compoanoe  of  an  ezclumyely  positive  character,  snch  bodies  being  doobUM 
easily  resolved  into  the  more  stable  groupings  represented  in  the  tullowing  eqnatiaa: 

Sb'(C"H»)»        B        Sb-'CC^*)"     +     0»H».C«H» 
ADtlmoolc  ethid*  TrletbTUtlbtaa.  Ethfl. 

With  Borie  Etker.f 

Bortc  ether.  Zlno^iettiyl.  Boric  mcthlde.      ffthrlite  of  itnr  mtthit 

WUh  Oxalio  Ether.t 

When  oxalic  ether  is  heated  with  sine-ethyl  and  water  is  afterwards  added,  law 
ether  is  produced  according  to  the  following  equation : 

Oxalic  «thar.  Zine-etbyK  Lcndc  ether.  AlruM- 

With  Tetrachloride  of  SUicon. 

Si^a*     +     2[Zn"(C«H»)»]        «        8i"(C«H»)*     +     2Zn*C3». 
Zh)C>Khjl.  SiUdum-ethyl. 

Wliilst,  on  the  one  hand,  organo-sinc-compomids  are  thns  capable  of  effbciingtbi 
substitution  of  their  positive  organic  groups  for  negative  elements,  they  «^n,  on  the 
other  hand,  in  rertain  cases  replace  hvdrogen  by  zinc,  forming,  for  inatanty*,  with  a»- 
monia  and  its  homologttes,  a  series  of  zinc-amidos.  In  this  direction  the  foUowiM 
reactions  amongst  othen  have  been  recorded :  g 

Zn''(C»H»)«     +     2N'^«     -    S«Zn*H«      +       2(C«H».H) 
ZlDC-ethyl.  AmmonU.  Ziocamlde.  Hjdrhle  of  tttijL 

Zn-CCTI*)'     +     2[NlC«H»)Hn     -       ^^Cm'fZn'B.*     +     2{C»H».H) 
Zlnc-ethyl.  AniUoe.  ZlmpheDylimlde.  HydrktooTeibyL 

Zn{C«H»)»     +     3Si(C*0?)H*     =    ^=^C^»)»Zn"H      +      2(C»H*H) 
Zlnc-etliyl.  Oumida.  Zlncoxlmide.  Hydride  of  ecbyL 

By  losing  one  atom  of  alcohol-radicle  the  organo-nnc-componnds  become  wMmitfw&t 
compound-radicles,  forming  compounds  which  hare  been  but  little  OTaw^fn^fj^  ^y 
following  however  have  been  described :  j| 

Dinitromethylate  of  ainc-methyl       .        .        .    ^^  |  O. 
Dinitroethylate  of  rinc-ethyl    ....    ^^SS  |  O. 

Cadhiuh  Skbim.^— Only  one  membPT  of  this  series  is  known,  and  that  very  irapsf- 
fectly.    Its  properties  appear  however  to  be  analogous  to  those  of  the  nne-conpotm^ 

Tin  Skbibs.** — A  large  number  of  oigano-metallic  bodies  containing  tin  haTa  hem 
described.  The  following  will  suffice  as  examples  of  the  several  classes  of  these  eoBf 
pounds : 

•HofmannuHlCahoari,  Phil.  Tram.  1867,p.578.    t  FrankUnd.  Phtl.  Trant  IRfia.ii.iff 

tFrankland.Proc.Koy.Socxli.p.SSe.  ^  Frank  I  find,  Proc-  Roy.  Soc-vfU/iTMl 

||FMnkland,Phil.Tnini.lR57.p.S9.  ^  Wanklyn.  Chem.  Soc.  Qa.  J.  Ix.  Sl 

"  Frankland   PhlI.Tran«.  1862.  p.<17,aiid|839.p.4ni.  Cahoun  and  Rich^    ComM.l«^ 

XXXT.9I,  and  xxxtI.  1001.    Lttwlg,  Ann.  Ch.  Pbann.  Ixxxl*.  30S,    A.  G  rtmm,  Ann.  ChMnM^ 

xcti.3*a.    Buckton,Phll.Trsiu.forlSS9,p.432.    Caboura,  Ann.  Ch.  Phys.lTUL  aS.   atraekT 

Ann.Ch.  Ffaana.exxUi.KS.  '  ••^•••^ 
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a.  Stannous  Otmipounds, 
Stannoua  methidc,  or  Stanmet^yl    .        .        Sn''(CH")'. 
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aethide  of  tin 


h,  Triat&mic  Compounds. 
[Sa"(CH')']«    I    lodo-dimethide  of  tin  .     [SnlCH*)'!]. 


A,  Stannic  Compounds, 

Stannic  mcthide 8n*'(CH»)« 

Stannic  iotlu-trimfthido    ....  Sn''(CH*)*I 

Stannic  icKlo-dimeLhide     ....  8a"(CH')='P. 

It  is  scarcely  necessary  to  observe  that  the  iodine  in  the  aboTO  compounds  admits  ci 

nplacemect  by  &ny  salt-forming  rudieli>ji  and  also  by  oxygon  or  sulpliur. 

Stannowt  compmtTids  are  oily  iiquidji  soluble  in  aleuLoI  and  ether,  but  insoluble  in 

»ter,  snd  possess  a  pnngent  odour.     They  cannot  be  distilled  without  decomposition, 

ring  rcsolTf^d    into  stnnnic   coropoundti    ami  roifjillic  tin.     They  are  in   a  8(at«  of 

uiial  chemical  Bataration  only,  and  thrreforo  perform  the  part  of  radicles,  combin- 

ag  directly  with  chlohno,  oxygen^  &Ct  and  forming  well-marked  bodies  of  great 

^•tabiiily, 

Stannona  compounds  are  diatomic,  and  unite  directly  with  free  oxygen,  chlorine,  &C., 
to  produce  bodiea  of  the  stannic  form.  TUua  stannous  ethide  forms  wiUi  oxygen,  stannic 
oxidiethide : 

an"(C^7   +   0     «     Snt'(CH»)Kr 
SUoDoui  stbidc  Stannic  oxidlethid*. 

Stannous  compounds  have  never  vet  be«u  ob8e,med  to  play  a  monaConiic  part.  No 
triatomic  compound  has  been  direcUy  formed  from  a  stannous  body ;  the  latter,  undtir 
the  influence  of  iodine,  oxygon,  &c.,  aeems  to  pasa  at  once  into  tlie  stannic  form. 

TViatomic  compifuttds  of  the  form  (Sn"'R"  -t-  )*  have  hitherto  been  v<*ry  bttlo  pxaminod. 
They  are  oily  litiuitlst  uniliug  directly  with  negative  ruiliclfs,  farming  an  rxt<--nwive 
series  of  com(K>uiids  tyelougiog  to  the  stannic  dasSf  a  considerable  number  of  wbicb 
have  been  studied.  The  following  examples  will  serve  to  show  the  mode  in  which 
triatomio  compounds  of  this  form  pass  into  bodioa  of  the  stannic  daaa  : 


JSnlCH')']* 
TrI-cthldeof  Uo. 


-^    I» 


2Sii"(CHYI. 
SuLonlc  ludotr  let  h  tile. 


Sq"(C'H»)'I   -h    I'     «     Sn"(C»H')»l^   +   CH*I. 

Slannlc  ioduul-  5tuuilc  Iwllile  of 

eChide.  elhiile.  aihjl. 

No  rednction  of  a  triatomic  compound  to  a  sf  annous  compound  has  yet  been  effected, 
although  it  can  scarcf^ly  be  doubtwi  that  an  aqueous  solultDu  of  dicthiodide  of  tin,  for 
instance,  if  tn?ated  with  zinc,  would  ytetd  staniiuUB  etiiide,  Oa  the  other  bond, 
fitannic  ethide  or  mcthido  in  contact  with  iodine  is  transformed  into  a  triutomic  com- 
pound, vix.,  djethiodide  of  tin: 

+    I*     -     2Sn"(CTI>VI    +    4CII'I. 


2Sd"(C«H»)^CH")' 
SuuDDlc  otbfio-dimcuilde* 


Triatomic  oompotmds  of  the  form 


Ht)'' 


J)  lni«t>i  Iodide 
of  tia. 


IfHtid*  of 

methfl. 


'are  Tezy  little  known.    In  fact  the 


\ 


dicthiodide  of  tin,  the  pro-luctioa  of  which  from  stannic  othylodim&tlitde  has  just  been 
mentionnl,  ia  tbo  only  one  known  with  certiunty.  It  is  a  colourless  mobile  liijuid, 
boiling  with  partial  d^'compositiou  at  208^,  and  possessing  a  moat  iuHUpporttible 
odour,  resembling  essential  oil  of  mustard.  Heated  with  excess  of  iodine,  it  is  trans- 
formed into  stannic  iododiethide : 


[Sn*"(C»H^)'I]» 

Dt(-lhladtd«ortiii. 


=     2Sd'*(C«H»)T. 

SUnulc  lododlrthid*. 


Sifinnie  compounds  of  the  form  Sn^'R*  +  are  colourlesft  mobile  liquids,  posSMsing 
a  slight  ethereal  odour.  They  arc  Tolaftle  without  decomposil  ion,  and  are  very  stable. 
Being  in  the  condition  of  chemical  SAturution,they  are  incapable  of  direct  combination. 
Nobody  can  act  upon  them  without  eipeUing  one  or  more  atoms  of  poiiitive  raditde. 
Thus,  when  heated  with  hydrochloric  acid,  stannic  ethide  yields  stannic  chlorotriethida 
and  hydride  of  ethyl : 

Sn»»(CH')*  +   HCl     =     Sn"(C'H»)'Cl   +   CH'.H. 

SUonlc  ethide.  Stannic  chlocotri-        Hidrlda 

ettiidu.  ufetti)). 
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Stannic  oomponnda  of  the  form  Sn'^j  J,  ^  commonlj  called  oompomda  of  i 

Ftannethyl,  have  been  comparatively  well  studied.  The  oxides  are,  in  the  aohydnm 
condition,  volatile,  limpid,  oily  liquids  which  reiuiUy  unite  with  water,  fnrming  civ 
taLlinc  hyilratM  which  haye  a  powerful  olkaliup  reaction,  and  ncutraiiw  the  etroa^HK 
acids,  forrainp  an  extenrive  series  of  salt*.  These  eaita  are  almost  all  soluble  in  wiCm; 
readilj  crystAlliaable,  and  of  u  very  pungent  odoor. 

T^,_   haTO  ttlao  been   very    completely  mvn- 

tigated.  The  oxides  are  white  amorphous  powders,  insoluble  in  water,  aloohc^  ai 
ether.  They  diwoWe  in  hydrochloric,  hyoriodic,  luid  hydrobxomic  aoid«,  fornitii| 
colonrletis  and  inodorons  salts,  which  crystallue  in  flno  prisms.  Moat  of  the  oxymht 
ean  also  be  obtninad  in  the  cryBtalline  form,  either  &om  aqueous  or  alooholicaolotiMft. 
Stannic  compounds  of  this  form  ore  readily  reduced  to  stannons  comoctuda ;  tkm^ 
when  a  piece  of  zinc  is  plunged  into  a  solution  of  stannio  chloroditfuuda,  ntiamm 
ethide  is  produced : 

Sn"(CH')H:n«   +   Zn"     -     Sn-'CCr'H*)'  +  Za'ClK 

Suintilc  chlorodi-  Sudihmu  ellilde. 

vtMde. 
Bismuth  SaRres* — These  bodies  have  as  yet  been  but  very  imperfectly  inresligslii 

Bitimothous  trii'thide  is  a  colourless  or  slightly  yellow  mobile  liquid,  having  an  nf 
pleasant  odour  like  thnt  of  stibcthine.  Exposed  to  the  air,  it  gives  off  dense  jellw 
fumes,  inflames  spontaneoasly.  and  tinally  explodt>8.  It  is  very  unstable,  begins  *o  dt- 
compose  at  &(P  or  G0°  C,  and  explodes  violently  when  hpatedto  160®  C,  a  temp<*TaZiue 
BtiU  below  its  boiling  point.  No  direct  compound  of  this  body  has  yet  been  obtained 
it  behaves  like  a  chemically  saturated  substance^  and  when  slowly  oxidised  in  oodM 
with  water,  yields  alcohol  and  hjdrated  oxidfi  of  biifmath. 

WliMii  un  alcoholic  solution  of  mercuric  chloride  is  added  to  an  alcoholic  solution 
of  binmuLhouB  ethido,  mercuric  eUiochlohde  cryHtollises  out,  whiLHtbiarauthousdichlue* 
etUide  renmin**  in  solution : 

2Hg''(CH*)Cl. 
Mercuric 
cblorMhlde. 

^rom  the  bismutbous  dichlorethide,  the  diiodtde  and  dioxycthide  are  prepared  by 
doable  dooompontiiion,  whilst  the  simultaneous  action  of  sulphuretted  hydrogen,  watn, 
bUmnthoai*  ethidf;  and  atmonpheric  oxygen  is  said  to  produce  the  double  compound cf 
bir^murht^ua  sulphide  nnd  bismuthic  sulphotriethido. 

Lbad  SxRuts-t — Plumbic  ethide,  Pb"(C^H*)',  and  its  derivatives  only  are  knowa  in 
this  Berien. 

Plumbic  ethide  is  a  colourless  lirapid  Auid«  soluble  in  ether,  but  inaolablein  watci, 
and  posseasing  a  faint  u<lour.  It  is  not  acted  upou  by  oxygen  at  ordinaiy  tompezatnze^ 
but  chlorine,  bromine,  and  iodine  act  violeully  upon  it.  Plumbic  ethida  belongs  totht 
class  of  satamted  bodies,  and  is  consequently  incupiiblo  of  forming  cora{K>unds.  Vfhen 
it  is  treated  with  hydrochloric  acid,  hydride  of  ethyl  sfpirates  and  plumbic  chloro- 
trieth'de  is  formed : 

Pb'*(C«Hy     +     HCI      =      Pb"(CH»)"Cl     +     cni»H. 

Plumbic  Bt^hle.  Plumbic  chloro-  Hydnde  of 

trfothldr.  ethj-;. 

From  plumbic  chloro- tri ethide  the  sulphate  and  other  salts  can  be  prepaMd  by 
double  deoompositiun.  These  salts  may  also  be  obtained  still  more  readily  from  tha 
oxide,  whii^h  is  a  crystalline,  volntile.  pungent  body,  possessing  a  powerful  alkaline  re- 
action, and  attracting  carbonic  acid  from  the  air. 

MaRCunic  SKBres.} — This  series  is  confined  to  bodies  of  the  mercuric  type,  ao 
organo-mercurous  compound  having  been  yet  produced.  The  following  are  exampUt 
of  bodies  beloaging  to  this  series: 

Mercuric  metbiodide Hg"  ]    y 

f  (^17S 

Mercuric  ethonitrate ^S'jNO* 

•  Breed,  Ann.  Ch.  Ph»m5.  txxitli.  106;  DiJ  n  liaM  pt.  Ann.  Oh.  Pliirm.  xcii.  371. 

t  L6w1k.  Aon.  Ch.  Pharm.  Ixxwhi.aiSi   Buck  ton,  PhU.  Tmnt.  I*.V>,  p.  <I7. 

t  FrankUnd,  PlUl  Tran*.  IRVj.  n.  4:'fi.  and  Phil  Trant.  IH.S9.  p.  40!l  ;  nUnhnup 
FhArm.  kril.  371  ;  St  r  eck  er.  Ann.  Ch.  Phanm.  xcli.  W  ;  Bticktoo,  Phil.  Tram.  IWff 
11159,  p  417.    Frank  laaj  and   DuppA,  Jouiii.  uf  Cbem.  Soc.  ii).  p.  415. 


Bi^CC-H*)*  +  2Hg''Cl" 

-    Bi'"(CH')Cl' 

BUmuthoui 

RlimuLhnill 

rttiidc. 

dicbloreihlde. 

I 


\ 
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Mercuric  metliido,  mercuric  ethidc  and  mercuric  amylide  are  coloiulpn,  etbeKal, 
TulHtilo  liquids,  insoluble  in  Tnt^r,  but  Nnluble  in  alcohol  and  ethor,  and  pOBMannggrvoU 
Btability.  They  arc  in  a  utatc  of  maximum  aaturalion,  and  cannot  therefore  unit«  with 
any  other  body  without  the  displacement  of  an  equivalent  of  ponitive  radicle.  Thus 
irith  bromiac,  mBrcuric  ethide  gives  bromide  of  ethyl  and  mercuric  ethylobromide : 

Hg''(C'HM'    +    Bp*      -      Hgf(CH*)Br     +     (7H»Br. 

Mercuric  Hhfde.  Mcn-urtc  Bromide  of 

ethjrlotironiida.  MhjrL 

Mowte  xnetliide  poeaessfv  the  highest  specific  gravity  of  any  knovn  non-metoUtc 
liquid  (3069).  Flint-glasa  cunsequently  flouts  upon  its  surface.  Brought  ioto  contact 
with  mercuric  iodide,  mercuric  methide,  mercuric  ethide  and  mercuric  amylide  ar« 
coavcrfed  respeotirely  into  mercuric  methiodide,  mercuric  eihiodido  and  mercuric 
amyliodide ; 

Hff-(CH")«    +    Hg-I»     -      2[Hg-(CH«)I]. 

MDreurIc  MerctiHc 

nathlde.  methiodide. 

The  reaction  with  mercuric  chloride  is  exactly  analogoiu.  The  hydrates  of  raepcario 
methoxjdp  aud  mercuric  ethoxid/'  are  caustic  ulkaline  bases,  cnpable  of  expelling  am- 
monia from  its  saltn,  and  bebaringin  n  manner  similar  to  the  convHpondicg  monutomic 
compounds  of  tin  and  lead.  The  remaining  mercury -compounds,  which  may  be  ctm- 
aidcred  as  derivatives  of  these  two  bodies,  are  represented  in  the  above  list  by  the 
iodides  and  nitrates  :  they  genemlly  crystallise  very  re4idily,  and,  with  the  exception  of 
the  haloid  cumpoundn,  are  eoloble  in  wat«r.  The  l>chaviour  of  mercuric  methide, 
ethide  and  amylide  in  contact  with  zinc  bus  already  been  described  as  the  basis  of  a 
method  for  procuring  the  zinc*compoands  of  the  respective  hydrocarbon  radicles.  When 
the  iodide,  bromide,  or  chloride  of  an  organo- mercurial  body  is  treated  with  an  or^no- 
aine  compound,  the  negative  element  becomes  repliwed  by  the  alcohol -radicle  of  the 
zinc-compound ;  thus,  when  mercuric  methiodide  is  treated  with  zinc-metliyl,  mercuric 
methide  is  produced.  And  it  is  believed  that  by  acting  upon  mercuric  etbochloride 
with  Biuc-mc'thyl,  mercuric  etbylomethide  is  formed: 

2[H?"(C'H'')C1]     +     Zn"(CH')«      -      2rHg"(C»H'XCH")]     +     Zn^a* 
U«rcurlc  cithocbloride.  Zluc-methyl.  Uercurlc  etlijIomeUildc. 

bat  this  body  has  not  yet  been  obtained  in  a  state  of  purity ;  distillation  gradually  rc- 
•olres  it  into  mercuric  methide  and  mercuric  ethide : 

2[Hg''(C»H»KCH«)]      -      Hg-(CH')»     +     R^iCB})-*. 

Mercuric  etiiyluinethide.  Mercurtc  Mrrcuric  ethida. 

met  bide. 

AiTTOfOKT  Sebtes.*— This  important  seriea  of  oigaDO-mctallic  bodies  contains  a 
greater  number  and  variety  of  compounds  than  any  other,  with  the  exception  of  the 
arsenic  series.  The  ri'markable  polyatomic  character  of  antimony  and  uracnic  not  only 
renders  the  possible  uumUT  of  their  organo-compounds  vary  large,  but  the  variations  in 
the  proportions  of  the  positive  aud  uegiitive  molecules  gives  an  extremely  wide  range  to 
their  ehemicHl  cfaftmcter.  extending,  as  it  does,  from  highly  canstic  bases  on  the  one 
hand  to  powerful  bibaaic  acids  on  the  other.  The  fuUowlng  are  the  prindp&l  compounds 
bdloDgiug  to  this  series: 

Trimethylstibine Sb"*(CH')«. 

Antimonic  Trimethoxide 8b'(CH')»0. 

Iodide  of  tetmmethTl*tilionium  or  antimonic  tetrameth iodide  Sb*'(CH*)*I. 

Hydrate  of  tetrnmcthvUtiboniumor  antimonic  tetramethy  I  hydrate      Sb'(CH')'(HO). 

Antimonic  Trimethosulphate Sb'(CH'nSO*)''. 

Antimonic  Triamylnitrate Sb'(CH*)*(NO*)". 

It  is  remarkiible  that  we  have  as  yet  no  decisive  evidence  in  this  series,  of  the  ex- 
istence of  a  compound  corresponding  to  cncodyL  It  is  true  that  such  a  body  has  been 
d«scribed  under  the  name  of  utibhiamtf}^  hut  subsequent  experiments  have  failed  to  con- 
firm its  existence.  Amongst  organo^autimony  compounds,  therefore,  the  rooKt  simple 
form  is  8b'"R'  + .  Bodies  of  this  furm  nre  the  analogues  of  ammonia,  and  need  not 
be  here  further  noticed.      The  pentatomic  organo*antimonial  compounds  of  the  form 

fib*  J  R  _  "^^  ^^  ^^  ^'^^  analogues  of  ammonium-compounds. 

The  remaining  compounds  of  this  series  are  constructed  upon  the  model  S^'Jpi_ 
^^en  two  atoms  of  R~  are  replaced  by  diatomic  oxygen,  these  compounds  coustitata 

•  LSwifr.  Anc.  Ch.  rhirm.  ixxv.  M\  3S7  ;  Landolt,  ibH.\xx\\\\-  91  t  BuckloD,  Chem.  Soe. 
Qu.J.aULIt5.    aofnimon,  i5fd.  fti.316. 
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whHt  may  be  tvfmt-d  biacii]  nutimoDy  boars.     Tbejr  are  formed  eitfaar  bj  tb*  £ied  ' 

uuiuQ  of  the  stib&minefl  Sb'"K'  +  with  oxji^en: 

8b'"|R+      +0         -        ^io'* 

or  ai  hydrate's  by  the  decomposition  of  the  corroeponding  haloid  compotmda  by 
ofpote«h:  thus — 

^"   ■♦•  ntrrrn  ^^^i.^         j.      2KC1. 


8b' 


Cl« 


+      2KH0 


SV 


J  (OH)' 


2KHO. 


The  fltibamiiie«,  Althoogh  in  other  r(«p«cta  the  perfect  analogues  of  the  nitnnnMi 
hen*  evidently  exhibit  a  much  more  hif;hly  poeitive  character,  uniting  with  o&ygvDV 
encrgrtically  as  to  bo  spontaneonaly  iuflammable  in  the  lovor  portion  of  the  eeriei 

The  biacid  antimony  baees  are  colourless,  transporenU  amurpbons.  and  rmtn 
bodies  ;  the  etliyl  baae  is  easily  soluble  iu  water  and  alcohol,  but  somewhat  leas  saliliit 
in  other.  They  possess  a  bitter  taste,  are  nou-ToIatile,  aud  do  not  suffer  any  ehttft 
when  exposed  to  the  air.     Treated  with  potassium  they  are  reduced  to  etib 

Faming  nitric  acid  decomposes  the  biacid  basos  with  i^ition  ;  but  when  Ibej  in 
treated  with  dilute  nitric  or  othf^r  add,  the  respectivo  biacid  salts  are  pTodurcd.  Tie 
os^salts  arc  ^olubli;  in  water  or  alcohol;  moet  of  them  crystallise  without  much  diffi- 
culty, AS  do  alsu  the  antinionic  biuiodidos  ;  but  anlimooic  trivthobromide  and  tri^tW- 
chloridc^  arc  liquids  not  rolatile  witlioat  decompoeiliun,  insoluble  iu  water,  but  solaU* 
in  alcohol  and  ethor. 

The  t'xiatence  of  antimonic  triethoxiodide  has  been  proved  by  Strccker.  Ithai 
prerioualy  btieu  regarded  by  Merck  as  a  protoiodide  uf  stibetliine  (Sb(C^li*/I). 

Arsbxic  Series  * — This  series  is   i>erhaps  the  roost  important    and    inlerenhi 

amongst organo-metallic bodies;  itcontains  the  first  disoorered  organo-metaU  eacodjC 
thedasaicsl  investiffatiou  of  which  by  Bunsen  not  only  imparts  a  complrtene*  to 
oar  knowledge  of  this  serjts,  but  has  affunled  the  clue  to  the  snccesiifal  iDt«*rpfelatio& 
of  many  phenomena  met  with  in  other  analogous  iamilies.  It  will  be  convenient  to  dind« 
its  Tezy  numerous  members  into  three  groups. 

A.  Organo-anenical  compounds  of  the  type  r-aJR' 

B.  Orgs  no-arsenical  compounds  of  the  type  AxTtLK 

C.  Organo-arsenical  compounds  of  tho  typo  A^'R* 

All  arsenical  compounds  permit  of  being  arranged  under  these  three  types.  Ha 
fiUowtng  are  a  few  of  the  principal  bodies  already  inveetigutcd: 

A.  Organo-arsenical  compounds  of  the  type  Kb*  ]  ds 


Cncodyl 
Ethylic  cacodyl  . 


As«(CH«)* 
As«(C«H*)'. 


B.  Org&co- arsenical  compounds  of  the  type  As"  R>. 

Chloride  of  cacodyl    .        .  .  As'"(OH»)*Cl 

Chloride  of  cttooplotyl         .  .  As"(0H"XCPl"'H)OI 

Axsenioua  oxyniethide        ,  ,  As'*'(CH")0*' 

Arsonious  dichloromethide  •  As'"(CH')Cl' 

Triraethybirsiiie         .         .  .  As'"(CH»)". 

C  Organo-arsentcal  compounds  of  the  type  As'R*. 
This  group  may  be  conveniently  divided  into  four  families  or  sub-types,  vis. : 


1  TJ      -, 

0.  Bodies  of  the  form  As*  J^j,      and  their  derivatives: 


Monomtthy]-ar»enip  acid  , 
ArBcnio  oxydiehlormcthide . 
Arsenic  tetrachlormelbide  . 


Ab'{CH')0"(HO)« 

As'(CH«)0-a« 

A8'(CU")C1^ 


•  Cadet  (liCC).  M6m  deWaib.  et  Ph^r  de  Sftvanti  ItTMiR.  111.6^8;  Theoard.  Ann.  Cb.  HL  K 
Buoien.  Ann.  Cb.  Pharm.  xxl..  »Tj  »x»if.  I  i  xlit.  H  :  »lvi.  I .  FmiHl  land.  Ch.  Soc.  Qa.  J.  IL 
y-'Q  •,    Cahour*  <!t  Rlchn,  Compl.  rrnd.  xxwi.  |(»01  j   Lund  nit,  Ann.  Ch.  Ptutrni.  Ixaxix.  901  ;  Hof> 


'"'z^'"' ^-i-.  ...«.«..  -»■>.«,,    AA'ii.  I  i    SMI.    M  :  xivi.   t .  r  run*  lanu,  un.  aoc.  so.  J. 

3  ;    rahour«<!tRlch(!,  Compl.  rrnd.  xxxwt.  |(»01  j   Lund  nit,  Ann.  Ch.  Ptutrni.  Ixaxix.  901  -  K 
inn,  Cbem.Soc.  Qu.  J.aL  3ll}.     Barjrr,  Ann.  Ch    Ptiartn.crU.  ar»7  ,  c».  3G5. 
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b.  Bodies  of  thf  form  AB*|T]t_i  uid  Uieir  derxratiTea : 

Caoodjlic  add A8'(CH")H)''(H0) 

Tercliloride  of  cacodvl         .        i        -        .     Afl'(CE»)«Cl». 

0.  Bodies  of  the  form  A8']t}_  ,  and  their  deriratires  : 

Arsenic  trietboxide As'(C'H*)»0'' 

Arsenic  triethoftulphntfi       .         ,         .         ,     A«'(CH»)^80<)'* 
Araenic  trieLhoclilorido       .         ,         .         .     A**(C'H*)"C1». 


Bodies  of  the  form  Ab' 


Jr. 


Bjrdratod  oxide  of  tetraniechylan»iuiim  or  anenio 

tetT»methydratw AB'(Cfl')'(HO) 

Iodide  of  retramethylarsoniam  or  arsenic  tetr&meth- 

iodide A»'CCH"/L 

Nitrate  of   dimethjl-dit^thjliirvoniuni    or    arsenic 

dimethyl-diPthyinitmte Ai!'(CH»)»(C»H»)*(NO»). 

The  organo-aiMtiical  compouDda  belonging  to  the  tjpe  Aiu-nj  contain  only  posi- 
tive mdicles.  They  are  volatile  poisonous  Hquids,  insoluble  in  water,  but  very  Bolnblo 
in  alcohol  and  ether,  and  pofiacsa  an  uunpportable  odour.  The  lower  members  of  tho 
ftiinily  are  spontaneoosiy  inflaminable,  whiM  the  hi^hrronos  ul«o  rapidly  oxidise  in  sir. 
They  unite  with  negative  elements  with  gr^*t  evn*Tgy,  manife9tiot!;in  tbeireombinHtioua 
sitber  a  monatomic  ur  a  triatumic  character,  aud  producing  bodteu  csillier  of  the  form 

Aa"*  jji  _     or  A5'jp,_.     Thus  cacodyl  forma  with  chlorine^  chloride  of  caoodyl 
and  trichloride  of  cacodyl : 

■■<TT«\1 


Ajlf??*^' 


ga» 


2[Aj"'(CH')Ka]. 
Chloride  of  ucud}'!* 

Cl»       -     2[As'(CH')"Cl']. 
Trichloride  or  cuodjt 
Heated  to  400°,  cacodyl  splits  up  into  metallic  arsenic,  hydride  of  methyl,  and  olcflont 

As"     +     2fCH".HJ 
Ideofnieiny 


tCH")« 

CAcodyl. 
Cacodyl. 


MCfl*}*       -.       As"     +     2fCH".H)     +     CK\ 

Cacodyl.  Hydride  ofmeihyl.        Blhylen& 

Bodies  of  tins  type  can  be  regenerated  by  reducing  agents  fix>m  many  of  their  mon- 

af  smic  compounds ;  thus  chloride  of  cacodyl  and  m«taUJc  zinc  glTe  cacodyl  and  chlorido 

of  zino: 

„J(CH«)' 


2Aa"' 


a 


Zq 


^  UCH")* 


Zn"Cl'. 


Organo-srsenical  compounds  of  the  type  Aa'^*  axe  of  three  ibrms,  via. : 
(1)    Ab-E'^.  (2)    As"\'^l  (S)     AB-jl.! 

Those  belonging  to  the  first  are  termed  arsinrs,  and  are  the  analogues  of  ammonia; 
but,  like  the  correftponding  aiittmnny  compounds,  in  addition  to  their  alkaloid  function, 
they  have  the  puwer  of  combining  with  cwo  n(^tive  atomSf  forming  bodies  of  the 

anb-type  ■^^<-o^i_-     Thus  triethyUrsine  combines  with  oxygen  to  form  anenic  o^- 

triethide.  TIip  lower  members  of  the  type  possess  this  property  to  such  an  extent  us 
to  render  them  spontaneously  inflammable  in  the  air. 

Compounds  belonging  to  the  second  of  the  above  forma  are  protluced  by  the  direct 
combjniition  of  the  cactnlyls  with  negative  elements.  When  the  negative  hlrment  is 
oxy^'en,  tho  diatomic  choroctor  of  the  latter  doubles  the  type,  which  then  bocoraca 

As'  ^  R'  +  .     The  oxides  are  bases  of  comparatively  feeble  power,  slowly  combining 

with  water  and  two  additional  atoms  of  o^gen,  to  form  acids.  Thus  oxide  of 
cacodyl,  by  cxpoeuro  to  air  and  moisture,  elowly  passes  into  cacodylic  acid: 

As-(CH>)K)''     +     d'     +     WO      -      2AjH'(CH')*0''tOH). 

Oxklc  ut  i:.icfidrL  C*codyliL  iicia. 

The  chlgriaej  bromine,  and  iodine  compounds  of  the  form  we  sre  now  oonaidoring 
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Are  volatile   oputrul  bodies,  wbioh  maj  be  regitrdod  u  tbf  haloTd  s&lu  ai 
Hcatod  in  contact  yrith  platinic  chlorid**,  the  cacodjl  presenta  an  intcretftang  : 
tvo  atomi  of  hydrogen  in  the  Chloride  of  cacodjl  become  replaced  b/  a  ' 
molecule  of  pltfinnm,  producing  chloride  of  cacoplatyL 

CH«  fCH' 

CH»     +  Pt^a*         -         Aa*-   CPl"^     +      2HCL 
CI  I    CI 

Chloride  of  cacodjl.  Chloride  of  cacopUtyl. 

Cttooplatjl  forma  a  series  of  conipoandfl  analogooa  to  thoee  of  cacodyL 

The  only  ooroponnds  of  the  liurd  form  yet  known  belong  to  the  metfaytie  |^ 

Anienioua  oxymethide  ib  a  crystalliDt)  body  of  a  neutml  eliArartor,  aoluble  in  *ita^l 

alcohol  and  ether,  Tmchanged  by  exposore  to  air,  bat  tiaoafomicd  by  distillation  vit^l 

hydrate  of  potassium  into  araenious  add  and  oxide  of  cacodyl: 

4Aa-|^^     +    2Sf0''        -  AiNOK     +      5{o- 


(OK 


To- 


J  0-    -^  '•hT 

Anentoui  oirmethide. 
Hydrochloric  acid  converta  it  into  arseniotu  dichlormethide 

Aa'^J^i'.     +     2HC1      «      Ab'^I    CI     ^ 
"  (    CI 

Amoloai oxymetbids.  Arienioiu  dicblorroetli 

Hydrobromie  and  hydriodic  acids  produce  a  perfectly  analoguna  changev  whUat  nl- 
phuretted  hydrogen  transforms  it  into  aradniona  sulphomethide. 

The  clilorine,  bromine,  and  iodine  compounds  are  ueutnil  bodieeof  eonniderable  flU> 
bility;  the  two  former  are  liquid,  the  latter  solid  and  crystalline.     Sy  the  action  of 

chlorine  or  oxidising  agents,  they  are  transformed  into  bodies  of  the  form    Aa*  |  ni*^ 

Organo-arsenical  compouDds  have  been  more  thoroughly  investigated  is  the  dxrvetiaD 
of  the  typo  As*R*  than  in  any  other ;  consequently  we  And  these  bodies  isttnr  oa- 

1R*  + 
■Q  _  which  latter  bodies  ars 

the  strict  analogues  of  the  componnds  of  ammonium. 

!R  + 
ni_  has  yet  only  been  explored  in  the  methylic  group.     Ths 

oxygen  compound  constitutes  anhydrous  monomothyl-anenic  add,  a  direct  deriflttfs 
from  arsenioos  oxymethide  : 

A»"'(CH«)0"     +      Ag«0-     -     Aj(nCH»)(5'     +      2A«. 
Arf  Dloui  D&yrartlitile.  UoDDmethylnncDtc  add. 

This  acid  is  dibasic,  formine  stable  and  well-defined  crystallinablc  aalts,  thefommlft 
of  which  are  represented  by  the  genural  eipree«ioii :  A(t'^CH')0"(MO)'. 

The  chlorine  compound  in  exceedingly  unstable;  it  may  howorer  bo  formed  at  —  IQ^'C^ 
but  is  tnmsformod  at  0°  C.  into  ar«enious  chloride  and  cldoride  of  methyl: 


A*-(CH')C1* 
Aneolc  Utrachlonzietblde. 


Afl'"Cl« 


+    cn"ci. 

Chlorkde  o(  methyl. 


Arsenic  ojtydichlonnethide  is  a  somewhat  more  atAble  body  formed  by  the  direct 
nnioD  of  chlorine  with  arsenious  oxymethide. 

A«1CH")0      +     CI»      -      A8'(Cn»)0"CI= 


Artenlouk  oxjmethide. 


Anenic  oxy  dichlurmeUilite. 


Kevertheless,  even  thia  compound  readily  decomposes,  with  evolation  of  chloride  cf 
methyl 

<R*4- 

Suthtyp*  Ab']t,|_     The  ozygeD-oompouods  are  feeble   mouobaac  acids  of  which 
cficodylic  add  may  be  regarded  as  the  repreeentatiTe.     They  are  derived  from  ths 


1 


bodiea 


(R*  + 

(o 


direct  oxidation,  as  already  described.     Cuoodylic  acid  is  itMoaA- 


able  for  its  stability;  neither  faming  nitric  add  nor  a  mixture  of  snlphuric  and 
chromic  adds  attuck  it,  even  at  the  boiling  pointy  and  it  may  be  heated  to  200^  with- 
out  nltenition.  AlHiough  it  is  Roluble  in  water  and  contains  upwards  of  54  per  oenL 
pf  arsenic,  yot  it  in  not  in  the  least  poiaonoua.    Several  agents  reduce  cacodytie  acid  to 
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thft  araenloui  or  erftQ  to  the  difttomic  farm. 
encodyl : 

fOH 
+      3P^ 


Thus  phosphorus  acid  trtzuforms  it  into 


OH 
OH 


2As' 


.^jCH> 
}CH« 


3H»0 


(0" 
OH 

OH 

(oh 

Cacodyl.  Ph'tptioric  kdd. 

Zinc  ilUo  prodnc«s  the  same  result.     HydriodJc  Bcid  gas  oonverts  cacodylic  acid  mto 
ttwniouB  dimethiodide : 

0- 

(    OH 


Ab 


SHI       «       An* 


-UCHY 


Z^\ 


2H*0. 


The  acid  cbajTid-pr  of  this  body  is  so  plightly  marked  as  to  render  it  ca^hlf*  of 
forming  compuunda  in  whic^h  it  appears  to  play  the  pnrt  of  a  basei  Thus  with  hydix>- 
flnoric,  hydrochloric  and  bydrobroioic  acids,  il  forms  the  following  compounda  : 


f(CH-)« 


f(CH»)» 

f(CH«)» 

(HO/     and    As'i 

(HO)- 

CI 

Br 

Sulphococodytie  acid  has  not  yet  bccu  isolated,  bat  its  salts  present  the  same  rrla- 
tioDs  to  thuse  uf  cacodylic  acid,  us  salts  of  siilphur*acids  generally  bear  to  those  of  oxy- 
■cids.     Their  formula  is.  Afl'(Cfl»)*S"(MS). 

The  Sub-type  Afl'jp,  _   haa  hitherto  Ijeen  very  little  explor^  bat  so  far  as  it  is 

known,  its  members  bear  so  close  a  resemblance  to  their  analogues  in  the  antimony- 
aerifis,  aa  to  reqtiire  no  fiirther  notice 

TBLLUsxtJM  Sekiks.* — Tlic  close  relations  of  tellurium  tosulpliur  nnfi  aolrnium  place 
the  bodies  of  Lhifl  series  iri  the  snroe  positicm  with  reg^nl  tn  the  sulphides  andselenides 
of  the  alcohoUradielGia  as  the  H.:]titnony  &nd  aracnic  series  stand  in  relutiou  tu  the  cor- 
responding componnda  of  pbosphoruii  and  nitrogen. 

The  fulfowing  are  some  of  the  chief  bodies  belonging  to  this  series: 


Telluriam-methyl 
Telluroua  dimetbnxide     . 
Tellurous  diethindide 
Teliurouis  dietbosulphate 


Te(CH»)» 

r^icn^yo" 

Te(C»H»)'P 
Te(C-'H*)»(SO*)". 


The  compounds  of  the  alcohol-radicles  with  tellnrium  are  Tolatile  liquids  of  roost 
unbearable  odour.  They  oxidise  readily  in  contact  with  nir,  forming  the  respectiTO 
oxides.     TcUurium-amyl  has  not  yet  been  obtained  in  a  state  uf  purity. 

The  oxides  of  these  bodies  are  powerful  bases,  expelling  ammouia  from  its  salts,  and 
attracting  carbonic  acid  from  the  air.  They  form  salts  nf  consirlerable  stability,  which, 
as  well  as  the  oxides  themselree,  yield  the  original  oigano-tellurium  compouuU  when 
treated  with  sulphurous  acid : 


Te' 


(C'H«)» 
O" 

Tdluroui 
dleChoxlda. 


^'\my  ■ 

-    Te'\c*H*)« 

+ 

^l(W 

Sulphunnu 

TfUurlam 

Sulphurle 

Kid. 

etbjl. 

Kid. 

Ckynstitution  qf  Organo-metaUic  Bodies. 

Organ o- metallic  bodies  may  be  regarded  as  constructed  upon  the  types  of  the  in- 
organic chlorides,  sulphides,  oxides,  ice,  of  the  respectivo  metals  which  they  contain, 
the  chlorine,  oxygen,  sulphur,  fc^*^  being  replaced  in  equivalent  proportion  and  fre- 
quently Bt''p  by  Blep  by  Uie  alttihol-radicles. 

A  reference  to  tlie  formulae  of  organo-potassium,  sodium,  and  lithinra  compounds 
when  disentangled  from  that  of  the  Einc-pom[Wund  with  winch  tiiey  have  hitherto 
remained  insrparately  asuociated,  shows  that  ihey  are  formed  upon  the  monatomio 
type  of  the  protorhloridofl,  &c.,  of  thene  metals,  MCI 

The  zine^  mdniium.  and  mereuTy  comj^unds  are  all  formed  apon  the  diatomic  type, 
represented  hy  the  chloriiie  of  zinc,  Zn"Cl* 

In  like  manoer  organo-Jilurainium  compounds  are  formed  upon  the  i^rpe  of  the  tri- 
chloride of  thai  meUiU  A1"'C1'. 

OrEttao-tin  compounds  are  represented  by  the  three  chlorides  of  fin :  Sn*CI*  Sn"'Cl*, 

•  W6hler,  Ann.  Cli.  Pharu.    xuv.  Ill,  Ixxxlv  fift;  Ha  1 1  at,  Aitf.  laalx    23a|W5hlerud 
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sb"a' 


Sb»Cl». 


The  cotnpoQDilii  of  the  bmnuth-flflnefl  are  repreaenied  by  the  tncblonde  of 

10" 
and  by  biamathie  add :  Bi  CI*  and  Bi'  !  /qq\i 

Org&oo-Icad  compooDds  are  arranged  under  the  tjrpo  of  peroxide  of  lead : 

The  arsenic    and  antimony  series  hare  for  their  types  the   foUoving 
compoands : 

^'%  A.-a"  as'JO'h 

The  inorgAcic  Tnodela  for  the  t^Uariam  fiorios  are  chloride  of  tellnrium  and  1 
acid :  Te"Cl*  and  Te"0». 

OccasioDaUT  an  abnormal  compound  has  made  its  appearance,  such  aa  ethostib  __ 
acid,  Sb'(CH»)»0»  or  iodide  of  triethyUtibine.  Sb(C-'H»)*J ;  but  further  reaearchhu 
iuTiuiably  domooBtratod  the  incorrtictiiess  of  Buch  fomiuhe  and  the  confoirnsitj  of  tbt 
bodies  with  the  normal  inorganic  types.  Indeed  tbia  law  may  now  be  regarded  as 
completely  cstublished  so  as  to  be  applicable  to  the  control  of  the  formula  of  nev 
oi^nno- metallic  bodica, 

From  the  point  of  view  thus  afforded,  it  is  uiteresting  to  watch  the  effect  of  tht 
substitution  in  metallic  compounds,  of  basylous  or  poidtiTe  for  chlorooa  or  negatirs 
radieles.     Such  a  snbstitation  affords  strikldg   eridence  of  thi^   dependpDoe  of  the 
chrmical  character  of  a  compoond  upon  that  of  each  indiWduaJ  constituent.     Tha 
highly  polyatomic  metals,  such  as  arsenic  and  antimony,  exhibit  this  dependence  in  ihaJ 
most  concIusiTP  manner.     Thus  tribosic  arsenic  acid,  by  the  embstitutiun  of  methvl  fnfl 
hiilf  an  atom  of  oxygen,  yields  the  dibaatc  roonoTuetliyl- arsenic  acid,  a  weU-deflneu  i 
of  considerable  energy,  tliough  inferior  iu  chlorous  powi*r  to  arsenic  acid.     The  like  sab 
fttitution  of  a  whole  equivalent  of  oxyt^t'n  by  methyl  reduces  the  chlorous  chnracter  i 
the  body  to  the  comparatively  fetble  condition  in  which  we  find  it  in   c«codylic  ao<1, 1 
which  is  incapable  of  forming  an  ammonia-salt.     A  aimilar  8ub»titution  for  the  thini  \ 
time,  orer|>oven  the  acid  attribute  of  the  t.'ompound  alto^^thcr,  and  we  now  hare  a 
feeble  biacid  base,  the  arsenic  oxjtrimethide,  wnich  again,  by  the  exchange  of  oxygra 
*  lor  a  fourth  atom  of  methyl,  is  trasaformed  into  the  oxide  of  tctnuQethylarBomttII^  a  ■ 
1mm  of  such  energy  as  to  be  comparable  with  the  caustic  alknlis  themselrea.  H 

The  behaviour  of  the  oigano-metallic  bodies  tcadies  a  doctrine  which  affedj  " 
chemical  compounds  in  genenu,  and  which  may  be  called  tho  doctrine  of  atomic  ^aio- 
ration.  Kach  element  iscapableof  combining  with  a  certain  limited  number  of  atoms; 
tuiU  this  number  can  never  bf*  exceMed,  lUrhough  the  energy  of  its  affinitifts  may  hare 
been  increased  by  combination  up  to  this  point.  Thus  zijic  appears  to  attain  its  atomic 
aaturation  by  uniting  with  two  atoms  of  another  boily  ;  in  other  worda  it  ia  diatomie; 
conaconently  the  zinc  compounds  of  the  alcohol- radidcN,  notwithstanding  their  intense 
affinities,  are  incapable  or  direct  union  with  other  bodies.  The  action  of  chlorant 
elompnts  upon  them  is  one  of  substitution,  not  of  combinHt.ion.  Polyatomic  znetaU  ex- 
hibit the  aame  pheuomenon.  An  atom  of  tin  cannot  combine  witli  more  than  fucur 
atoms,  an  atom  of  arsenic  or  antimony  with  more  than  five  atoms  of  other  bodies :  but 
in  the  combination  of  polyatomic  metals,  wo  frequently  notice  between  the  lowest  and 
tlit^  highest  compound  one  or  more  int^rmcKliute  points  of  exulted  atability  ;  thus  anti- 
inony  has  a  triatomic  stage  of  corapawtive  stability ;  nitrogen,  phosphorus,  and  nrsenie, 
whilst  exhibiting  a  similar  triatoniic  ptace.  have  also  a  diutumic  one,  though  of  greatly 
inferior  htabil'ty  ;  whils^t  the  exij^tenee  of  nitrous  oxide  and  of  the  organic  componmu 
recently  discovered  by  Griess  renders  it  more  Xhan  probable  that  nitrogea  haa  a  third 
and  mooatomic  sta^. 

In  bodies  possessing  at  least  one  stage  of  stability  below  aafuration,  and  tn  which  aH 
the  atomti  united  with  the  polyatomic  clement  are  of  tho  name  kind,  the  stage  of  max- 
imum stability  is  very  rarely  that  of  Baturation.  Thus,  in  nitrogen,  arsenic,  and 
bitsmnth  compounds  of  the  kind  just  mentioned,  the  ^tage  of  miiximum  stahility  ia 
dr.'0]deiily  the  triatomic  one;  in  antimonia!  comjiounds  of  a  aimllar  uuture  the  triato- 
mic ih  uXsu,  tbuu^h  less  decideiUy,  the  Ettage  of  luuximuiu  stability,  whilst  in  phospho- 
rous compounds  the  points  of  miiximum  ftability  und  of  fiaturation  genemlly  coincide. 
When,  however,  the  atomn  unittd  with  the  polyatomic  element  are  not  of  the  Rama  kind, 
then  the  trfago  of  maximum  stability  usually  cotncidofi  with  that  of  saturation.  Thus 
the  oxide  or  dichloride  of  triethylarsine  or  triethylstibiuo  are  more  stable  than  triethyl- 
arttioe.  urtriethylstibine  themselves  ;  but  thit  pentatomic  sta1>ility  reaches  its  climax  in 
arsonium,  t(tit>oniam,  and  pbotiphoniuiu  eomncunds,  as  it  does  also  in  the  correa- 
pondiug  compounds  of  nitrogen,  although  the  latter  eleinout  ex.hibits  a  much  stronger 
tendency  towards  universal  triatomic  stability  than  its  chemical  ussociatea. 

In  polyatomic  oi^no-metallic  bodies,  it  is  rcmarkablo  that,  with  few  exw^tions, 
(he  positive  hydrocarbuna  hold  their  position  much  mora  tenaciously  than  the 
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I  ciat«d  negative  oonstitaento ;  and  we  thus  frequently  And  the  former  aoeompanjing 
the  metal  through  a  vast  number  of  compounds,  tience  the  group  fbrmea  hr  the 
metal  and  positive  hydrocarbons  has  come  to  be  regarded  as  a  compound  radicle.  Thus 
i  Mcodyl  is  conceived  to  be  the  radicle  of  the  whole  series  of  cacodjl  compounds.  But 
I  however  great  may  be  the  couTenience  of  this  mode  of  viewing  organo*metallic  com- 
pounds, and  the  same  mode  has  notoriously  been  extended  to  nearly  all  organic  bodies. 
It  must  not  be  forgotten  that  it  is  a  purely  artificial  distinction,  which  has  no  real  ex- 
iatence,  either  in  tiie  case  of  organo-metaUic  bodies,  or  in  that  of  organic  bodies  in 
generaL 

A  close  examination  of  the  habits  of  the  so-called  or^ano-metallio  radicles  shows 
dearly,  that  their  atomic  power  depends  upon  their  position  with  regard  to  the  stages 
of  stability  and  maximum  saturation ;  thus  they  are  monatomic  when  the  number  of 
pontiTe  groups  is  one  less  than  that  required  to  reach  either  the  tn*YimiiTn  saturation 
ot  the  metal,  or  a  lower  stage  of  stability.  CSaoodyl  and  tetramethylarsonium  (tho  single 
-atom),  fur  instance,  are  monatomic  radicles,  beoiuse  they  are  respectively  one  atom 
■hort  of  the  stage  of  stability,  and  of  *»*■"'«""*  satoration : 
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It  is  obvious  that  a  compound  radide,  the  number  of  whose  positive  atoms  is  below 
that  of  a  stage  of  stability,  can  have  a  double  atomic  character.  Thus  cacodyl  is 
sometimes  monatomic,  as  in  oxide  of  cacodyl ;  and  sometimes  triatomic,  as  in  cacodylic 
acid.     Again  arsenio-monomethyl  (AsCH')  is  diatomic  in  arsenious  oxymethide, 

!CH'  ( ^^ 

^»  ,   and  tetratomic  in  monomethylaraenic  acid :  As'  { O" 
"  l(OH)»  E.  F. 

OXCkaJHTKa    See  Ujlbjosah. 

OXOPZOW.    Syn.  with  Bocx-soAP. 

OltVZBKBWT.    Native  trisulphide  of  arsenic  (i.  387). 

Oft83U3b&a.    Syn.  with  Abceox. 

OM  »»TiTiBB10  AOZB*    Syn.  with  0b5»t.t.twic  Acm. 

OMBMXat^a  ACZB.  Stenhouse  designated  the  acid  obtained  from  South  American 
Soccdla,  by  maceration  with  milk  of  lime,  &c.,  as  a-orsellic,  and  that  prepared  in 
like  manner  from  South  African  SocceUa  as  3-orsellic  acid.  The  former  is  very  much 
like  lecanoric  acid  (iii  665),  and  perhaps  identical  with  it.  Tlie  latter  is  con- 
tained, together  with  roccellinin  (q.  f.)  in  the  precipitate  thrown  down  by  hydro- 
chloric acid  from  the  lime-extract  of  the  Cape  lichen  ;  on  exhausting  this  predpitata 
rppeatc«ily  with  water,  the  roccellinin  remains  undissolved,  while  the  ^-orsellic  acid 
crystallises  from  the  filtrate.  It  appears  to  be  somewhat  less  soluble  in  boiling  water 
than  a-orsellic  acid,  and  gives  a  black  precipitate  with  acetate  of  lead.  It  has  however 
the  same  compoHition  as  o-orsellic  and  lecanoric  acid,  forms  salts  exactly  Ksembling 
the  latter,  and  behaves  in  the  same  manner  with  alcohol,  alkalis,  hypochlorites,  &c. 
The  two  acids  are  therefore  often  r^arded  as  identical  {See  G  m.  xii.  877 :  xvi.  294 : 
Gerkiii.  797.) 

OSSSUbZVXC  ACZB.  OHH)*.  OrteUie  acid.  OrBeOf tic  acid,  (Stenhouse, 
Phil  Trnns.  1848,  p.  66  ;  Phil  Mag.  [3]  xxxil  300;  Proc.  Roy.  Soc  xii.  263).— This 
acid  is  produced:  1.  By  boiling  lecanoric,  o-orsellic^  or  iS-orsellic  add  with  water, 
alcohol,  or  alkaHs: 

C"H»n)'  +  H*0     -     2(?H»0\ 

2.  From  erythric  acid  (ei^thrinX  simultaneously  with  picro-erythrin,  when  the  barium* 
or  caldum-salt  of  that  acid  is  boiled  with  water : 

C»H"K)'«     +     HH)      -      C>«H»«0*     +      2C  »H* 
Etythrtc  add.  PlcrocrTthrln.       OiMlUok  acid. 
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8.  From  erenuc  aad,  simultaneoiMljr  with  ev(!rniDio  wad,  by   boiling  with  bujl^  I 
water: — 

Et^rnlc  aciA  ETrnifnlc  mtii.     OriclliDlc  mc\d* 

To  prepare  thi*  aciH,  lecanoric  add  «ii»pen'l«i  in  WHt<'r  is  carpfiiUj  neutraliiea 
lim^  or  baryta,  and  the  liquid  i»  boilrd,  care  Wing  howrrer  taken  not  to  ooolinoe 
boiliDg  too  long,  ob  otherwi«e  the  orMllinic  aoid  will  be  reBolved  into  carbMiue  «o 
dride  and  orcin.      The   calcic  or   barytic  on^llinute,  b<'ing  much  more  soluble  tbaa 
the  leeanoratOf  diseolves  to  the  liquid,  and  on  adding  hjdrochlone  acid  to  the  snlahim. 
orwUinic  acid   is   depunted  na  a  gclattaoos  precipitate,  which  may  be  piarifl«d  bj 
cryatalliftation  from  water  or  alcohol. 

OneUiuie  acid  forms  coloorless,  priamatic  crvBtala  moch  more  soluble  in  wattr  aii4 
alcohol  than  lecanorie  acid ;  it  is  alK)  soluble  in  etMer.  The  aqueous  aolntion  haa  a 
aligbtly  rough  and  bitter  taste  and  reddens  litmus.  When  boiled  for  9om«  time,  ii 
givca  off  carbonic  anhydride  and  leares  orcin:  C*H*0*  •  CHK)*  +  CO*.  C'Mortdtvf 
Uit*4  imparts  to  it  a  very  fugitiye  red-brown  or  violet  tint.  With  bromine  it  forms  tri- 
bromorcLD.     (Hesse.) 

The  orsellinates  of  the  alkali-meUls  and  alkaline  earth-inataJa  are  BoJubla  ia 
water;  in  proseoceof  excess  of  base  they  are  easily  resolred  iuto  orcin  and  a  caN- 
bon&te. — The  barium-Molt,  C'lI^'Ba^O',  ia  rery  solulile  in  water  and  in  alcohol,  nud  iA 
deposited  therefrom  in  four-sided  prisma.  It  is  obtained  by  adding  caustic  b;iryta  to 
an  alcoholic  solution  of  orv>llinic  acid,  keeping  the  a«id  in  excess  to  avoid  deccimpo* 
aition.  The  liquid  is  then  concentrated  to  a  syrup,  the  acid  is  aaturatod,  and  the  li^aJd. 
loft  to  crvstaUise. 

OKSSXliZirxC  XTHEKB.  These  compounds  are  produced  by  boiling  lecanorie 
or  erythric  acid  with  the  corresponding  idcohols. 

1,  Methytic  Orgclliiiatt,  CH'"0*  =  C"H'(CH")0*.  erystallise*  from  boilii^ 
water  in  silky  needles,  rolatile  without  decomposition,  more  soluble  thiui  the  ethylW 
ether,  which  it  resembles  in  its  chemical  characters.     (Stenhouse.) 

2.  Ethylie  Orar/^no/r,  C"H'*0*  -  <?H'(C'H»)0*.— This  compound,  called 
Ortellic,  lecanorie,  and  Erythric  cther^  waa  discovered  in  1 830  by  H  e  e  r  e  n  f  Soli  w.  J.  Kx. 
341)  who  called  '\K  'pteudo-rrythrin  ;  and  has  been  further  examined  by  Liebig  (Fogg, 
Ann.  ixl  32),  Kane  (PhiL  Trans.  1840.  pp.  237,  279).  Schunck  (Ann.  Ch.  Pharm, 
xlL  160;  bci.  72).  Rochleder  and  Heldt.  lAk/.  xlviii,  6),  Stpnhouse  {loe.  ntX 
Strecker(Ann.Ch.  Pharm.  liTJii.  Ill),  and  Hesse  (I'AiV/.  cxrii.  297).  It  is  obtained 
by  prolonged  boiling  of  an  alcoholic  solation  of  lecanorie,  o-orBeUic,  i8-orw*'Ilic.  or 
erythric  acid,  or  by  repeatodly  exhausting  Rocerlla  ttnrt^/i,  or  other  oolour-yi^ldiBg 
lichens  with  boiling  alcohol,  e\-apnmtir,g  the  united  liquids  to  dryncws,  and  IniiJiiig  the 
retddue  with  water.  It  sepamt^s  from  the  aqueous  or  alcoholic  solution  in  cryst.-illioe 
fcalea  or  needlea,  the  molber-Uquor  rrtaining  a  large  quantity  of  orcin  :  it' may  be 
purified  by  recrystallisatiou  from  boiling  water.  Anothor  mode  of  preptirine  it  is  to 
rasa  hydrochloric  acid  gas  in  exce^u  into  a  warm  snturated  alcohoLc  solution  of 
lecanorie  acid,  evaporate  over  the  water-bath  to  expel  the  (neater  part  of  the  hydro- 
chlnric  acid,  and  treat  the  residue  with  water.  Orsellinic  ether  is  then  precipitated  a» 
a  bluckish -green  n'sinous  muss  which  may  be  purified  as  above. 

Etliylic  orsellinate  fonns  dnow-white,  very  thm  lamime  or  needles,  nearly  iusoluble  in 
cold  water,  very  soluble  in  alcohol  and  ether,  as  well  asinalkahne  solutions,  whence  it  ia 
precipitated  by  acids  in  its  original  state.  The  aqueous  solution  is  neutral  to  test-paper. 
It  quickly  turns  brown,  especially  whrn  dissoWea  in  a  fixed  alkiiU.  Thp  ammoninod 
solution  assumes  a  wine-red  colour  whrn  exposed  to  the  air.  It  melts  without  loea  of 
water,  at  a  temperature  above  120°  (Heeren) ;  at  104-5°  (Kane);  and  solidifies  to 
a  crystuUine  mass  at  127*5''  (Hesae);  when  heated  in  water,  it  melts  at  IOC.  It 
may  be  sublimed  without  decomposition. 

Gthylic  orsellinate  dissolves  in  caustic  alkalis,  also,  according  to  Hesse,  in  boC 
nqneous  carhonaU  of  sodium,  and  is  reprccipitut'ed  by  acids  in  the  crystalline  state. 
When  boiled  with  alkalis,  it  gives  off  alcohol  and  yields  orcin  ;  with  caustic  daryto,  a 
precipitate  of  barytic  carbonate  is  formed. 

The  ether  dissolves  easily  in  uTrrtng  sulphuric  arlil,  and  is  n* precipitated  by  water  is 
its  originfil  j*tate :  the  solution  (urns  brown  whi-n  buihxl.  Nitric  tvid  converts  it  into 
oxalic  acid  (Schunck),  and  if  the  oxidation  be  carofiilly  conduoted,  a  crystalline  body 
is  likewise  formetJ.  which  melts  at  GO*^.  and  appciirs  to  consist  of  C*H'*0"  (Hesse). 
With  bromine  and  chlorine,  orsellinic  ether  form  subistituticn-prfnlurts.     (Hesse.) 

Ethylic  uraellinate  does  not  predpitale  the  nqneoas  solutions  o{  viercurie  chlorijr^ 
evjfric  sulphate  or  neutral  acrtate  of  /«jrf,  but  forms  with  the  /taste  acrtate  a  copious 
precipitate  containing,  according  to  Kane,  806  per  cent,  lead-oxide,  approximatoly 
with  the  formuU  C^H^OMPb-Q. 
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f:thjUc  DichhrorsHlinaU,  CTI»C1*((7H')0\  obuined  by  the  action  of  chlorine  on  an 
(Hhcrt'al  mIuI  ion  of  ethylic  orsellinate,  cr}'ataliiBes  in  thin  pHsmii.  melta  at  162°,  and 
HolidiAfH  tit  159-6°.     (Hesse.) 

KfAi/iic  VibromoraeiliTiatr,  Cfl'Br'fC'H')©'.  prepared  in  like  manner,  raeltsat  144**, 
fi«ili'!iHp4  nt  138°,  and  forms  irith  ncutml  acetate  of  load,  a  white  precipitate  containing 
O"H'Br»Pb"0*.    (Hefise,  Stenhou*e.) 

3.  A  miflic  Orsellinate.  On  boiling  dried  erythric  add  with  amylic  alcohol  for 
a^veml  hours,  nnd  removing  the  excrss  uf  alcohol  by  dtatillatiun,  the  residue  yielded  on 
fitunding,  u  maes  of  lustrous  flaky  crystab  contaminated  with  resinous  mutter  from 
which  it  could  not  be  separated.     (Sienbouse.) 

ORTBZTB.  AHaniU:.  Ccrin, — A  silicate  of  alumininm,  iron.ccnnm,  yttrium,  Ac, 
ocoumiig  in  f^rauite,  gneiss,  syenite  and  gninolar  limestone,  in  8we*len,  Norway, 
Ctn>«nlAud,  the  UraL  some  parts  of  Germaiiy.  and  several  looaiities  in  the  United  Statea. 
Thr  vuHutiLti  eoDtaining  yttrium  were  formurly  calh-d  orthitp,  tiie  rest  allanite, 
and  those  among  tbe  InUer  which  were  rety  rich  in  irun,  wtTo  I'urthiT  distinguished  ua 
cerin,  but  as  these  diflifrences  of  compoaition  arise  iii<*r«ly  from  tbemutuul  replacement 
of  i»»omorphous  constituent**,  and  have  no  effect  on  the  crysUlUnK  form,  they  are  now 
regarded  u-i  uiiesst^utijd,  and  the  name  orthite  is  extended  to  the  whole  group. 

The  crystals  of  orthite  are  muuoclinic  prisms,  homsomorpbonswith  epidote.  Ratio 
of  axes,  a:  b  \  e  *-  0  d6137  :  1  :  U-89U2.  Angle  of  inclined  axes  >-  60"  5'.  The 
cryfttals  are  either  long  and  slender,  or  flat  tabular.  Twins  occur  like  those  of  epidote. 
Cleavage  parallel  to  oP  in  traces.  It  occurs  aUo  massive  and  in  grains.  Hardness  » 
60—6.  Specific  gravity  ^  3'3 — 42.  Lustre  submetaJlic  and  pitchy  or  reeinous. 
oceaeiooally  vitreous.  Colour  pitch-brown,  brownish-blaek  or  yollowmh.  Subtrans- 
lucpnt  to  opnque.  Fracture  uneven  or  rabinnchoidal.  Brittle.  Bctbre  the  blowpipa 
most  orthites  swell  up  and  fu8e,  with  ebullition,  to  dark-coloured  tumefied  glasses 
With  fluxes  tbey  give  the  rc-acttons  of  irun,  miingaoese  and  silica.  Mont  of  them  are 
decomposed  by  acids,  forming  a  jelly ;  stjme,  buwever,  resist  the  action  of  acids  alto- 
gether. 

Analytes:  a.  AUanite  fram  Bygdin-Vand  on  Jotnn^eld,  Korway.  Black:  speetfio 
gtAvity  i>  3*53 — 3*54;  pyrogaomio  (that  is,  exhibits  incandoHcence  when  heated); 
decmnposed  by  acida  (Scbeerer,  Dr  /ifstnlittm  Mlanite,  Orthite,  CeHn,  Gadolinitque, 
distertalio.  BeroL  1849). — b.  J//an((f  from  Snarum  in  Norway.  Brownish-bUok : 
specific  grarity  =  3-79:  ondeeomposiblf  by  acids  (Seheerer). — <*.  C«rt»  from 
Kiddarhyttan,  Sweden.  Specific  gravity  377 — 380.  Undecomposible  (Scheerer). — 
d.  VranortkiU  from  Miask  intbe  VraL  Black:  specific  gninty  »  3647.  Beoom- 
posible  (Rammelsberg,  Miruralckemie,  p.  747). — e.  So-<^led  BucklandiU.  Specific 
gravity  =  3-48— S'Se^Hermann,  J.  pr.  Chera.  xxiii.  273  ;  xliii.  35,  Oil).— /  From  the 
Thuringerwiild ;  parlly  cryHtalliscd  in  the  form  of  epidute.  Black.  Specific  gravity  — 
379.  Undecumpo«ible  (Creduer,  Pogjr.  Ann.  Ixxii.  144).—^.  From  Wornheim, 
Baden,  in  syenite.  Specific  gravity  »  344 — 3-47.  Undeoomposible  (Stifft,  Ram- 
fHtUltcrg^a  Mincraichemur,  p.  746). — A.  Berks  Co.  PennsylvaniA.  Specific  gravity  — 
8-782.    DecompOBible  (Genth,  J.  pr.  Chem.  Idt,  471). 
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Theee  analytical  results  may  be  repreaentod  by  the  general  formula  3M*SiO*.(Al"'; 
Fe"*)*Si"0'='  (M"  denoting  diatomic  iron,  cerium,  yltriuiu,  calcium,  &c.),  both  turms  uf 
which  are  orthosilicatee. 

Xanthortkitr  is  a  yellowish  variety  of  orthite,  of  specific  gravity  2'78 — 2  79,  and 
containing  much  water. 

lyrorthiu  is  an  impure  varieiy  from  the  neighbourhood  of  Fahlnn  in  Sweden,  con- 
taining bitumen.  lierzelius  found  in  it  1043  silica.  3-o9  alumina,  608  ferrous  oxide, 
1*39  mangiiDouH  oxide,  1392  ccrons  oxide,  487  yttria,  1*81  lime,  26'60  watetr, 
and  31-41  carbon  (by  loss),     ll  i»  prubably  Ibe  rtjtidut;  of  decnmpowition  of  an  orthilo. 

JintfrntwniU-  from  Aohmutowsk,  having  tho  form  of  Bucklandit^i  (epidote,  ii.  490), 
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hardness  6*5,  and  ipecific  graTi^  3-46,  wid  eoDtaining  88-88  per  cent  nlio,  M 
Alumina,  9*82  ferric  oxide,  3*82  ferrous  oxide,  3*60  protoxide  of  eeriiun,  luthoK 
and  didymiam,  17'37  lime,  1-98  magnesia,  and  1*60  WHter  (»  97'26),  ia  eon^ 
according  to  Hermann  (Jahresb.  1862,  p.  730^  of  5  molecoles  of  ha^iata 
(epidott-'X  and  1  molecule  of  uralorthitc,  crystallised  tog«tlier. 

A  mineral  f^aUed  Bucklanditc*  from  Laach  in  the  Eitel,  has  been  shown bfT.Kid 
(Jahroiib.  1863.  p.  8U)  to  hare  the  form  and  composition  of  orthite;  it  cootiiM  Sill 
per  ct'ut.  silica,  13*66  alumina,  17'9d  ferrous  oxide,  0*40  masganoiu  oxide,  30-89  coa 
oxide,  11-46  lime,  and  270  magnesia  (=  08-M9). 

A  black-brown  mineral  resembling  orthite,  of  speciflc  gravity  3*44,  and  hslxi 
between  fluorspar  and  apatite,  contains,  according  to  M ichuelson  (Jahnsli.  ISS^ 
p.  Hid),  29-21  pttr  cent,  silica,  2*81  alumina,  6-42  ferric  oxidc^  6-44  arentiL  tT 
glucino,  9*79  corous  oxide,  15'60  oxides  of  lanthannm  and  didymium,  1^3  )t% 
14*93  lime,  0*45  magnesia,  2'45  soda,  and  obO  water. 

ORTBO-CASBOWAXB  or  aTKT&    (0*H*)*CO*.  (H.  Bassett,  CbeB.Si 

J.  xvii.  198.) — This  ether  is  produced  by  the  action  of  sodie  ethylata  on  cUoropen: 

CNO»a«  +   4C"H«NaO     -     3NaCl  +  NaNO>   +   (C*H»)HX)*. 

To  prepare  it  40  grms.  of  chloropicrin  are  heated  with  300  grma.  of  ahsoliitfl  iboU 
totholnjiling  point  of  the  Utter;  24  grms.  of  sodium  are  added  by  small  poxtiooi;aj 
a.s  soon  as  the  reaction  is  finished,  the  alcohol  is  distilled  off  and  vaier  added  to  di 
residue.  Ethylic  orthoearhonate  then  rises  to  the  sorfaee  as  an  oQ  which  must  be  «iM 
with  water,  dried  by  chloride  of  calcium,  and  purified  by  fractional  distillation. 

Kthylic  ortho-carbonate  has  a  peculiar  aromatic  odour,  specific  grarity  ^  WS^ 
and  boils  at  168^ — lec^.  Vapour-density  obs.  =  G'HO;  ode  —  6-65.  It  is  don- 
posed  by  alcoholic  potash  at  the  boiling  heat,  yielding  a  considerTtbln  qnantitTrf 
p<>tas.«iic  carbonate.  When  digested  for  some  honrs  with  boric  anhydride;  it  jA 
acid  cthylic  borate  (i.  650)  and  diethylic  carbon;^ : 

(C«n*)'CO*     +     2FK)»      -      (C»H»)«B«0'     +      (C»H»)«CO». 
OKTBOCIUIBE.     See  Felspab  (ii.  619). 

OBTRO-8AZiT8.    The  prefixes  ortho  and  ^nrta  hare  been  introdoced  by0dlii| 

to  denote  two  classes  of  salts  of  the  same  acid,  which  differ  from  one  anothn  Ij  » 
or  more  molecules  of  metallic  oxide.  WK),  M''0,  &c.,  thft  more  basic  — ifrf  being  oU 
ortho-  and  the  less  basic,  meta-salts,  as  in  the  following  examples : — 

Borates, 


Orthoborate  of  Sodium  .         Na*BO* 

Metaborato    ....  NaBO* 

Difference        .  NaO 


Orthoborate  of  Lead 
Metaborate 


Dif^rence 


Carbonates. 


Orthoearbonalo  of  Ethyl        .  (C^PyCO* 
Metacarbonate       .         .         .  (C^ll^y-'CO* 


DiflTercnce 


Orthocarbonate  of  Calcinin    • 
Metacarbonate 


(C-H»)H) 

nitrates. 


Difference 


Orthonitrate  of  Mercurosum  ,       |:  '/SO* 
Metauitrate  .        . 


ITp'NO* 


Difference 


llg'HO 


Orthonitrate  of  Copper 
Metanitrate 


Difference 


CkW 


OiTW 


Orthonitrate  of  Bismuth 
Metanitrate 


Bi'TJO* 

Difference 


J*ho$phatvt. 

Nu'PO*  I  Orthophosphate  of  Barium  BaW 

NaPO»      Metiipljosfhate  .  ^         BiTO* 

Na'O  I  Difference  .       ""SS 

See    BoBATKS  (i.  640X    Ca*bonjltks   (i  778),    Kitr&tbs  (ir.  82),   FKosnA 

SlUC&TXS,  &C. 


Orthophosphale  of  Sodium 
Mctaphosphate     . 

Difference 


*   Tbli  name  having  hern  nppliod  both  to  orthitr  and  to  a  rnrlrty  i>rppkli)ie  la  beat  stvsa  as  a 


ORTHOSE-OSMIAMIDE. 


Sd9 


OKTHOSfi.     S/n.  with  Okthoclasb. 

OSlviAlff-OSMIC  ACXO.       Syn.  with  OsMfAuio  Acid. 

OSMAKOMB  (from  itr^^odonr.  and  (vfiAi  broth).  A  nHme  applied  by  Th  An  a  rd 
to  ihni  portiuc  of  the  nqueoua  extract  of  meat  vhich  ip  soluble  id  alcohol  and  eoDtuiiiS 
those  conntituents  of  the  fletih  which  det«rmiDe  it#  tiute  and  amcll. 

OBMEZ.ZTS.     Syn.  with  Pbctoutb. 

OSmrAJUZC  ACZB.  H=08*5*0*.— This  acid,  diJicorrred  by  Frit  each©  and 
Pt  ruTi'  (J.  pr.  Chcm.  xli  97),  ia  produced  by  the  aftion  ofummoutaon  odmictotroxido 
in  prpBooce  of  fixed  bases.  The  potawioin-salt,  K*0.s-N'0',  ia  obtained  by  adding 
animoDiu  to  a  hot  aolntion  of  the  tetroxide  in  ^xcphs  of  potash  ;  the  deep  oninge 
colour  of  the  liquid  then  changes  to  light  yellow,  and  the  potatvi  urn -Malt  aepATfttcn  as 
a  y»'llow  eryhtalliuo  powder,  which  may  be  purififd  by  reoyalidlisation  from  the 
least  possible  qoantity  of  boiling  water.     The  reaction  is: 

BOsO*     +     aNH>     +     BKHO     »     3K'0««  N^O*     +     N»     +      15H»0. 

Thn  potjuwinm-fljilt  may  be  convprted  inta  the  silrer-mlt  by  precipitation,  and  from 
this  the  aqueous  acid  may  be  prepared  by  decompoaiiion  with  hytlroi^hlone  ficid.  It 
may  be  kept  for  sumo  days  when  dilute,  but  soon  deeompoees  in  the  concentrated  state. 
It  )H  a  strong  acid,  decomposing  not  only  the  carbonates  bat  even  the  chlorides  of  potav- 
alum  and  Bodium. 

Osmiamic  acid  is  dibasic,  its  salfas  having  the  eotnpoeition  li'Os'yO'  =  M*0.0»*N*0*. 
FritxBohe  wid  Struve  regard  theanhydridf  Os'NH)*  (uotisolatt^d)  lutacompound  of 
OsN*  with  OsO'',  and  call  it  08man>osmicaeid.  Gerhardt  (C-onijjt.  ohim.  1847, 
p.  304),  who  suggested  the  name  osmiainic  acid,  supposes  the  salts  to  contain  1  at. 
oxyfzen  more  than  in  the  fonnula  nl>ove  given,  regHruing  Ihen^fore  rbe  hypothetical 
aiiliydride  as  Os'NK)*,  and  representing  its  formation  (in  the  salts)  by  the  equation 
20hO*  +  2NH»  =  Os^N^O*  +  3H^O;  but.  Fritjsche  and  Struve's  formula  agrcea 
beet  with  the  rampositiun  and  reactions  of  the  salta. 

The  osmiamates  of  the  alkali- itnd  alkiilino  earth-metals  are  soluble  in  water; 
the  lead,  mercury,  and  silver  suits  me  insoluble.  The  fim/mmiiitit-fiaU,  (NH*)'0«*N*0*, 
furms  largeyellow  crystttU  i£omo^ph^^us  with  thn^eof  the  pf>tassium-^alt.  easily  soloble 
in  water  and  alcohol,  and  detonating  at  Vlb'^.  The  Itanum-aaft,  Ba"Os=N^O*,  crystJil- 
lisps  in  vellow,  shininir;  needleH,  mo(!pmtety  soluble  in  water  and  detonating  at  about 
IfiO*^.  the  Uad-mli,  Pb''Os'N'0'.Pb'0  ?,  obtiiinod  by  mixing  an  alcoholic  solntion 
(if  ihepoUissitim  or  ammonium  suit  with  nitrat*'  of  lead,  is  a  yellow,  crystalline  precipi- 
tiUe  wnich  becomes  dark-coloured  during  washing.  The  irurcuric  »alU  obtained  by 
decompoeine  the  silver-suit  with  mercuric  chloride,  forms  prismatic  easily  docomposible 
crystabi.  The  mercurous'Salt  is  a  light  yellow  amorphous  precipitate  which  volutilisea 
quickly  when  heated. 

The  potasatum^salt,  K*Ob*N*0*,  crystallises  in  yellow  dimetric  octahedrons  with  ter- 
minid  angles  of  106°  16' ajid  lateral  angles  of  llfl'^  6'.  It  is  much  less  fiolublc  in 
alcohol  than  in  wat<'r,  inrtoluble  in  ether:  may  be  heated  to  180^  without  altenition, 
but  detonates  at  higher  temperatures.  Heated  wilh  hydrochloric  acid  and  chloride  of 
puroasium,  it  gives  off  chlorine  and  is  converted  into  potassio-oemioso-osmic  chloride 
(chloroamite  of  potassium)  (Claus): 

K«08'N*0*  +   4KC1  +    ISHCl     «     2(3KC1.0»C1")  +   2NH'C1  +   6HH)  +  O** 

The  ^Iver-mft,  A^Os^XK)*.  obtivined  by  precipitwtion.crby  dissolving osmictetroxide 
in  annmmoniftcal  solution  of  the  silver-wiIt  and  HUper^stuniting  with  nitric  acid,  is  a 
lemon-yellow  cryctalUne  powdfr,  T«ry  sliphllj  snluhU  in  water  and  in  cold  nitric  acid, 
eiinily  soluble  in  ammonia.  It  blackens  when  exposed  to  light,  detonates  riolently  at 
ii()9,  also  by  percussion,  or  when  sulphydric  acid  gas  is  paaaed  over  it. 

The  sodutm-^ait  ia  very  soluble  and  crystallises  from  a  syrupy  eolution  in  rather 
large  prismatic  bydrated  crystals. 

The  cinc-aatt  '\&  very  wluble. 

An  ammonitical  rinc-Atdt,  4 N H'.Z n''Os*N 'O *,  separates  on  mixing  an  ammoniacal 
solution  of  osmic  tetroxide  with  a  Einc-salt,  as  a  light  yellow  crystitUine  powder, 
permanent  in  tho  air,  easily  docomposible  by  water,  nearly  insolnblo  in  ammonia. 
Cadmium  forma  a  similar  salL 

OSMZAMtZSE.  The  nnme  given  byFr^my  tothe  compound  N*H*(080'')''.  which 
be  .iuppos'-H  to  exist  in  combination  with  sal-ammoniac  in  the  yellow  BubaLuncoprodticed 
by  digesting  otimite  of  potassium  ia  a  cold  fiolution  of  sal-ammontno  (pp.  244,  246), 

SI^Sutl«l,.!     See  0,K:rM.  Oxn,»  or  (pp.  246.  246). 
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OSMIRIDIUM 


08ACZazx>ruiit  or  Iridotmine, — ^Thn  lutire  allo^  of  iridium  and  osmim 
together  with  plutiuam,  &c.  in  vaiiotu  localidM.  Its  comfKisition  and  propoties  hxn 
bcfQ  nlrpftdy  ^v<td  under  IninatiMiKB  (iii.  326),  and  dcveml  methods  of  deeomponagit 
under  lAiDiux  (iii.  314).  The  foUoiriag  are  additional  mediodfl :— a.  90  grms.  of  Ui 
or**  &ra  mixfd  with  1 80  grms.  salt^iptre  and  90  grms.  caustic  potiiah,  and  the  mixton  ii 
exp<«od  ill  Hi'piirito  portions  to  a  strong  nni  beat  for  im  hour  or  an  hour  and  a  half  ta 
a  liirgf^  nilvpf  (rrucibie,  pliiced  williia  a  hesnian  crucible  containing  nui^e-na,  eid 
molteti  portion  bmng  poured  out  into  au  iron  diah  and  the  still  unde^omposed  nodsp 
hnated  twice  or  thrice  more  with  the  Bamo  quantity  of  Hux,  before  a  fr«ah  portion  of 
the  original  mixture  is  introduced  into  the  crucible.  The  cooled  aiid  pu2rena«d  wmm 
in  then  introduced  into  a  vessel  which  cnn  be  closed,  and  briakly  agitated  for  faff 
hnan  in  a  dark  place  with  14  litroa  of  diatillnd  water,  and  the  clear  deep  onop- 
coloured  solution  {A)  is  decanted  from  the  black  aedinx-nt  (B)  which  Latter  in  waabed 
with  water  in  a  funnel  plugged  with  asbestos.  The  ttolution  A  smells  slightljr  of  onus 
tetroxide,  and  contains  iVee  potash,  nitrite,  osmite.  rutheniate  and  nitrate  of  potaamn, 
tt^i'ther  with  a  smHll  quantity  of  osmic  tetroxidfi ;  no  other  platinum -raetaL  Tb« 
n*aidue  Z7  is  a  velvet-black,  bomowhat  crystalline  powder,  consisting  principaillj  of 
iridic  oxide  and  acid  iridiitte  of  potaj«ium.  with  portions  of  ruthenic  aesquioxide,  ooie 
dioxide,  ferric  oxidr,  and  traces  of  capric  and  pallndte  oxides^all  soluble  in  aeida;  alio 
of  A  residue  insoluble  in  acids  consisung  of  oxides  of  iridium,  platinam^  luid  rfaodii^ 
with  a  certain  quantity  uf  undecompoeed  ore. 

To  extract  tho  ruthoniam.  ifis  ftised  a  second  time  with  the  fluxes  abore  neo- 
tiuoed  ;  the  solution  obtjiined  by  treating  the  fused  mass  with  water  ia  added  to  A; 
and  the  still  undissolved  re^iidue  to  B.  The  solution  is  next  neutralised  with  nay 
dilute  nitric  acid,  whereby  a  black  precipitate  6  is  throvn  down  ;  the  clarified  aohUioa 
a  is  decanted,  and  the  precipitate  consisting  chiefly  of  osmic  hydrate,  OspO'JZ^O, 
Containing  from  16  to  20  per  cent,  ruthenic  seequioxide,  is  wnshfd.  To  separate  tbs 
metals,  this  precipitate  is  introduced  into  a  large  retort  fitted  with  a  luted  and  weB- 
cooled  receiver,  together  with  2  lbs.  hydrochloric  and  3  lbs.  nitric  acid,  and  slowly  and 
carefully  distilled  till  the  greater  part  of  the  acid  has  passed  over,  and  the  roaidoe  is 
the  retort  has  become  viscid.  This  residue  consists  chielly  of  ruthenic  tctxuchloride, 
KnC]^  with  a  small  quantity  of  trichloride.  (For  the  method  of  obtaining  the  meCal 
from  it,  see  RtrrHcrn'M.) 

The  faintly  yellowish  solution  a  still  contains  oxides  of  rutheniom  together  with  a 
lar^  qmintity  of  onnic  tetroxide.  It  is  distilled  with  2  lbs.  of  hydroctuoric  acid  tdl 
nil  the  nnnic  tetroxide  has  passed  over,  and  the  residue  in  the  retort  has  bpcome  ro9e- 
coloured  (from  formation  of  red  ruthenic  chloride);  the  red  liquid  is  concentmted  ;  lbs 
greater  part  of  the  poLas&ic  nitrate  crysUUised  out  i  the  concentrated  solution  thea 
evaporated  to  dryness ;  the  residue  dissolved ;  and  the  ruthenium  precipitated  from  the 
solution  by  sulphide  of  ammoninm,  with  addition  of  h  little  free  acid.  The  osmie 
tetruxido  obtained  at  the  same  Lime  may  be  septmited  by  fractional  distillation ;  or  the 
solution  containing  it,  may  be  treated  accorditig  to  Frimy's  method  (Ann.  Ch, 
PhjH.  [3]  iii.  o2U,  by  mixing  it  with  aiustk*  potash  and  a  little  ulrohol,  and  adding 
pulreri.Hed  stil -ammoniac.  The  grciter  ptut  of  tli*^  otimiom  is  then  thrown  down  in  the 
form  of  ft  compound  of  osmiamic  acid  with  sal'iimmonioc. 

The  [)Owder  B,  which  contuin.s  coDfliderable  quantities  of  ruthenium  and  osmium,  ii 
distilled  with  excess  of  nitromuriatic  acid  till  the  whole  of  the  osmic  tetroxide  haa  paased 
over;  and  the  residual  liquid  is  strongly  concentratrd  and  left  to  cool,  whereupon  it 
dppositH  the  greater  part  of  the  iridium  as  black  chloriridiate  of  potassium,  K^Ir'^Cl*. 
The  roother-Hqnor,  after  filtratinn,  is  mixed  with  ft  little  sal-ammoniac  to  throw  down 
the  rest  of  the  iridium ;  filtered  after  standing  frnim  the  crystoUino  precipitate  of  chlor- 
iridiate of  ammonium ;  and  the  liquid  is  then  mixed  witli  a  large  quantity  of  powdered 
snl-ammoniac.  The  resulting  brown  crystalline  mass,  afler  wnshing  with  sai-ammooiae 
and  weak  Hpirit,  yields  rulh^^nium  in  the  form  of  the  double  salt,  (NH*)"Ilu'*Cl*, 
(Clan^  N.  Petersb.  Acad.  EulL  v.  4fi3;  JaWsK  18GI,  p.  322.) 

&.  The  following  methud  of  treating  Califomian  osmiridium,  which  oontaina  •  eos- 
sidcruble proportion  of  ruthenium,  is  given  by  Gibbs  {Sill.  Am.  J.  [2]  xxxi.  53).  Ths 
ore  ia  first  freed  from  silica  and  other  impurities  by  fusion  with  3  pta.  dry  carbonate  of 
sodium,  and  subaoqnont  Liziviatioo  ;  1  pt.  of  it  is  then  fused  with  I  pt.  caustic  potash  and 
2  pts.  saltpetre ;  and  the  cooled  mass  broken  into  lampa  is  boiled  with  water  containing 
^  of  its  bulk  of  strong  alcohol,  till  completely  disintegrated.  The  liquid  together  with 
the  lighbpr  parricles  of  oxide  is  then  decanted,  and  the  residue  is  a^iu  treated  with 
water  and  decanted  after  standing  for  some  time.  There  is  thus  obtained  a  solution  of 
potassic- osmite,  a  lai^  quantity  of  bla^ck  oxides  (probably  a  mixture  of  RaO\  RuK)', 
or  their  hydrat^-s)  and  a  coaree  heary  powder  chiefly  cnnwisting  of  undecompoeed  ore. 
The  latter  is  nfcnin  fu^ed  with  hydrate  and  nitrate  of  potaabium,  and  the  melted  mass 
treated  as  abore.     The  solution  containing  the  potaasic  osmito  and  tho  salts  of  the 
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ftlkuH-mBtjiIii  in  dpnuitf^i  fVom  the  d^pcMiCet)  bUok  taidnti  BtilleonUiningoamium  ;  and 
thes«  oxides,  alter  WHsbing  with  hot  water  dud  Hteohol,  arc  introduced  into  a  capru-iuaa 
retort  prorided  with  a  safety-tabc  and  oonnecred  with  a  tiKht-fitting  cooled  receiver, 
which  a^in  is  oonoeeted  by  wide  tnbf«  with  two  or  three  Woolfe's  botUeii  eootaining 
a  strong  solntion  of  potAsh  aiid  h  little  alcohoL  A  Urge  excesa  of  strong  hydrochloric 
acid  is  then  cHUtioualy  p^^ured  through  th«  emfety-tube  into  the  rvlort^  and  afL«r  tli« 
tint  violent  action,  which  causea  a  part  of  the  o^mic  t«troxide  to  ditttil  over  ipfititii- 
npoufily,  ia  over,  the  difltillution  is  continued  at  the  heat  of  a  Mnd-bitlii  till  nu  muM 
oamic  tetroxide  collects  in  the  neck  of  Lhe  rt'tort,  aod  that  which  ia  preTJuuitly  condrosed 
flnwa  out  in  oily  dropa.  At  the  end  of  the  diatillatiou  thu  retort  is  led  to  cool; 
the  receiver  in  discrmnected  from  it  and  c\oti*s\  by  a  cork,  and  the  uemic  tetroxide  ia 
driven  over  by  a  moderate  heat  into  the  Woulfe'H  bottles;  and  tht*  contents  of  the»e 
vr*si»f>lB  HIV  mixed  wilh  the  aolutiou  obtained  by  lixiviutiug  the  ongiiuil  fuaed  mava. 
The  liquid  ^vapunifod  ovpr  the  water-bath  yields  on  ccMjling  cn'HtjiU  uf  (totaMJc  ounile. 
Tlie  molher-liqnor  fontAinfl  only  traces  of  ONmiiim  nnd  i«  wortlib»,HH. 

The  durk  hmwn  solution  poured  out  from  the  rt^tort  ia  evapoi-utcd  to  drynewi,  the 
residue  in  redirtNolred  in  hot  water ;  the  aolution  in  evaporated  again  after  addirioa  of  a 
little  liydroehluric  acid  ;  this  proceas  ia  repeated  till  the  odour  of  oemic  tPtroxide  is  no 
longer  jM'rtHTptible ;  und  a  cold  aaturattHl  aulntion  of  chloride  of  potaasium  in  then  wldcd, 
which  diaMitlvptji  the  chlohdi-s  uf  iron  and  puUiidluin,  while  platinum,  indium,  rhodium, 
and  ruthenium  remain  ihs  double  s&ltA  insoluble  in  a  Mn>ng  solution  of  ehloride  of 
pntassiara.  The  latter  are  well  washed  with  a  saturated  solution  of  potasatc  eldoride, 
which  rfmoveA  almo.-<r  all  the  injn  au<l  palladium,  and  leaves  the  double  chloridea 
together  with  the  insoluble  inipuritieii  uf  the  ore. 

082IKXTOPSIB|  OXZi  OTm  Osmitoptris  o*t4^iJtcoid^-a,  an  aromatic  plant  of  thn 
composite  ordpr  growing  near  Cope  Town,  yields  an  essential  oil  poasessing  tonie  and 
antispasmodic  properties.  It  is  greenish -yellow,  haa  a  burning  taate,  and  a  pungent, 
not  very  agreeable  odonr  recalling  that  of  camphor  and  nil  of  cujejmt.  Sp*H'ific*  pruviry 
«  0*931.  It  reduces  aDaiamoDiaanl  solution  uf  sitvi;r>mtxate  on  long  IxiiJling.  When 
dimilletl,  it  begins  to  boil  at  130",  and  entera  into  regular  ebullition  between  175°  und 
178",  two-thirrts  of  the  oil  pas^iing  over  hetwfwn  thJa  pinnt  and  188^;  th<i  tUerra(mKM**f 
(hen  continues  to  rise  til]  it  reui-hes  208°,  and  a  small  quantity  of  cunmhur  aubUiiifS 
on  the  aides  of  the  vessel.  The  portion  coUected  between  178®  and  182*^  contains  77  » 
per  cent,  carbon  and  11'79  hydrogen,  agreeing  nearly  with  the  formula  C'*HK), 
according  to  which  oil  of  08]iu(u|Mua  is  isomeric  with  borneol  (i.  62G)  audoii  of  c^'eput 
K\.  712). 

OSMXmiK.  Sffmhoi  Oa.  Aifmie  weighi  IflD.^A  metal  belonging  to  (ho  platinum 
eroup,  diacovercd  by  Teunnnt  (Phil.  Trana.  1804,  p.  411),  and  further  examined  by 
Derxeliua  (Pogg.  Ann,  xiii.  4^'  ( ;  xv.  208  and  527).  Fremy,  Conipt.  rend,  xjxviii. 
loas;,  Clttus  (Ann.  Ch.  Phann.  lix.  234;  Uiii.  341;  N.  Pi>tfR.b.  Ac«d.  Bull.  li, 
lu8;  iv.  403;  vi.  14.);  Jiihreab.  1S(S0,  p.  204;  ISGl,  p.  320;  I86:i,  p.  2i^fil,  Deville 
and  JDebray  (Ann.  Ch,  Pharm.  eiv.  227  ;  cxiv.  7«;  Ann.  Ch.  Phys.  [3J  Ivi.  386; 
Jahiesb.  1857,  p.  260,  1859,  p.  231),  and  Gibbs  (Si!L  Am.  J.  xxit.  427  ;  xxxL  63 ; 
Jahreab.  I860,  p.  217;  1861,  p.  328).  The  name  of  the  metal  ia  derived  from  *«•>»»? 
(odour)  on  account  of  the  strong  and  peeoliar  odotir  of  its  highest  oxide. 

Osmium  occurs  combined  with  iridium^  forming  the  allny  called  osmiridivm  or 
trg(Jo^Ai'n«,  in  native  pUtinnni,  partly  in  distinct  white  metallic  grainy  purtly  intimately 
mixed  or  combined  with  the  platinum  and  other  metals,  and  remaining  in  black  sealca 
when  those  metals  are  dissolved  in  aitro-muriatic  acid;  nsmihdiiun  also  occurs  with 
chn)me-iron  in  irite  (lii.  325), 

■  The  gepamtiun  of  u^miura  from  iridium  and  the  other  nip^tals  with  which  it  la 
iijyiociiitod,  depends  chi<fly  on  its  ready  oxidation  by  nitric  or  nitro-muriatic  acid,  or  by 
ignition  in  air  or  oxygen-gas,  and  the  volatility  of  the  oxide  thus  produced.  Thn 
infthoda  of  cflfeoting  thr>  ^eparatinn  have  been  already  described  under  I&n^mi  (iii, 
314—316,  Nob.  1,  2,  4,  6,  7),  and  O^Miiuninii  (iv.  241). 

To  obtain  inetAllic  nsmiam.  the  distilled  osmic  tetroxide  is  dtgeated  with  hydro- 
chloric acid  and  metallic  mpn-unf  in  a  well-closed  vessol  at  140**.  The  osmium  is 
reduced  by  th*- mercury^  and  an  amalgam  formed,  which,  when  dJ«tillFHi  in  n  rctnrlthrrm^h 
vhich  hydrogen  ia  paased  till  all  the  mercury  and  calomel  are  expelled,  leaT*>8  osmium 
as  a  black  powder  without  metAllie  lustre  (Berxelins).  Metallie  o.«(Tnium  may  iiJmt 
be  obtaiuFid  by  digeiiting  osmio  tetroxide  with  hydrochloric  arid  and  metallic  zinc, 
(Va  u  q  u  e  I  in), — or  by  paaeing  the  vapour  of  the  tetooxide  mixed  with  hydrogen  thmiigh 
A  glass  tube  heated  to  rednesa  for  about  an  inch  of  ito  length,  the  osmium  Wing  thera 
deposited  as  a  eompai-t  metallic  rin^  (Iterxelius),  or  hy  igniting  a  mixture  of 
ehtorosmiate  of  ammijuium  with  sal-ammoniac  (Bt-rKelius). 

riie  following  is  the  method  mlnptrd  by  Deville  and  Dab  ray.  A  yvrj  iuliouUa 
Vol.  IV.  Xi 
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nixtnre  of  osmiridium  with  6}  prs.  bariuni -peroxide  is  hfat«d  for  rd  boor  or  t«o  ii » 
WfU-cloMd  •arth*'!!  crucible  lu  the  melting  point  of  ailver;  th?  resultiDg  blw^  nam 
eoMiKly  powdwad  i»  drenched  in  a  glxM  retort  with  »  little  w&tT.  And  th«D  villi « 
mixture  of  8  pta.  hydrochloric  tind  I  pt.  ordinary  nitric  acid;  the  mixtore  ia  diatiU«dc 
a  Tftort  prorideil  with  a  cloeely  tilting  and  well  cooled  recfiTer  coutaiiniog  aqvam 
animoniH,  as  long  aa  Taptjura  of  omnic  tetroxiile  eontinoR  to  pHsa  over;  the  oaoiatetf 
aniraoDiam  thus  ubtaiccid  19  aoperaatnrated  with  aulphydric  acid  ;  thts  liquid  ooDtanuif 
tlie  Duapended  sulphide  of  oamium  is  boiled  for  aome  timo  and  filler^ ;  and  tan 
sulphide  of  osraium  in  dritsl  at  a  regular  teraperatore,  as  it  might  take  fire  if  too  stfoag- 
ly  hoatod.  The  drivd  anlphide  is  then  introduced  into  a  crucibl«*  tniide  of  gaa-«ok^ 
poliahed  on  ita  inner  surface,  and  flitfd  with  a  wtdl-grouud  cuver,  and  ihia  cxvciUp, 
placed  within  aa  earthen  crucible  contaiDing  sand  and  likewise  well  cloaed  wiU  a 
grnnnd  cover,  is  exposed  for  four  or  six  hours  to  the  melting  heat  of  uickeL  The  bbI- 
phidt;  of  osmium  in  thereby  reduced  tu  the  metallic  sttite. 

Properties. — The  properties  of  metallic  OHmiuro  rary  according  to  the  mods  d 
preparatiou.  In  the  pulverulent  state  it  is  black,  destitute  of  metallic  loatre,  whk<ei 
nowever  it  acquires  by  burnishing,  and  has.  aooording  to  B<*rseliu6f  a  denaitv  of  only  7; 
but  in  the  compact  state,  aa  obtained  by  BtsrzvUus's  mtHhod  ubove  deacribed,  it  exbit'its 
xnetoillic  lustre  anda  density  of  10.  When  reduced  by  tho  wet  way  it  hosa  bltiish  tiug^.  ll 
is  malleable  enough  to  bnu*  rolling  into  thick  pUtes,  but  is  panily  rrdnced  t4>  powdar  mtAtf 
tho  hammer  (Berzelius).  Ddillf  and  Debray,  by  the  mr-thod  Jost  deacnbe^f 
o1>tained  it  in  easily  diTiAible  lumps  liaving  a  bluish  colour  lighter  thian  that  of  oa&i 
It  may  be  reduced  to  a  more  compact  state  by  heating  it  to  the  ni«-lting  point  t|' 
rhodium,  when  it  attains  a  density  of  21*3  to  31'4.  When  heatfKl  with  7  or  d  tin** 
its  weight  uf  riuc  in  a  charcoal  crucible  to  bright  redneos,  it  iliw*olve9  in  the  na^ 
aeparates  on  slow  coohng  in  theiTystalUne  state,  and  remains  after  the  cine  ha»  hett 
removed  by  hydrochloric  acid,  as  a  rtry  hard  crystalline  powder.  If  cwmiura  beiBelt«d 
with  irinc  and  th*  resulting  alloy  treated  with  hydruchloric  acid,  the  whole  of  ih* 
oftmium  remains  undisisolved  aa  an  amorphous  very  inflammable  powder;  but  if  the 
zinc  be  expelled  from  the  alloy  by  a  strong  heat^  and  the  r»^maining  (v>miam  faralMJ  ia 
a  charooal  crucible  befom  an  oxy-hydrogen  blowpipe  capable  of  melting  rhodiom,  ths 
osmium  is  obtained  as  a  bluish  metallic-shining  moss,  having  the  density  of  2I'-i.  bird 
cnouch  to  scratch  glow,  not  however  quite  compact,  but  penetrated  by  cavitirs.  At  s 
still  higher  temperature,  capable  of  molting  nilht-nlum  and  iridium  and  volatilisiog 
platinum,  osmium  likewise  rolatiliaea,  but  still  doen  not  melt;  it  is  in  fact  the  mentis- 
fusjlilF'  of  nil  metals. 

Osmium  in  the  6nely  dirided  state  is  highly  eombiistible:  continuing  to  bum  wba 
Bf^t  on  fire  till  it  is  all  volatilised  as  totroxide.  In  this  state  alao  it  is  easily  oaidisfd 
by  nitric  or  nilro- muriatic  acid,  bi'ing  converted  into  tetroxide.  But  after  expweure  to 
a  red  heat,  it  becomes  much  less  combustible  and  is  not  oxidised  by  nitric  or  nitjo* 
muriatic  add  (Berielius).  Osraium  which  has  been  heated  to  the  melting  pcnni 
of  rhodium  does  not  give  off  any  vapour  of  tetroxide  when  heated  to  the  melting  point 
of  einc,  but  takes  fire  at  higher  tempenitun«.     (Deville  and  Debray.) 

08M1U2IC«  CHZiORXSXIS  OV>  Osmium  forms  three  chloridea  having  the 
formula  Ost'P,  OsCl',  and  OsCl*.  A  hexchlnride  OsCl*  is  also  said  by  BerzeUnsIo 
exiftt  in  certain  double  salts ;  but  its  existence  is  not  well  established.  Theiw  is  ao 
chloride  corresponding  to  the  1<:troxidc. 

XHolilorlde  of  Oamlum  ur  Oamloua  Chloride.  OsCl'. — Wh^n  pnlveriaed 
osmium  is  heiiti^  in  perfi-'^-Lly  dry  chlorine  giu*  free  from  air.  there  is  formed,  fin-t  abJas- 
bjack  subhmate  of  osmious  chloride,  then  a  red  sublimate  of  osmicclUoride.  OaCl*.  (The 
green  chloride  mentiuned  by  Berzelius  is  formed  only  when  moisture  is  not  eom- 
plelely  excluded.)  The  osmious  chloride,  which  is  produced  in  relatively  amsU 
qunnlify,  and  is  diffii-ult  to  obtain  pure,  difisolvoa  in  watrr  with  dark  1  ioI«t-lilue 
colour.  A  similar  aolutioD  may  be  obtained  by  dissolving  osmious  hydrate  in  hydro- 
chluric  acid,  ur  by  the  action  of  nnlucing  agen^  (such  as  sine,  tannic  acid,  fem'xryanidt 
of  potSADium,  or  alcohol)  on  a  bolution  of  the  tri-  or  tetra-chloridc  ;  but  it  is  vrry 
unstable,  oxidising  as  quickly  as  ferrous  chloride,  and  changing  in  colour  to  djirk  red, 
and  ultimately  to  tpUow.  TIip  addition  of  cbloride  uf  potassium  renders  it  more  stabl^ 
by  forming  a  double  salt     (Clans.) 

Trtdalorlda  or  Oamloao-osmlo  GUorldo.  OsCl'. — ^This  compound,  which  a 
also  very  nnstabl^  and  Qtnnotbo  obtained  in  the  free  st^le,  is  coutainea  in  the  aolutioa 
produced  by  diwwiving  the  mixture  of  tho  di-  and  tri-chlori<lfa  resulting  from  the 
action  of  eblorim;  on  pulvtristd  osmium,  in  water.  The  stdutiun  Iiba  at  fin»i  n  chromt- 
green  or  blue-preen  colour,  but  soon  becomes  purple-violet,  from  formation  of  tri- 
chloride, und  finally  colourless,  in  conp«»<juence  of  the  re»olutiou  of  this  compound  into 
oaniic  tetroxide,  hydrochloric  add,  anda  mixture  of  osmious  and  osmic  oxidca  which  is 
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thrown  down  la  the  form  ofa  black  powder.  The  trichloride  is  nomt'timefl  also  formed 
by  tmttting  a  ftoltiKoD  of  f  he  yellow  t*»tnwhtoride  with  a  largo  quftntity  of  hydrodiluric 
ftcid,  or  by  the  acHon  of  sniphydric  acid  OD  a  solution  of  oamie  U'troxide  containing  A 
lanpe  quantit}^  of  hydrochlonc  acid. 

Potojufio-i^miosii-otmic  chloride  or  Chiorotmitt  ofPoiauium,  K'OsCJl*  or  SKCl.OaCl*. 
is  produced^  togf^tber  with  potassio-oflmic  chlondf-,  when  a  mixture  of  polvcriaedonnium 
and  chloride  of  potAssium  is  strongljr  igcitod  in  chlorine  f:;an.  Ondiaaolving  tbeignitMi 
mas!i  in  water,  and  cTaporatinff,  the  o8mic  salt  crj'stallisee  out  first,  and  afterwards 
the  oemioao-^smic  salt  in  small  quantity.  The  latter  ia  more  oasily  obtained  by  the 
action  of  hydrochloric  acid  and  chloride  of  potassium  on  OHmiamate  of  potasainm 
(p.  230):  a  concentnted  aqueous  solution  of  osmic  tKroxide  ia  mixed  with  caustic 
potaith  and  ammonia,  than  saturated  with  dilate  hydrochloric  before  it  tnma  yellow 
and  depoaita  osmiaxnate  of  potassium  and  quickly  evaporated  to  dryness  over  tiia 
«at«r-bath  ;  and  the  residue  is  freed  from  sal-ammoniac  and  chloride  of  potassium  by 
QUvAil  washing  with  ice-cold  wat^irr. 

The  double  chloridi*  ia  thus  obtjuned  in  dark  red  or  red-brown  crystala,  3Kd.0sCl'. 
3H'0,  which  give  off  half  their  water  by  tfRorcM-ncv  in  the  air,  becoming  roeo-red  at 
the  same  time,  and  the  whole  between  ldu°  and  ISU°.  It  disaolTea  easily^  with  deep 
cherry-red  colour  in  water  and  in  aJcohol,  bat  is  insoluble  in  ether;  has  a  nauseouB 
strongly  astringent  taste,  and  doooni poke's,  especially  when  boated,  tumiug  brown,  and 
yielding  a  black  oxychloride.  The  aqueous  soIutioQ  gives  with  pottuk,  ammonia,  or 
earbonaie  of  poUnusiun,  a  browuifih-rcd  precipitate  of  hydratcd  osmioeo-oamic  oxide, 
which  dissolTes  in  ammonia,  but  only  partially  lu  pota&b  (and  is  precipated  therefrum 
at  the  boiling  heat.  The  same  solution  gives  with  nitrate  of  tilver  a  dirty  grey-brown 
precipitate  soluble  in  ammonia.  Heated  with  tannic  acid,  or  alcohol  (with  addition 
of  hydrochloric  add)  it  is  rwiuced  to  the  blue  dichloride.  With  »ulphydric  acid  and 
sulphide  of  ammofjum^  it  yields  brown-black  sulphide  of  osmium,  inaoluble  in  sulphide 
of  ammooitmL     (Claus.) 

Ammonio-osynioso-osmie  Chloride.  3NH'ClOsCl'.3HH!),  resemblM  the  potoasium- 
oalt. 

Tetraemorlde  of  Osmlnm  or  Osmlo  (Hilorlde.  OsCK — Thia  ia  the  r^  com- 
pound which  constitutes  the  principal  part  of  the  product  obtained  by  igniting  osmium 
in  I'hlortnc  gaa.  It  disaolves  with  yellow  colour  in  wat^rand  alcohol,  and  is  decompoAorl 
quickly  in  dilute  solution,  more  slowly  in  presence  of  hydrochloric  acid  or  metallic 
chloriapa,  yielding  a  black  precipitate  of  osmic  oxide  an<l  a  aolution  of  oamic  tetioxido 
and  hydHh'hlonc  acid. 

Osniic  chloride  unites  with  the  chlorides  of  the  alkali-metals  forming  salta  sometimes 
called  cblorosmates.  From  the  aolutions  of  these  cvalts,  aulpHydric  acid  nad  stdphtUe 
^fauunonium  slowly  precipitate  ayellow-brown  sulpliide  insoluble  in  alkaline  sulphides. 
Niirait  of  itiiver  forms  an  olive-greea;  stanru>u4  chforide  a  brown  precipitat«.  Tonnio 
acid  on  beating  prodm^ea  a  Uue  colour,  but  no  precipitate ;  ferrtxtyanide  (fpotauium, 
flrst  a  green,  then  a  blue  colour ;  iodide  of  potasxium^  a  deep  parple-rcd  oolour.    Polaak 

S'ves  a  black,  ammonia  a  brown  precipitat«,  slowly  in  the  cold,  immediately  on  boiling, 
etallic  J<7k7  and  furmatc  of  sodium  torow  down  meta.llic  osmium.     (Berxeliua.) 

Anwionid'onmic  Chloride  or  Chhrosmatf  of  Ammonium^  2NH*CL0sCl*,  ia  formed 
on  mixing  a  Bolution  of  the  sodium-Bait  with  aal-ammoniae,  as  a  red-bmwn  precipiiate, 
and  sepiiratea  from  the  mother-liquor  in  black-brown  octahedrona.  It  is  ereo  more 
dscomposible  than  the  potaitaium-salt,  and  iMves  when  ignited  a  residue  of  spongy 
oamium.     (Claua.) 

Argento-ostytic  Ckloridt.  2AgC1.0flCl*. — Obtained  as  a  dirty  green  precipitate  on 
adding  ammonia  to  the  aolntion  of  the  sodium-salt  (Clans).  In  runUct  with  ummonia 
it  is  converted  into  a  minium-red  very  unstable  compound,  Ag'OsCl*.2NH',  soluble 
withyellow  colour  in  a  large  quantity  ofwster(EichlBr,  JiihrpHb.  1860,  p.  216,  Glaus). 
The  same  compound  is  formed  on  adding  nitrate  or  aramimio-chloride  of  Htlver  to  a 
solution  of  potosaio-osmie  chloride  contuining  ammonia.     (Kichler.) 

Potaxsio-^mic  Chloride.  K'OsCl*  or  IKCl.OsCl*,  is  obtain<Hl  by  gently  igniting 
a  mixture  of  chloride  of  potassium  and  mc^talLic  oemium  in  a  stream  of  chlorine 
(Barielius),  op  by  precipitating  a  solution  of  the  sodium-aak  with  chloride  of  potas- 
sinm  (CI a  u all.  It  forms  nrowu  or  minium-red  octahedrons,  sparingly  soluble  in  water, 
insoluble  in  atcohoL  Fuper  moistened  with  th«  aqueous  ffolution  acquire*  a  blue  colour 
not  removable  by  washing  (BerKelius),  The  aqueous  aolulion  becrimea  greenish 
oflor  a  while,  and  black  on  Iniiiing^  the  osmic  chloride  being  decnmpoae^l  in  the  man- 
ner above  mentioned.  Pottuh deco\oT\se&  the  solution,  and  on  boiling  throws  down  a 
blue-blftck  precipitate  of  oamic-hydrate.  Diliitn  amrnonia  tjirt^ws  dovn  a  yellowiab- 
white  precipitate  which  cbangea  after  a  while  into  a  brown  ammoniacMl  compound, 
N^H»OhO'.     (Claufl.) 

Eichler  (Jahreab.  1860,  p.  2U)|by  diRsolvinghypo-oamiteofpotassiom,  K'O.SOsO* 
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(oliUUDed  by  expoeias  an  alcoholic  (toluHon  of  the  osmite,  K'O.ObH)*  (p.  S47),  bo  «» 
nhiim),  in  oold  hjdro^orio  add,  obUiDud  a  <Urk  violet  soluttun  of  poUMOO-aniuc  cUo 
ridt',  which  wm  mon  mdiijr  diK*oinpoable  thiui  the  greenish -yeUow  aolnbon  v( 
octabodnil  doubio  ault  abore  deecribcd,  inastanch  as  it  garc  with  potaab  an  tmmai 
block  prfcipitate  of  osmic  oxide,  a  nmilar precipiUt«  vilh  a  binall  quaottty  oitmrnoKm^ 
also  with  pQOBphato  of  sodium.  By  exposure  to  the  air  it  w&s  gmdually  <oBTf«Udiil» 
the  yellow  Bolation  of  the  octah<>dral  aalt.  [  ?  Did  oot  thia  violet  ■olatsoa  eoaWa 
osnuous  as  well  as  osmic  chloride.] 

Sodith-o^mic  chloride^  2NaCL0sCl*,  prepared  by  heating  a  mixlTire  of  snlpbtds  of 
csmiom  and  chloride  of  sodium  in  a  cnrreat  of  moist  chlorine,  rTystallxscB  io  ona^ 
coloured  rhombic  prismsan  inch  long,  euaily  soluble  in  water  and  in  alcohoL     (Clata) 

Rexcblortde  of  OamlniD*  OhCI*  ? — Not  known  in  the  ft«fi  stat«,  bat  said  l^ 
Berzeliaa  to  be  obtained,  in  eombinntion  with  ohloride  of  atnraoninm,  when  s  mL 
utiun  of  uHrnic  tetroxido  mixed  with  ammonia  is  treated  with  bydnx^hloric  acid,  mm*- 
cury  being  also  placed  in  contact  with  it  Ailer  a  few  days  the  liquid  loses  tht  odam 
of  osmic  t^troxide,  and  leaves  the  double  chloridn  on  evaporation  in  brovn  dendtitie 
cijstals. 

OBlMEXirSK,  ASTBCTZOV  AVD   XSTXMATIOV  or.       All  o«iminn-«aD- 

potinda,    when  boiled  viitli  an  fxcces  of  nitric  acid,  give  off  the  unpleasant 
odour  ofo^mic  totroxido.     By  ignition  in  hydrogen  gue,  they  are  reduced  to  meljUifi 
osmium,  which  as  woll  as  the  lower  oxides,  emits  the  same  odour  when  hoat«d  incftnt^t 
with  thfl  air,     Those  which  contain  iridium,  however,  offer  grentcr  resistance  to 
BCtiuD  of  oxygen  or  oxitUsing  ui^ents  thiin  thueo  which  are  free  from  that  metal. 
compounds  should  first  he  reducfd  bv  hydrogen  to  the  state  of  an  alloy  of  oamium 
iridium,  in  which  stato  small  quantities  of  osmium  are  more  easily  detected  by  oxi- 
diitiun. 

For  the  n'ScHonii  of  osmium  salts  in  solution,  see  pp.  243.  246. 

QtumtiUUiVc  FMimatiitn  and  Stparation.  Osmium  is  genenilly  ovtimatMiI  tn  ttrt 
metallic  state.  The  beet  modi*  of  eopamting  it  from  the  metubt  with  which  it  is  osiulljr 
aL*c'om[}anied,  is  to  vnlutllise  it  in  tLe  form  of  osmic  letroxide — by  distillattcm  wftii 
nitrorauriatie  acid,  if  the  compound  be  perfectly  soluble  therein,  r>r  by  roaatingj 
stream  of  oxygen — receiving  the  vapourp  of  osmic  acid  in  a  strong  i«ol«tion  of 
and  to  reduce  the  resulting  ult,  by  the  iid>^itir<n  of  a  few  drop4  uf  alroliol,  to 
potassium,  which  is  insoluble  in  [he  atcohnlic  liquor.  The  oemite  of  pnta<mam  ix  thn 
digented  in  a  cold  Bolntitm  of  Rid-nmmoniiic,  whereby  the  cnmpnnnd  2NH*C1.N*H*0»0' 
is  produced,  and  the  osmium  rfdaciHl  to  the  metallic  Mate  by  igniting  thio  last-meo* 
tioiied  compound  in  a  current  of  hydntcen  gas.     (FrAmy.) 

Another  mode  of  proceeding  is  to  eniideiiBc  the  acid  vapours  evoI\-p<?  hy  difltTTlmu  i 
compound  of  oemium  with  nitro-muriatic  acid  in  a  well-eooli^d  re«'ivor,  and  ppeeipitat*^ 
the  osmium  fmm  the  solution  by  metallic  mercury.  A  prtHnpitiite  is  thereby  obtained 
consisting  of  calomel,  a  pulreniient  amalgam  of  osmium,  ond  mctiillic  mcrcmy  eon* 
taining  a  very  small  qunntity  of  osmium.  This  mixture  is  hented  in  s  gliu**  bolb 
thnmgh  which  a  stream  nf  hydrogen  is  passed,  whereupon  the  mercury  and  itc  chloride 
volatilise,  and  metallic  osmium  is  left  in  the  form  of  a  black  powder.  The  liquid,  how- 
ever, utill  r*»tjiin9  a  small  tpinnlity  of  osminm,  which  may  w  isttlated  by  satunting 
with  ammuuisi.  t-vaponiling  to  dryness,  and  CJilcining  the  residue  (Berzelius)i.  Tb# 
osmium  may  also  hm  prucipitjited  from  I  he  dietilJu-Ml  liquid  by  sulphydric  acid,  the  sol- 
ution, after  complete  saturation,  being  left  for  seveml  dnys  in  a  stnp[>ere(i  bottle,  tiH 
the  tinlphide  of  (•*mium  in  oomplvtiiv  ibp<jsited.  The  sulphide  is  then  washed,  dri«d, 
and  weighed;  but  as  it  is  Hpt  to  retain  moisture,  tind,  morenrer.  oxidr«»-«  tn  a  nrtaia 
extent  in  the  air,  the  method  is  not  very  exact.  It  is  recommendMi,  however,  for  the 
efitimiitifin  of  small  quantities  of  osmium,  the  method  of  precipitation  by  mercury  beisf 
belt^T  adoptfd  for  larger  quantities. 

The  mi)st  difficult  of  all  compounds  of  osmium  to  decompose  is  the  native  alloy  of 
OHmium  and  iridium,  egpeoially  the  pale  variety.  The  difficulty  arises  in  a  gr«at  ms*- 
Huro  from  the  extreme  hardneM  of  the  mineral.  The  best  methml  of  disintegrating  H 
is  ihivt  given  by  DeviUe  and  Debray,  which  consists  in  igniting  it  with  six  tines 
its  weight  of  pure  einc,  till  the  latter  is  completely  volatilised.  The  osmiridium  is 
then  left  behind  as  a  spongy  mass,  easily  reiiuced  to  very  fine  powder.  The  dMoa- 
poflitioa  may  then  bo  eSbeted  by  ipnitin^  the  putvorised  mineral  mixed  with  chloride 
of  sodium  in  a  stream  of  chlorine  (Wuhter);  or  by  ignition  with  nitrate  and 
hydrate  of  potassium  (Clans);  or  with  chlorate  and  hydnUo  of  potassinm  (Fritxsehs 
and  Struve,  J.  pr.  Chem.  xxxvii.  483);  or  with  p-»roxide  and  nitrate  of  baritm 
(iDeville  and  Debray").  See  Ikidium  (iii.  :J14)  and  0.<»iiiiiinvsi  (iv.  241). 
.  Atomic  vtiffht  of  0«mium.  — Bercelius  determined  the  atomic  weight  of  ihia  metal  ty 
beating  potAUiio-oatnic  chloride,  2KC1.0sCl\  in  a  current  of  hydrugeo,  1-3165  gnn.  of 
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the  mTt  leurinfE  0-401  gnn.  KCl  and  0*635  gmu  (xnnioin ;  henee,  if  ECl  *  174*6,  w« 
find  Oh   «    19S-8. 

Ilifferent  numbers  are  however  obtained  by  comparing  the  original  weight  of  the  salt 
with  that  of  the  chloride  of  potHasium  h'ft.  or  with  the  quantity  of  chlorine  given  off 
(0  3806  gnn.).  the  remilt  being  in  the  former  caae,  Oa  «>  198*4 ;  in  the  latter,  Oa  » 
200-32. 

Vriray  (Ann.  Cfa.  Fhyn.  [3]  xiL  361),  from  experimenta  with  oetnic  t4>tT0xide,  the 
details  of  whit^  have  not  bisen  publiahed,  estimates  the  atomic  weight  of  oamiom  at 
109-6. 

The  namlx^r  19!>  may  therefore  he  regard«d  as  Tery  near  the  truth. 

OSMZITM,  OXXBE8  OF.  Five  oxides  of  osmium  am  known,  namely  OsO, 
Os'O",  OsO-,  OeO'.  OaO'.  -The  flrat  three  form  salts  with  acids  ;  the  third  appean  also 
to  act  as  a  wo^k  acid  forming  a  potassium -salt ;  the  fourth  is  also  a  weak  ada  forming 
with  biuics  a  few  salts  called  oh  mi  tea  The  tetroxide,  OsO*.  is  usually  regarded  a« 
an  acid  and  culled  osmic  acid  ;  but  tts  solutions  in  alkalis  are  very  unstable  and  do  not 
yield  definite  salts :  hence  it  cannot  be  regarded  as  a  true  acid  oxidp. 

Protoxide^  or  Oamloita  Oxide.  ObO. — Obtained  in  the  anhydrous  state  by  ignit* 
ing  ottmious  or  potjiAsio-osmi-fU?-  ftufpblte  in  a  stream  of  carbonic  anhj^dride.  A  blu^ 
hli-'k  hydrate,  probably  ObH'O-,  is  produced  by  heating  oamious  sulphite  with  strong 
potjftsh  sohition,  in  a  claimed  vefi.-rL  When  rwcently  prepared  it  forms  with  hydrochloric 
acid  a  blue  Bolution  which  howevpr  quickly  b«comta  nolot^  dark-red,  and  finally  yellow, 
oxidising  in  fn^t  an  quickl}'  as  >t  aoluiion  of  a  ferrous  salt  (Claue\  B^'rzelinfi  by 
precipitatine  potassio-osraious  chloride  with  [Kitsjih,  obtained  a  greeaibh- black  hydrate 
which  dissolved  slowly  in  acids,  furming  gri^eu  Eolutiims. 

Osmwus  sulphite,  OsdO',  is  obtAined  by  mixing  an  aqueous  solution  oftbetetroxide 
with  sulphurous  acid.  The  liquid  then  turns  yellow,  red  and  finally  deep  indigo-blue, 
and  when  evaporated  or  heated  with  suJphntA  or  carbonate  of  sodium,  deposits  the 
salt  as  a  blue  jelly*  which  easily  oxidises  while  moist,  but  forms,  when  dry,  a  very  stable 
powder  of  a  dull  black-blue  colour.  Tha  salt  is  icsoluble  in  water,  but  dissolves  in 
hydrochloric  iicid  with  fndigo-blue  colour,  and  without  eToIulion  of  sulphurous  anhy* 
dridc.  It  is  decomposed  by  potash  at  the  bailing  heat,  and  is  resolved  by  heat  into 
sulphide  of  osmium,  osmic  lelrojude  and  sulphurous  acid,  the  two  latter  of  which  how- 
ever easily  reproduce  the  original  salt.     (C Uus.) 

Potassio-camious SiUj>hae.  3K'30'.OaSO".fiH-Oor  J^^.^1?0*.6H'0.— Potassio-osmie 

chloride  heated  with  aqueous  Bulphuroas  acid  bpcomes  colourless  and  deposits  this  salt 
as  a  white  pulverulent  precipitate,  which  when  dried  forms  a  light  crj'stjilline  powder 
having  a  tinge  of  rose-colour:  It  diasolves  slightly  in  water,  and  has  a  scarcely  per- 
ceptible lustre;  decomposes  at  180°,  asBUming  a  dingy  violet  colour.  (Clnus,  Ann.  Ch. 
Pharm.  xiii.  3.56  ) 

Acid  Oitmiotu  SntphiU  toith  CVaride  of  Poteutiun.  6KC1.0bS0'.S0» — Formed 
by  treating  the  laftt-describefll  salt  with  hydrochloric  acid.  It  is  a  brown-red  crystalline 
anhydrous  salt,  very  soluble  and  baring  a  sharp  taste.  (Claua,  Ann,  Ch,  Fharm. 
lirii.  37fi.) 

Sesqnlozfde  of  OsnUunif  Os'O',  is  obtainod  by  heating  either  of  the  double 
aalu  of  the  trichloride  (p.  244)  with  carbonate  of  sodium  in  a  stream  of  carbonic  anhy- 
dride. It  is  a  black  powder  insoluble  in  acida  The  Kydratr,  Os'0'.3H='0?  obtained 
by  precipitation,  haa  a  dirty  brown-red  colour,  is  aolublo  in  acids,  but  does  not  yield 
pure  salts. 

IMoxlde«  or  Oaxnlo  Oxldo^  OaO',  is  obtained  as  a  black  insoluble  powder,  by 
beiiting  vobissio-oamic  chloride  (p.  246)  with  carbonate  of  sodium  in  a  stream  of  carbonic 
anhydride  (Berzelius,  Claus),  or  in  copper-red  metallic-tvbining  lumps,  by  heating 
the  corresponding  hydrate.  Osmie  hydrate,  O90'.2H'O,  is  obtained  by  precipitatitig 
a  wlulionof  potassio-osmic  chloride  with  potash,  at  the  boiling  heat  (Herzeliua, 
CUua),  or  in  greater  purity  by  mixing  a  Bolutiun  of  potassic  oaniile  (K^O.OsO')  with 
dilute  nitric  acid  (Clauii): 

20bO»         -         OsO»     +      OsO*. 

It  is  then  prenpttated  as  a  black  somewhat  gummy  powder,  which  dries  up  to  lump* 
having  a  conchoidal  tructure.  It  Is  sparingly  soluble  in  acids,  and  when  heated,  de- 
composes with  Bciutillation,  giving  off  osmic  tetroxideand  hydrogen,  and  lea^nng  osmio 
oxiae: 

208H*0*         =         OflO'     +      OsO*     +     H*     +      2H'0. 
Clans  supposes  that  there  is  also  another  osmic  hydrate,  OsO-.6H*0,  which  is  soluble  in 
potash,  and  is  converted  by  heat  into  the  preceding  hydrate. 

The  anhydrous  oxide  and  the  hydrate  are  both  insoluble  in  acids.    An  oamia  nUpkaU 
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u  said  to  be  oMniuccI  by  dissolriDf^  diaulplride  of  osmium  in  cvld  dilute  nttrie  tM[ 
but  the  only  well-di-tiaed  ooniic  italtM  kimu-u  an  the  double  lalt^  of  osmie  chloride  inA 
the  chlorides  of  tht*  aUuli-inetttla  (p.  246). 

A  oompoond  of  osmJc  uxide  wiio  potash,  IPO.SOaO',  which  maj  be  caIM  Ig^ 
oimUt  ofpotaumni,  is  obtained,  ftccording  to  £ichler(p.  246 1  by  exposing  a  aotvtkn  «f 
0!4mic  tetroxide  inin»d  with  a]c*i>hol  and  excoM  of  potHsh  to  dirwt  Buniihine,  aod  ' 
ing  the  black  prMjipitate  which  Bepamtes  after  a  while  with  dilate  nitrie  ariil 

Trloxlde  of  Osmlam,  0*Jnioux  Anht/dride,  ObO*. — This  oxide  is  not  knovrj 
in  the  free  aUile,  but  uwurding  to  Mallett  (Sill.  Am.  J.  [2]  xxix.  49),  when 
nirtNt  C'btaiopd  by  fusing  pljitinura-Tesidops  with  3  pta.  enlfpctrw  is  distilled  with  rt 
iialphuric  add,  a  mixture  or  compound  of  the  trioxide  with  the  tetroxide  paieea  orfr 
at  the  beginning  of  the  dietillAtion.  and  condenAoa  in  yellow  drops  which  slowly  aoUdifr 
to  a  maM  resembling  unbloached  beeswax ;  at  a  later  stage  of  the  pgoceee  the  tetraias 
ptuKtes  OTer  pure. 

Osmtf0«.*~O8XO'  or  M'0.0»0'.— These  are  salts  obUioed  by  the  actios  of  re- 
ducing agents  on  osraic  tetroxide  in  pn'senee  of  alkalis. 

Ovmite  of  potasgium,  OaKO'.HK),  is  obtained  aa  a  rose-coloured  crystaUine  pow4tf| 
on  adding  a  few  drops  of  alcohol  to  a  solution  of  the  tetroxide  incau^^tic  potash  (oeBSti| 
of  potassium)  or  in  octahedral  crystals  of  considerable  site,  by  xnixiug  the  same  sols* 
tiou  with  citn'tc  of  polnssium  and  leaTing  it  to  eraporalc  alowly.  It  may  also  ht 
formed  by  dissolving  osmic  oxide  in  the  alkaline  solution  of  the  tetroxide.  Itissoloblt 
in  water,  insoluble  in  alcohol  and  ether,  permanent  in  dry  air,  but  changes  into  osmal* 
nnder  the  influence  of  air  and  water  CfUoriw  conrerts  it  into  ottmic  oxide  and  oeast* 
ef  potassiam.  It  is  decomposed  by  acitU,  eren  by  the  weakest,  osmic  oxide  being  pn- 
cipitated  and  O8mio  tetroxide  erolred.  Svlphurovs  acid  introdoced  into  a  solution  o^ 
this  salt,  previoualy  rendered  alkaline,  throws  down  a  ypUow  crystalline  precipitate, 
eoDtaining  a  salt  wnose  add  is  formed  of  osminm,  oxygen,  and  sulphur.  ChUmde^j 
ammimium  decomposes  osmite  of  potjuisium,  forming  a  nearly  insoluble  yellow  sah, 
2NH*C1.080'N-H*.  This  compouna,  heated  in  a  stream  of  hydnigeo,  gives  off* ammonia 
and  sal-ammoninc,  and  leHves  metallic  osmium. 

Osmit*  of  sodium  ia  prepared  in  the  same  manner  aa  osmite  of  potaaeium,  bat  dors 
not  crystaUise  so  easily ;  its  solutions  arc  rose- coloured.  Osmite  ofammtmiKm  does  not 
Appear  to  exist ;  the  oaroites  of  potossinm  and  sodium  are  rapidly  reduced  by  ammonia. 

TetroKlile  of  Oamlom,  communly  called  Osmic  acid,  OsO*. — This  is  the  volatile 
Strong- smelling  rompound  producpd  when  o^minm  or  either  of  its  lower  oxid<s  b 
heated  in  thtfuir  ortrcatvd  with  nitrieornitro-muriaticscid.  The  best  modeof  obtaioii^ 
it  pure,  according  to  Claua,  is  to  rectify  the  distillate  obtained  by  Lreating  fiociy 
divided  osrairidium  with  nitro-murintic  scid,  using  good  means  uf  condensation,  sstar' 
nto  the  first  third  of  the  new  distillate  with  potaRU,  and  distil  a  third  time.  Pnxe 
tetroxide  of  oamium  then  collects  in  thereceirer,  partly  in  concentrated  eolation,  part^ 
in  large  beautiful  crystals.  Its  vapour  has  an  intolorubly  pungent  odour,  atts[cKs  tbi 
eyes  strongly  and  painfully,  and  is  exeessiroly  poinoDnuB.  Afi  an  antidote  to  its  poisoo* 
CMS  action  Claus  rccnmmt'ndfl  the  inhalation  of  sulphyilrii:  acid  pis.  Its  taste  is  acrid 
and  bzLming,  but  nut  acid.  It  suAena  like  wax  by  thu  beat  of  the  hand,  melts  To  a 
ooloarless  Uquid  considf^rably  UpIow  100°,  and  boiU  at  a  temperature  a  little  abore  its 
melting  point.  It  w  dissotved  slowly  but  in  considerable  qnantity  by  water;  the  sob- 
tion  has  no  acid  reaction.  It  is  dissolved  alno  in  akohol  and  cthrr^  but  the  solatinos  an 
apt  to  decompose  spuntaneoualy,  depositing  metullic  osmium.  It  is  a  powerful  ozidiiiiig 
agent,  demlorwing  itidiijo-aolufion,  separating  io^Une  from  iodidr  ofpotaxsium^  conrert- 
ing  alcohol  into  aldehyde  and  atretic  acid,  and  the  carboht/drati 9  into  oxalic  and 
carbonic  acids.     Ammonia  decomposea  it  in  the  manner  shown  by  the  equation  : 

30sO*     +     4NH»       =       30aO«     +     K*     +     6H»0. 
If  the  ammonia  ia  in  excess,  it  forms  a  base  with  the  osmic  oxide  thus  produoed : 

30aO*     +      10NH»       «       3N»H*080»     +      N<     +     6H»0. 
If  potash  is  likewise  present,  osmiamate  of  potassium  is  formed: 

eOsO*     +     8NH»     +     6KH0       =       SK'IPOb'O'      f     N«     +      16H«0. 

Osmic  tetroxide  dissolves  in  aikalig^  forming  yellow  or  red  solutions,  which  are  in- 
od^tnous  iu  the  cold,  but  when  evaporatetl  by  heat,  give  off  the  tetroxide  and  leave  soUd 
reftidues,  regarded  by  Berzelias,  who  however  did  n^t  annlyse  them,  as  osmates  {t  e. 
compounds  of  the  tetroxide  with  alkaline  oxides).    But,  according  to  Claus,  a  aolutioo  of 

*  Clsui  declKnatrt  these  laitt  m  otmntn.  lienws  the  lalti  m  called  bjr  Berselint  do  not  appMr  la 
e«Ut  til  deQaite  form,  the  lolnlionii  or  tetroxtdtr  ur  oimlum  In  alkalU  \hr\n%  Always  dcc(iinp<wed  by  ctab. 
or.ition.     Rut  it  n  irarcpl]-  wnrlh   whilr  to  ^Itei  llif  rrrllnjirf  nuineiiclaliire.eapcclillf  at  (bea 
;salti  of  U10  (ecroaide)  mar  >^  »upj>OKd  10  c»ijt  lu  »ul-iUau. 
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)  tptroxide  in  strong  cututic  potash,  gires  off  vhen  hentMl  the  grefttxr  partof  th« 
t«troxidf><,  while  the  remainder  la  reaolved  ioto  five  oxygen  &nd  oflmite  of  potAMium, 
ObKO'  ur  K-O.OsO'.  A  moderately  Btpong  aoaeouB  solution  of  osinic  tetpoxideponred 
upon  solid  hydratp  of  potassium,  becomes  heati^  and  formB,  without  erolutioa  of  oxygen, 
a  blood-red  solution  containing  nothing  but  osmite  of  potaBsium.     (Claus.) 

OBMXVK.  BinLPHlUZB  OF.  Osmium  bams  in  flulphnr>rapour.  Fita  ral- 
phidee  of  osmium  are  said  to  exiet,  analogoue  to  the  oxides,  the  first  four  boing  produced 
by  decumjjosinfj  the  corresponding chloridtrs  with  suipliydriciind,  and  the  letnisulpliide 
by  paaaing  sulphydric  acid  gas  into  »  solution  of  th^  tftroxide.  It  is  a  sulphur-acid 
perfectly  soluble  in  wat«r,  vheress  the  others  are  sulphur-biuee,  slightly  solnblo  in 
WHt^r^  and  formingdcep  yellow  solutions  (Bcrxelius).  According  to  Claui  (Jahresb. 
1R59,  p.  264),  a  pure  solution  of  osmic  tetroxide  yieldswith  Hulphuric  acid  a  precipitate 
eoQtaining  less  sulphur  than  the  tetniKulphide,  OsO*;  but  the  latter  may  be  obtainMl 
pure  by  previously  acidulating  the  solution  of  the  t^troxide  with  hydrochloric  acid, 
which  does  not  reduce  it, 

OIIMl U M-BA.a SB,     AXMOWZACAL     a.    Oamio-htxhjjdru   diort'dirn'tHdf, 

N'H'OsO'    ■=    H«<)»!' — '^^"*  ^"^'**'"*ce  is  obtained  in  combination  with  1  at.  watsc 

(JI'H'OsO'  s=  N'H^OhO'.H'O),  by  the  action  of  ammonia  in  excess  on  ammonio-  or  po- 
tasaio-osmiGchloridc,  or  more  easily  by  heat ing  an  aqueous  solution  of  th^  tetroxide  with 
ammonia  (p,  2-f  S).  It  is  a  bruwn-black  tasteless  powder,  which  decomposes  with  scin- 
tillation whpn  heated,  dissolTcs  in  potash,  loss  easily  in  ammonia,  and  slowly  in  acids. 
The  potash-sGlution  whf-n  heated  gives  off  ammonifi  und  doposits  (ammonincal)  o«mic 
hydrate.  The  acid  solutions  are  red-brown,  Iphtc  when  evaporatf^d  uncrjst/illisablo 
bftsic  salts,  only  parlially  soluble  in  wat^r,  and  \ield  with  potash  or  ammonia  a  pre- 
cipitate of  the  unaltered  base.  The  chloride  which  remains  on  evaporating  the  solution 
of  the  base  in  hydrochloric  add,  is  a  brown-bburk  brittle  mass  only  pajltally  soluble  in 
WBt«r  and  probably  consisting  of  N'H*ObCUj-H»0.    (CIbub,  Jahresb.  1863.  p.  303,) 

Ji.  Fr^my  (Ann.  Ch.  Fhys.  [3]  xii.  221),  hy  adding  a  eold  solution  of  potassie 
osmite  to  a  Bolution  of  ettl-ainmoniac,  obtained  a  yellow  crysttdlino  precipitate  cout&ija- 
inff,  according  to  his  analy-sis,  N*H"080'C1',  and  regarded  by  him  as  a  compound  of 
Bu-nmmoniac  withosmiamide,  2NH'C1,  N'H^OsO*.  According  to  Gibba  anaOenth 
(Sill.  Am.  J,  [2]  XXV.  24ft),  it  forms  a  double  salt  with  pUtinie  chloride,  snd  when 
treated  with  various  siWer-snltB,  yields  corresponding  oxy-salta  which  are  orange-yellow, 
nearly  insoluble  in  cold  water,  more  soluble  in  bnt  water,  forming  solutions  which  um 
essily  decomposed^  with  evolution  of  osmie  (etroxide.  According  to  Glaus,  Fr^my's 
compound  probably  consists  of  N'H*OaCl.H'0,  inasmuch  as  it  closely  resembles  the 
ruthenium-compound  of  analogous  competition  (see  Rutheioum).  The  correapondiag 
sulphnte  treated  with  baryta-water  yields  a  very  unstable  solution  of  a  base  whicn 
ClauB  supposes  to  contain  osmious  oxide. 

OSMOSB.     See  Liquids,  Osmogb  07  (iii.  718). 

OSBSXjr.     Syn.  with  BoNx-caHTUjhoi  [i.  619). 

OSTS03UXTS.  A  tricalcic  phosphate,  Ca'P'O',  found  near  Hacao,  also  at  Amberg 
in  tlie  Kra(j;ebirge,  A  specimen  from  the  latter  locahty  analysed  by  Oornp-Besanei 
(Ann.  Ch.  Fharm.  Izxxix.  221)  gare  42*00  per  cent,  phosphoric  anhydride,  48*16  lime, 
407  silica,  156  ferric  oxide^  0-7A  magnesia,  004  potash,  0*02  soda,  2*21  carbonic 
anhydride,  and  1  31  water  (  »  10102).  It  is  probably  an  apatite  which  has  lost  its 
fluorine  and  chlorine.  It  has  a  compact  texture,  like  lithographic  stone,  or  else  is 
eazthy  and  aflheres  to  the  tongue.  Specific  gravity  »  2*89.  (Bromeis,  Ann.  Ch. 
Pharm.  Ixxix.  I.) 

08TSAVXXB.     A  greyish-bmwn  zircon  from  Brevig  in  Norway. 

OSTRSOCOIiLA.    A  name  of  earthy  limestone. 

OTBT&  (contraction  of  Ox-fthyl).  The  name  given  by  Williamson  to  the 
acid  radicle  C*H"0,  commonly  called  acetyl.    (See  KoiONCUkTURi,  p.  132.) 

OTOBA^VA.T.  Obtainrnl  £rom  the  fruit  of  Afyristica  otoha.  It  is  nearly  colour- 
lees,  buttery,  smells  like  nutmegs  when  fresh^  disagreeably  in  the  melted  state.  Melts 
at  3S°.  Contains  myristin,  olein,  and  otobite.  (Uricoechea,  Ann.  Ch.  Pbarm.  xci. 
369.) 

Q^o^'if.— When  otoba-fat  is  saponified  and  the  soap  is  treated  with  alcoholic  acetat« 
of  magneuum,  a  precipitnto  is  formed  containing  otobite  and  myristic  acid;  and  on 
dissolving  out  the  lattir  with  aleohoL,  the  otobite  remains  and  may  bo  purified  by  re- 
cr}*stalliiiation  from  hot  aJcobol  or  ether.  It  forms  hirge  coluurloss  prisms  having  a 
glttsiy  lustre,  tasteless  and  inndoroiiH,  melting  at  133*^,  and  solidifying  in  thecrystaUiDe, 
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or  if  more  itrongly  ho«te«l,  in  the  amorpboas  sUte.  It  is  not  voUtQ«%  bnt  uup  if 
the  aid«a  of  thf  tube  wh^n  hi»at*xl.  Contwns  on  th«  arentge  7302  C,  6-40  H,  and  3A1I 
0,  afireciug  nearly  with  the  funuaU  C'^H-^O*.     (Uricoochca.) 

OTTKJBltXTB.  A  mlieate  of  micaceous  atructtire  OMazring  at  Ottrec,  OMT  SbndoC 
on  thf  iH^rtlerti  of  Bel^um  and  Luz^mboarg,  in  small  ahining  scal«e  or  plates  iTia^ 
iniftted  tbruugh  the  giingue.  t>p(»cific  ferity  m  4*4.  Scmtcbes  gUM  with  diffrakj, 
hnii  a  blooJciah,  greAnir<h*grpy  or  hlack  colour,  and  pale  green  streu.  Sefore  tbe  btov* 
pipe  it  fiuea  n ith  difficulty  to  a  black  magnetic  globule,  and  givee  with  f1ax«e  the  iv 
actions  of  iron  and  mangHDcse.  Contains  4334  per  cenU  allies,  34*63  alonuaa,  l6Tt 
ferrous  oxide,  8'18  mangiuioaa  oxide,  and  6*66  water   (    «    98*68)  agT<ecfiag  Bp{su>< 

mately  with  the  formula  3CFe;  Mu)''SiO«.Al*Si»0'». 

Ph^UiU  {q.  V.)  from  Sterling,  Maasachusaetti,  is  regarded  by  Dana  as  ideBluftlviU 
otti%lit«,  bat  thu  aoulyaea  uf  the  two  mioerala  differ  oonaiderablj. 

OirVAXO  VXTX.  Lime-chrome  garnet  from  Biaserak  in  the  Ural.  (See  OaaiB^ 
ii  772.) 

OIITAJUk  or  Opockala,  A  legominouH  plant  growing  on  the  GaVKXin  ajid  near  F«r. 
Dundo  Fo,  tbe  S£»ed8  of  vbich  yield  a  fat  oil  (Arnaudon,  J.  Pbarm.  [3]  axst^ 
404.) 

CWBVZTS.    ThoriDgito  from  tbe  Potomac.     (See  THrnucorrm,) 

l(C"HT 

oxABBirusxsB.     C**H*'N'0*    «    N«<  (C^O*)".— A  substance    obtained  V 

heating  oxaUte  of  benaidine.  C»»H>»N».C'H*0*  -   2H«0  -  C»*H'«NK>«.     It  is  ^ 

Tcmlezit,  quite  insoluble  in  water,  alcohol,  ether,  dilute  acidit,  and  alkalia,  and  ta  i«- 
solred  by  Btroog  potash  into  oxalic  add  and  benzidine.  (Uorodine.  Zeitacbt.  Cti 
Pharm.  186(1,  p.  533.) 

OZACAXCim.    Native  oxalate  of  calcium  (p.  255). 

OXACETZC  ACZS.    S}'n.  with  G^ltcoluc  Acid. 

OXAX.AC&TZG  AOnia    A  name  applied  by  Dumas  and  Piria  (Ann.  Ch.  Phjt 

[3]  V.  363)  u>  tiirtAric  acid,  from  a  peculiar  new  which  tbey  held  of  its  oonBtiiatioa. 
OZAXAV.     S^-n.  with  Oxaj,vramids  {q.  v. ). 

OXA&JUmW.     (>H*N*0».     (Limpricht,  Ann.  Ch,  Pharm.  exL  133.>~A  body 

pivduct'd  by  the  action  of  naaccDt  hydrogen  on  pambanic  acid: 

2C'II>N^»     +     H«         =         C«H«N*0».H'0; 
Pjirabauic  acid.  Oxal«utto» 


it  is  related  to  parabanic  acid  in  the  same  manner  at  alluzantin  C'H'N*©',  to  : 
CH'NK)'. 

It  is  obtained  in  the  form  of  a  sinc-compound  by  tho  action  of  zinc  and  bydrochlaric 
acid  on  parabanic  acid;  on  treating  tht^  crystalline  powder  thus  produced  with  nl- 
phydric  acidf  and  eraporuting  the  filtrate,  oxdlantin  ie  obtained  in  hard  whit*  cnuti^ 
haying  when  dried  at  100**,  tho  composition  C'll*N*0'.H'0.  It  is  sparingly  soluble  in 
water,  nearly  insoluble  in  alcohol  and  other;  the  oqueoux  solution  has  a  slight  acid  r*^ 
actiuu.  It  is  not  oxidised  by  nitric  acid  or  ppmxiae  of  lead  nt  the  boiling  heat,  bat 
when  its  aqueous  sulutiun  is  heated  with  mercuric  oxide  or  eilrer- nitrate  and  ammonia 
in  ailded.  reduction  takes  place  immediatelv.  Oxolantin  diasolves  easily  in  alkalis  and 
alkaline  carbonates,  with  effervescence  in  the  lattt*r  case.  The  solutions  when 
rutod  appear  to  contain  oxaluric  add. 

C'H'O*  =  ^^J\0\   OxaUaure,  KUfsaurt, 


OXAUC  .A.OXI>. 


^V 


as  wnen  •'g^^^ 

&u«tJI/«cs|MH 

t  of  tbe  scries  of  ■ 
(i„62),  wasfint    T 


Kokligt  SHurt.     Acide  oxaHquf.    Acid^  carhonrux, — This  acid,  the  first  of  tho 

dibasic  adds,  OH'^-^O*.  induding  molonic,  succinic,  pimelic  acid,  &c.  (i.,62), 

obtiiiued  by  Sarary  in  1773,  andWiegler  in  1779,  in  the  form  of  a  sublimate  andan 
aqueouH  distillatt^  by  heating  salt  of  sorrel.  Scheele  first  prepared  it  iix«m  &«]t<tf 
sorrel  by  means  of  basic  acetate  of  lead,  and  showed  that  the  acid  thus  obtained  wv 
ideatieaJ  with  the  rt«rf.(>/*wgrarpreviouiIy  prepared  from  su^r  and  nitric  add,  ai>d 
invptiligatod  by  Bergman.  Its  composition  was  establiNbi-^l  by  Dnlonj^  Dober- 
eincr,  and  Berzeline.  (For  tho  literature  relating  to  it,  aee  GmditCa  Handtmok^ 
ix.  111.) 

OccuTTence. — Oxalic  add  occurs  very  frequently  in  linng  plants ;  as  a  potass!  am -salt 
in  various  specif^  of  Hwmx  and  OxaJis ;  as  a  6odiuro-»alt  in  roo«t  species  of  SaUcU 
and  HalicorHutj  plants  groning  in  («ll-manthes  ;  as  a  culdum-salt  in  agnuit  nutnlieruf 
piaut»,  in  the  rout,  bark,  leaves,  &c.,  being  often  found  iu  tbe  cells  in  the  form  of 
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tmaK  cryfitals,  the  so-cnlled  raphidts.  Many  b'ehena  are  very  rich  in  oxnluto  of  cal- 
cium. FeiTouH  oxalate  occurs  id  drpositJi  of  lignite.  The  five  acid  (hydric  uxahitf*)  is 
Iband  in  BUHu*  igniarius,  and«  according  to  some  statcmonts,  in  the  jniooofth(>chick- 

^l.  Oxalate  of  calcium  is  also  of  frequent  occurroocfl  in  the  animal  body,  being  found 
urine,  urinary  dopnsitj,  find  calculi ;  in  the  allantoic  liquid  of  the  cow ;  in  the  tnucua 
ot  the  gaU-bladdcr  of  men,  oxen,  dogs,  tabbitu,  and  pikes ;  and  in  the  Malpighian  T(«- 
•e.s  of  the  caterpillar  of  Sphinx  Convoltntli. 

Fonnatimi.  —  1.  Oxalic  acid  is  a  very  froqur-nt  product  of  tho  oxidation  of  other  or- 
ganic compound.%  1)eing  in  fact  the  most  highly  oxidised  of  all  carbon-compounds 
except  carbonic  anhydride.  Some  oompoUDds.  namely  alcohol  CH*0,  glycol  CPilK)^ 
and  glyooUic  acid  0'H*0*,  are  converted  into  oxalic  acid  bj  a  comparatiTiily  simple 
proooss  of  oxidation;  but  in  most  caaea  the  reaction  ia  more  complex,  resulting  in  a 
eotnplcte  breaking  up  of  the  molecule.  In  this  manner  oxalic  acid  ia  produced  in 
great  abundance  from  the  mure  highly  carlnniaed  orgnnio  substiiticea,  auch  aa  thtt  car- 
nohydmten,  sugiir,  starch,  celluloae,  &c.;  a,  by  tho  action  of  nitric  acid;  fi.  by  fuaion 
with  caustic  alkalis.  It  is  alM>  produced  in  considerable  quantity  by  the  action  of 
moist  chlorine  or  chlorine- water  on  uric  acid. — 2.  Ab  an  ammonium-soJt,  together  with 
other  producta,  in  the  decompoaition  of  cyanogen  by  water: 

C*N»     +     4H»0       -       C*(NH*)=0', 

3.  As  a  potA&<i!um-8att  by  heating  potassic  formate  with  exceM  of  potaaaic  hydrate^  the 
action  being  attended  with  evolution  of  hydrogen ; 

2CHK0"       -       C«K'0»     +     H«, 

4.  It  is  also  fotind  among  the  secondary  products  obtained  in  the  preparation  of  pota»< 
aium  1^  heating  potassic  carbonate  with  charcoal. 

Preparation. — 1.  From  Acid  Oxalate  of  Potassium  (salt  of  eorrel)  by  precipitating  (he 
•olution  of  the  salt  with  acelate  of  lead,  and  deoiraposing  the  precipitated  oxalate  of 
lead  with  sulphoric  or  sulphydric  acid.  Thin  is  tho  oldest  mode  of  preparation,  but  it 
has  given  place  to  the  following  more  productive  nicthods, 

2.  From  Su^ar. — I  pt.  of  loaf-sugar  ia  heaUd  with  &  pta.  of  nitric  acid  of  specific 
gravity  1*38  lutimat'^ly  tu  the  boilinfjc  p^int,  and  the  sulution  is  evaporated  down  to 
ont'-sixth;  it  then  oo  cooling  tleposits  wliite  crjslJtl^  ui  uxalic  acid.  It  is  imjMjrlniit.  iu 
this  pnic'psii  to  use  a  sufficient  quantity  of  nitric  iidil,  as  the  mother-liijuor  ihru  crys- 
tallises iu  the  form  of  oxalic  acid,  down  In  thp  buit  dmp;  but  if  U'sa  nitric  Rii'id  ima 
been  added,  saccharic  acid  and  other  iDLermediiiic  prodncta  remain  in  the  moUipr- 
liouor,  which  tlu'U  beoomea  yellow  and  brown  on  evaporation.  The  crj'iit^Js  of  oxuUc 
acid  may  be  nuriHt'd  from  adhering  mother-liquur  by  recrystalliaiDg  them  from  WHtet 
containing  a  little  nitric  acid,  then  draining  them  on  a  Auiuel,  washing  with  a  little 
cold  water,  and  drjine;  between  bibulouis  paper  nt  a  medium  temperature.  Oxalio 
acid  prepared  with  nitnc  acid  is  often  coutaminatwi  with  the  latter,  which  may  however 
be  removed  by  allowing  the  cryptals  to  effloreace  in  warm  iiir^  then  recrj'stallising  from 
Iiot  water,  again  lewving  them  to  e^Boresco,  and  recryeiallising.      (Berseliue.) 

Hoist  sugar,  treacle,  srarch-cngar  or  Btarch  may  also  be  used  instead  of  loaf-sugar  for 
the  preparation  of  oxalic  acid.  The  nitrous  f^mes  evolved  in  the  process  may  be  util- 
laed  for  tlie  manufncturo  of  iulphurie  acid  ;  or  they  may  be  reconverted  into  nitric  aeid 
by  the  iietiori  of  air  and  wat^r.  (Fora  de*icriptinn  of  the  manufacture  of  oxalic  acid  on 
the  laree  ncale,  and  of  aeverul  pattf'nted  processet*  for  utilising  the  nitrous  fumes,  see 
Vr^s  Diciiffuiry  of  Aria,  ^c.  iv,  367.  also  Richard^fm  and  Wails't  Chemical  Ttchnotngi/^ 
▼ol,  i.  pt.  6.) 

3.  From  Sttirt'h,  Ofiu/oxeatidofkrr  Organic suhstfincrsfn/f usionvnth  alkalinr hi/dratra, 
— When  100  pts.  of  stiirth.  aawduftt,  straw,  hay,  bran,  tobarco-mttings,  &c.,  is  mixed 
with  a  Bf>lution  of  about  300  pts.  liydrato  of  pot^tKsiuni.  the  liqnid  Avapomtod,  and  tho 
residue  heated  to  200*— 260°  for  fuurorflve  nonre,  a  qutiiitily  of  oxalio  acid  is  obtained 
amounting  to  between  100  and  150  pts.  of  the  cr)'BtnIIi*cd  acid.  When  soda  is  used 
instead  of  pota.'^h,  the  product  in  much  b'ty?;  but  with  ii  mixture  of  1  pt.  hydrate  of 
fiodium  to  2  pte.  hjdnito  of  potassium,  it  is  somewhat  greater  than  with  potaah  alone 
(Po880«,  Compt.  rend,  ilvii.  207,  649).  A  process  founded  on  this  reaction  has  been 
pnt*'nted  by  Meiu+rH.  Roberts  Dale  and  Pritchard  of  Muuchester,  who  prepare 
oxulic  acid  on  a  conKidcmble  scale  by  heating  sawdust  with  a  mixture  of  potiuyac  and 
Kidic  hydrates.  On  trciiting  the  product  with  a  smalJ  quantiry  of  water,  sodic  oxalate 
alone  remains  undii^.s4;dved.  This  salt  ia  cnnvertKl  into  calcic  oxalate  by  treatment 
with  chloride  of  caJcium  ;  the  eaileie  oxalate  is  decomposed  by  dilute  sulphuric  aeid  ; 
and  the  oxidic  acid  is  left,  to  ciystallise  from  the  fllltrate  by  cooling.  {CheuUcal  Ttchno- 
lagi/,  loc  cit.) 

Proptrtifa, — Oxalic  acid  crystfllliaes  easily  Jn  large  transparent  colonrless  crystals, 
eontainiog  2  at  water :  C^HK>*.2HK),     Tbey  belong  to  the  monocliniG  ayatem,  uaualty 
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*xhihiting  the  combination  ooP.  oP.    +   Pao .  —  Pao ,  [Poo  ].     RAtio  of  Aze^  «  :  6 : « 

-  0-690  :  1  :  1  969.      Angle  6  :  c   -   73*>  48* ;    ooP  :  ooP  -  116^  62';    odP  :  +  p, 

-  in®  2';  -  Poo  :  oP  -  129*  20' ;  -  Pao  :  +  Pao  »  127°  !«';  ♦  P« : 
oP  -  103«24';  obP:  [Poo]  «  140°  l^.  Thp  cryatalanre uauftUvprismauaUy  eloo. 
0itMl  in  the  dir«ction  of  the  orthodi&gODiil.  (Brooke,  Ann.  PhiL  xxii.  19. — De  U 
ProTostaye,  Ann.  Ch.  Phvs.  [3]  iv.  463.— RammeUberg,  P(>gg.  Ann.  xciii  34.) 

Oxalic  add  \b  very  .soluble  in  loa^  and  in  alcoJkol^  dismlTing  in  16'^  pta.  vatirH 
10°  in  9-5  pta.  at  139°  and  in  a  rery  small  quantity  At  100<>  (Turner).  Theaololios 
is  strongly  acid  and  very  poisoaoas,  reddeoj  litmua,  and  decompoee*  earbonafte*  «tth 
dTerreacenee.  Oxalic  acta  contaminated  with  nitric  add  diMolTea  in  2  pta.  of  coU 
vater  (BprxeliuiV     (See  ftirthor  Storer'a  Dictionnry  of  Solu/nlities,  p.  419.) 

CryAtftUided  oxalic  add  nielts  at  about  98°  in  it«  water  of  crystalliaaLtioin ;  oa  «BB- 
tinu^  heating,  part  of  it  aublimes  as  dry  oxalic  add,  CH*0*,  while  the  greaser  pBt 
0Xiff?re  decomposition.  It  mIbo  gradually  giree  off  its  water  oTer  oil  of  ritriol  at  SO", 
b«in[;  complotely  dehydrated  in  the  eoune  of  a  few  weeka  (Erdman  n.  J.  pr.  Cb^k 
Ixxxv,  213).  Accordingto  Bodeker  (Jahresb.  I860,  p.  17),  the  specific  grsTityoftki 
cry*ttivUieed  ncid  10  1-63 ;  of  the  robliined  add  2-0.  The  acid  dried  at  100^  rabHaa 
at  166°  in  slonder  white  needles,  part  of  it  however  being  decomposed,  mad  in  gimlu' 
proportion  ae  the  temperature  ia  higher. 

DetompositioM. — 1.  Oxalic  acid  is  reaoked  by  heat  into  carbonic  anhTdride  cad 
formic  add,  part  of  the  latter  being  further  resolved  into  carbonic  oxide  and  water: 
CTTK)*       =-       C0»     +     CUK)» 
CH'O'       -       CO*     +     CO     +     H»0. 
The  same  decomposition  takes  place  when  the  add  ia  heated  with  platin 
pumice  or  aand.     When  oxalic  acid  is  heated  with  an  tfqoal  weiRht  of  fflycrrin, 
position  takes  place  at  about  100'-',  carbonio  anhydride  being  evolved,  and  the 
probably  a  componnd  of  formic  acid  with  glycerin,  yteldji  formic  acid  by  diatlUllioi 
with  water  (ii,  686). 

2.  Oxalic  acid  heated  with  dehydrating  auhstaneet,  anch  as  concentratetd  Mi^pJMb 
or  phMphoric  acid,  Ie  resolved  into  water  and  equal  volumes  of  carbonic  oxida  and  tah 
bonic  anhydride : 

c«HK)«    ^     H'o    +   CO   +    cor 

3.  An  analogous  deeompoHition  is  produced  by  penfaehloride  of  photpkonts,  th# 
products  being  carbonic  oxide,  carbonic  anhydride,  hydrochloric  add  and  ozychloridt 
of  phosphorus : 

C»HK)«  +  PC1»  -  CO  +  C0«  +  2Ha  +  FOCI'. 
As  this  and  the  preceding  roactiou,  when  applied  to  other  dibasic  acids,  yield  the  cof 
responding  anhydrides  [i.  62),  and  as  moreover  the  reaction  with  pNentachlonde  of 
phosphorus  takes  place  in  exiu:tly  the  same  m&nner  when  the  two  bodies  are  broi^^ 
together  in  strongly  cooled  ether  or  suljihide  of  carbon  (Kekule),  it  appears  probable 
that  the  anhydride  of  oxalic  add,  CO',  is  unable  to  exist  under  any  conditions  that  wi 
are  ahle  to  command. 

4.  Trichloride  of  pkoaphcrtui  acts  on  the  dry  acid  in  the  same  manner  ••  At 
pentaohloride;  with  crystallised  oxalic  acid,  however,  it  yields  crystalliaablephospborou 
add  (Hurtzig  and  Oeather,  Ann.  Ch.  Pbarm.  czi.  170): 

C'H'oraHK)    +    pcp     «     CO    +    co«    +    sHci    +    ph»o«. 

6.  Oxalic  acid  is  not  readily  attacked  hj  nitric  aeid  ;  it  may  indeed  b«  cry«tallis<4 
fretm.  hot  nitric  add ;  by  continued  boiling  therewith  however  it  ia  slowly  oxidised, 
yielding  water  and  carbonic  anhydride. 

6.  By  other  osidiaing  agrntt,  oxalic  acid  is  easily  resolved  into  carbonic  anhydnds 
and  water.  Thus  it  is  oxidised  slowly  by  X\ie!  oxygen  of  the  air  in  presence  of  plationa 
black;  quickly  by  jwroxirf*  of  lead  ot  peroxide  of  manganete  in  presence  of  an  acid:  e.g. 

0^0*     +      MnO'     +     H'SO*       =       2C0*     +      2H'0     +      MnSO*. 
On  this  reaction  is  founded  a  convenient  method  of  valuation  of  commerdal  pxide  of 
manganese  (ii).  814).    When  tlieee  peroxidm  act  on  aqueous  oxalic  add,  the  prodoeta 
are  carbonic  anhydride  and  a  metallic  oxalate,  e.  g. 

2CmK)*     +     MuO       =       2CO»      ■*-     H'O     +     CMnO*. 
When  4  pta  of  dried  oxalic  acid  are  triturated  with  21  pts.  peroxide  of  lead,  the  nam 
becomes  incandescent.     Oxulic  arid  is  likewise  rapidly  oxidised  by  pota$sie  pemun^ 
ganate,  ehromie  acid  and  vanadic  acid. 

7-  Chlorine  does  not  act  on  dry  oxalic  add;  but  in  presence  of  water,  decompoeitioo 
quickly  takes  place,  thus  : 

C'H»0«     +     Cl»       «       2C0«     +      2HCI. 
A  similar  reaction  is  produced  by  bromine,  hypochiorotu  acid^  and  the  chloride*  ofectilf 
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rtdurihU  metaU.  Honcc  oxalic  acid  prrcipitat^s  metallic  gold  from  shHc  eAloride,  espe- 
cially on  boiling;  &1bo  metallic  pktuium  from  jiiaCinic  ekioride,  but  onijnndrrthe 
influence  of  direct  sunBhine;  With  mcrcunc  chloride^  oxiilate  of  amxnonhim  qvicklj  forma 
mercuroua  chloride. 

8.  Potansium  and  sodium  heated  with  dr^  oxalic  acid,  decompose  it  inth  incaiidesccne«^ 
ehaxx^nl  being  separated  and  hydrogen  ^rolvcd. 

9.  When  oxalic  acid  is  he«t4Ki  vith  exceoa  of  potasne  or  harytie  Aydratt,  hydrogen 
ii  erolved  oud  &  carbonate  is  formed :  e,  g, 

CH'O*     +     2KH0       »      2KHC0*     +     K\ 

10.  Ao*ccn(  hydrogat,  evolred  bjr  the  action  of  Bodium- amalgam  on  water,  or  of 
sino  on  dilute  aulphuric  acid,  convert*  oxalic  into  glyoxylic  acid:  C*H*0*  +  H* 
«  C'H'O'.H'O,    (Church,u.  922.) 

Oxalates.  Oxalic  acid  is  dibasi(\  yielding  with  monatomic  metals,  neutral  salts 
containing  C^'0\  and  acid  aolta  CHMO'.  With  potiueium  and  ammoninm  it  like- 
wine  forma  hyper-acid  salts,  t  g,  C»HKO*.C*HH)',  or  C*H»KO*.  With  most  diaromic 
metals  it  fonns  only  one  salt;  with  boriam  and  strontium,  however,  it  forma  acid  salts 
aniilogoiui  to  the  hyperacid  oxalates  of  the  uLkoJi-motals.  It  alau  forms  numerous  well- 
cryritullised  double  salts.  It  in  one  of  the  tttrt^ugeal  acids,  <)et-cmpoHtJig  diy  chluriila 
of  H<Kliura  wht>n  heated,  with  evolution  of  hydrcciiloric  acid,  and  conyertiiig  chlorido 
or  nitrate  of  sodium  in  uqut«ns  solution  into  scid  oxalate. 

The  ojuilutea  of  the  olkali-oit  uLi  ore  soluble  in  toater^  the  rest  are  for  the  most  port 
iu^ulublp  in  water,  but  soluble  in  dilute  acids. 

All  oxaliitea  are  decompust>d  by  hfat.  The  oxAlates  of  the  nlk.ili-niptala,  and  also  of 
the  alkaline  earth-mctsle,  if  not  too  strongly  hnnted,  give  off  carbonic  oxide,  and 
leuve  carbonates,  while  the  oxalates  of  those  metals  whose  carbonates  are  decomposed 
by  heat  (eiao  and  magne.siura  for  examjile)  give  off  carbonic  oxide  and  carbonic 
anhydride  aiid  leave  m(>tal]ic  oxides.  The  oxalate's  of  the  iuoi*e  t-asily  reducible 
metals  (silver,  copper,  &c.)  give  off  i-arbooic  anhydride  a:id  leave  the  nietul ;  the  lead- 
nit  leares  suboxide  of  lead,  and  gives  off  3  voL  carbonic  anhydride  to  1  vol.  carbonic 
oxide :  • 

2C»Pb''0<     -     Pb-O  +   3C0«   +   CO. 

Oxalates  heated  with  Kulphuric  add  give  off  carbonic  oxid<?  and  carbonic  anhydride, 
and  leave  a  residuf?  of  sulphate.  In  this  case^  as  well  as  iu  the  dcoompotntion  by  heat 
aloae,  do  separation  of  eorboa  takes  place,  and  consequeutiy  the  residue  does  not 
blacken ;  this  character  distiDgniahes  the  oxalates  from  tbe  stdts  of  all  other  carbon- 
acids. 

Oxalic  acid  and  the  soluble  oxalates  give  with  chloride  of  calcium  a  predpitate  of 
calcic  oxalate,  insoluble  in  water  and  in  acetic  aidd,  but  soluble  in  hydrochloric  and 
nitric  acid.  This  reaction  affords  a  voTy  delicate  test  for  tbe  presence  of  oxalic  acid : 
the  insolubility  of  the  precipitated  oiialat«  in  acetic  acid  distiuguishss  it  at  once  from 
the  phosphate. 

Precipitation  with  soluble  calcium-salts  serves  also  for  the  quantitative  estimation  of 
nxalic  acid,  the  precipitate  b<?ing  converted  at  a  low  red  beat  into  carbonate  CCa''0*, 
100  pts.  of  which  are  equivalent  to  128  pts.  calcic  oxalate  C-Cu''0\  DO  pta.  dry  oxalic 
acid  C^H^O',  or  126  pts.  of  the  crystallised  acid  C'H'0'.2H«0.  The  carbon  and 
hydrogen  in  oxatat««  may  also  be  estimated  by  combustion  with  oxide  of  copper. 

Tlie  cuniposition  and  properties  of  the  oxalates  have  been  made  the  subject  ol 
numerous  researches, especially  by  Ber«elius,  and  more  recently  by  Rammelsberg 
(Pogg.  Ann.  xciii.  24)  and  Soachay  and  Lenssen  (Ann.  Ch.  Pharm.  xcix.  31; 
C  308;  cii.  Z6  and  41;  ciu.  303;  cv.  245;  Jahresb.  1856,  446;  1857,  p.  289;  1858, 
p.  243). 

OxALATM  OF  ALrMiKitTK.— A  Rolntion  of  alumina  in  oxalic  acid  leaves  on  sva- 
pnration  an  amorjihous  transparent  mass,  which  has  a  sweetish  astringent  taste,  reddens 
litmus,  deliqnesces  in  the  air.  and  swells  up  when  healed. 

Sodio-aiwnihie  OxaiaU^  il-O*.2Na'0.4CK)M0HH)  or  (^*^*)*   joMAHH),  is  pr»- 

AT»  Na*  J 
doced  when  an  excess  of  basic  sulphate  of  aluminium  (obtained  by  precipitating  alnm 
with  exceas  of  sodie  earbonnte)  is  boiled  for  a  lon^  time  with  a  solution  containing 
1  at.  Bodif-  carbonate  to  3  at.  uxalie  aci<l  Tbe  liquid  if  left  to  itnplf,  for  some  months  d^ 
posits  the  double  salt  in  rhombic  crystals,  permanent  in  the  air,  and  sparingly  soluble 
xn  water  with  separation  of  alumina  or  basic  ealt.  (Lenssen  ana  Liiwenthal, 
J.  pr.  Chem.  Ixxxri.  S14.) 

Oxalates  of  Ammokicil— o.  Attt^rfliWr,C^NH*J=0*.H=0.—TMsBalt  has  been 
Ibund  ]!!  guano.    It  is  obtained  by  saturating  oxalic  adii  with  ammonia  or  its  carbo- 
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DAte,  and  ciy»tallifli*8  in  colourlivs  rhombic  prinxiB  R^ncrallv^  pxhibitiog  tU«  « 
oaP.  oP  .  aoPx  2'^Qo  ,  |P.  Ratiu  of  nxjcu,  a  .b  :  e  «  Vi837  :  1  :  O  3711.  Angjb  ' 
odP  :  ooP  «  7«°  10';  odP  :  oeI»<c  -  las*^  6';  oP  :  AP  «  148'^  65' ;  2P*  :  oP  • 
143°  26';  2!*oc  :  ^P  =  ISl^SO'.  The  crjutAla  are  partly  h*mihedral,  only  twoo/lW 
four  tacn  ^F  be-ine  present  at  nach  end.  One  of  the  fiices  ^Poo  aad  the  a<^aedil 
face  2Poo  are  aaually  of  Urger  dimfnflioDii  thno  the  posterior  facea  at  the  asme  oii 
inoreoTf^r  the  cryHtalB  art*  often  flAtteoed,  tvo  of  the  priamatie  £mm  odP  then  im^ 
poaring  (Dc  la  Provoataye,  Ann.  Ch.  Ph^.  [3]  iv.  H61. — Brooke^  Aim.  PUL 
xxii.  374).  The  ciyshila  efflocrace  in  warn  air,  giring  offl  at.  water.  TbejdiHnha 
in  3  pt£.  of  cold  water,  bat  aocotding  to  Heintx  (J.  pr.  Chem.  Ixxxrii.  309)  m 
much  leM  solubU  in  water  oontaining  ammoniacal  aalta,  ao  that  the  salt  ia  preapitaied 
frvm  a  inoderatoljr  atronz  aolution  on  addition  of  chloride  or  acetate  of  aminuDijiBL 
The  ealt  la  decomposed  uv  dry  diBiillatiun,  yi<>ldiQfc  oxamide  and  othrr  prtxlDctA. 

$.  Acid  Ojmtaie,IH-^KeJatr,  or Bi-oMlate,&H{SB*)0*Ji^O.—Pndac^hymijaagi^ 
solution  of  the  nentraUsiilt  with  oxalic  acid,  or  with  anjr  other  s^*id,  ftuch  a»  eniipbioi^ 
hTdrochloric,  or  nitric.  It  cry»taUi«t-A  iu  rhombic  priams,  usually  I'xhibiring  the  ODB- 
bination  ooP  :  P<n  .  ^  .  P« ,  with  the  tcrmiiuU  faces  oP,  ael^co  and  oePao .  RatiB 
of  aaea,  c:b:e^  0-45.H3  :  1  :  05593.  Anglft  »P  :  ooPoo  *  1 14°  23' ;  Pao  :  oP  - 
150*  47';  ool^w  :  «P  -  166°  37*;  oP  :  wfoo  -  90°;  oP  :  wfoo  -  90";  I*c 
oFoo  .  119*  13';  oP:  P«  -  129°  I';  F2  :  P«  -  161°  42';  P2  :  oP—  140*  ir. 
This  mU  haa  an  acid  reaction,  and  is  leas  soluble  iu  wtitar  than  the  neutral  oxalate^  U  ] 
ifl  rfsolrfd  by  heat  into  oxumidc  and  oxumie  acid. 

HiijifTiiTid  Oxahtf,  Tctroxohitf.  or  QuadroxclaU,  C*H(NH«)OVCH»O*.2H«0  or  J 
C*H'(NH*)0'.H^O. — Obtained  by  crystallising  a  mixture  of  fqual  narta  of  the  ptwvdmf  J 
salt  and  oxalic  acid.  It  cTyFt&lliseti  in  triclinic  pribnis  isonutrphous  with  the  hyppr^l 
acid  potaasinm-eait,  and  having  a  apfcific  gravity  of  1*607  (t^chiff).  The  rryntaH 
effloresce  at  100°,  giving  off  16'4  pear  ceuL  s  2  at  vater.  They  are  jvrj  soluble  tsl 
warm  wat**. 

OxxLATi     otf    AifTDioxY,     l^»0».C*0«.2H*0    or    2[(>Sb'"H'0'».5LK>*J.3H'0     « 

[(C^«)»n      _  , 

«         [0*  r3H*0.— This  salt  is  prepared  by  boiling  antimonious  chloride  or  tJMl 

oxychloride  (algaroth-powdfT)  with  oxalic  acid  (P^ligol),  orby  mixing-  a  Bstnn»l«i 
aqneous  solntion  of  oxalic  acid  with  a  solution  of  trichloride  of  antimony  in  hydrochloric 
acid  (Soncha^  and  Lentisen);  it  then  po^wmtes  in  the  course  of  24  hrtura  ■«  a 
grsDular  precipitate.  It  gives  off  1  at  wafer  at  100°  and  begins  to  decompose  at  220*. 
(^Soncbay  and  Lenssen.) 

Ammonio-antimoftie  OxaJatf.  C*Sb'"(NH*)'0".2H»0.— Olttained  by  mixiop  « 
solution  of  antimonious  oxide  in  acid  oxalitte  of  ammonium,  flmt  with  a  small  qtisntiry 
of  absolute  alcohol  (which  throws  down  acid  oxalate  of  ammonium),  then,  after  filter 
ing.  with  about  three  times  its  volume  of  absolute  alcohol  (Soachuy  and  Lenssea> 
It formfl rhombic pri«ms exhibiting  the  combination oP .  P.  2P.  oofoo.  Asm  d  :  4*c 
t=  0-3716:  I  ;  06303.     (RammcUberg.) 

Potastio-antimonic  Oxalate,  C*Sb'"K*0".6H»0. — Obtained  by  dissolving  aiitinit*. 
nioDB  oxide  in  a  hot  concentrated  Bolution  of  acid  oxnUte  of  potaastnm.  Thr  filrnir^ 
aa  it  coola,  deposits  nodular  crystals  of  the  sftlt,  which  dissnlve  without  dtM:naipr«|l 
tion  in  water,  but  arc  decompoBpd  by  mineral  acids,  with  sepnnition  of  oxalir  acid 
or  of  basic  oxalate  of  antimony.  Oires  off  3  at.  water  at  100°  (Soncbay  and 
Lensien).  Acconling  to  RummeUbprg,  the  salt  prepared  as  above  forms  monodiaic 
crystals  containing  2C"Sb'K*0".3H*0.  Ordinary  combination  ooP  .  gepoo  .  oP, 
[ooPoo],  Ratio  of  axes,  a :  6  :  c :  »  1-2364  :  1  :  0-6472.  Angle  of  innlineni  a^rt  J 
69°  36;  odP  !  ooP  in  tlie  clinodiagonalprinripfll  «w*tion  «=  105^40';  [Pas]:  [poo] 
in  the  same  -  134°  66';  oP  :  ooP  -  106°  8'  (Rammelsberg).  On  dis«>lviag 
this  salt  in  water,  part  of  it  decomposes,  with  separation  of  oxide  of  antimony,  whtls 
the  rest  disHolven  without  alteration,  and  separatu  after  awhile  in  lazft«  errstals 
containing  2C*Sb"K*0".flH'0.  These  crj-stals  are  rhombic,  generally  exhibiting  lie 
curabinatiun  odP  .  Pco .  Poo .  ocPod  .  Ratio  of  axes,  a",  h:  e  »  0*6903  *  1  -  1-I4I63, 
Angle  aP  :  odP  =.  67°  40';  P«  '.  P«  (basal)  =  97°  48*:  Pao  r  Pod  (haaal)  . 
119°  23'.  The  mother-liquor  of  thin  aalr  depw»itii,  besides  acid  and  hyperacid  oxalsre 
of  potassium,  a  few  czystalfl  of  a  double  salt  belonging  to  the  triclinic  system.  (R  am- 
meliiberg.) 

Sudio-anHmonu!  OxalaU.  C^'T^a»0".C«Na»OM  OH'O.— Prepared  like  the  pota»- 
sium-salL  Forma  distinct  highly  Inatrous  crystals,  which  give  off  half  their  water 
when  heated  for  eome  time  to  100°.  I)i!»sulve8  without  deoompo(«itinn  in  WHt^r  eilhi^f 
hot  or  cold,  but  is  decomposed  by  mineral  acids.  Sparingly  soluble  in  alcohol,  insolabl* 
in  ether.     (Sonchuy  and  Lenssen.) 
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OxALiTBS  OF  Arsbmic.  p0(a9sio^rMenio«9  oralat^t  C*As"K"0".3H^0?— 
DppottitPtl  in  tfmoil  hard  glassy  crystjUs  from  dhot  solatioDof  aneniousoxideui  Aqucoux 
scid  oxuJkU  of  putabttium.     (Souchay  and  LeDasen.) 

OxAhATRS  or  Babiuh.  The  vnitrat  wit,  C*Ba"O*.2H'0,  is  prwripitatHl  as  a 
white  powilrr  on  mixing  owlie  acid  with  excpss  of  baryta-wiitcr.  or  by  precipitating 
the  neatTHl  potaa«iam-»alt  with  chloride  of  barium.  It  diwtolveti  in  2,690  pts.  ot  cold, 
imd  2,500  pis,  of  hot  water,  more  n*Aiiily  ia  solution  of  sal- am  muni  a  c,  still  moiv  in  water 
containing  acetic  acid,  and  most  rradily  in  aqueous  oxalic  acid.  At  100°  it  giTpa  off 
1  nt.  wntor,  and  is  reduei-d  to  C'Ba'O'.H'O,  wliirh  is  alto  the  composition  of  thn  salt 
obtained  by  precipitating  a  solution  of  chloride  of  baritun  with  oxalate  of  tunmonia,  at 
the  boiling  heat. 

An  cad  ojcaiatr^  C'H'Bn''0*.4H*0,  is  deposited  in  pointed  ct^stala  on  mixing 
neurly  equal  quantitiea  of  the  saturated  solutions  of  oxalic  acid  aud  chloride  of 
barium.  The  crystals  dissolve  in  330  pis.  of  water  at  15  6*^,  forming  an  acid  solu- 
Hon ;  they  are  dccompoApd  by  hot  water,  converted  into  the  normal  oxalate  by  salino 
solutions,  anrt  an*  not  altered  by  uloohol  or  ether  (Clapton,  Chem.  fioc.  Qn.  J.  t. 
223).  According  to  iJouchay  and  Leaasen,  they  contain  only  half  the  water  roquirpd 
by  tlio  formula  above  given,  half  of  this  water  going  off  at  100°,  the  rest  ut  UTi  ,  and 
oxalic  acid  bcfz^niug  to  volatilise  at  the  same  time.  The  crystals  require  392  pts.  of 
Water  »t  17°  to  diasolv»  them,  and  are  deeompo«ed  by  hot  WHter,  with  formation  of  the 
ni'Utntl  salt;  alcohol  likewise  throws  down  the  neut^rai  salt  from  the  aqueous  solution 
of  the  acid  salt 

OxALJiTBH  OF  BiSKtiTH-  C^i*0'*  15H*0. — The  nrutral-talt  sepantM  aa  a 
white  crystalline  precipitate  on  mixing  nitrate  of  bismuth  with  excciw  of  oxalic  acid. 
Rrtains  12  at,  water  at  100°,  but  decomposes  at  higbrr  temperatures  into  suboxide  of 
bismuth  (BiK)")  andiicid  oxalate  of  bismuth.  It  is  ineolubleiQ  water,  soluble  in  acids, 
«nd  decomposes  by  prulouged  contact  with  water  into  oxalic  acid  which  dissolves  and 
a  basic  oxalate  of  bismuth.     (S  ouch  ay  and  Lenssen.") 

Banc  oxalatr.  The  notitnil  ox&Iato  boiled  with  water  yields  a  salt  baring  the  com- 
position 2(Bi'0".C*0^.3II»0  (HeintB).  Souchay  and  Lenssen.by  brilingtlie  recently 
precipitated  normal  oxalate  with  water  till  the  Houid  no  longer  became  acid,  obtained 
B  wvlt  which  gave  by  analysis  72'39  per  cent,  oxiae,  agreeing  with  the  formula  Bi'OV 

C'O'.^H'O  or  2(C'Bi"'H'0'«.Br*0«).3H'0  (requiring  7205  per  cent,  BiO*)  better  than 
with  Heintz's  formula,  which  requires  736  per  c^nt.  According  to  the  latter  formula 
thu  Ntdt  ie  analogous  to  the  oxalate  of  antimony  aboTe  described. 

Oxalate  of  BUmuth  and  Amnumium.  C*Bi'*'(NH*)»0'»6C^NE*)'OM2H*0.— 
Crystallibes  from  a  hot  saturated  solution  of  oxalate  of  bismuth  in  oxalate  of  ammonia, 
in  small  prismatic  crystals  which  give  off  the  whole  of  their  water  ( 13*98  per  cent.)  at 
100^.  Dissolves  readily  in  hot  water,  forming  a  clear  solution  which  becomes  turbid 
after  a  few  seconda,  auil  deposits  oxalate  of  bif>matb  as  a  crystalline  powder.  It  ia  in- 
soUible  in  alcohol  and  ether.     (Souchay  and  Lenssen.) 

Oxalate  of  Bismuth  and  Potassium.  C«Bi"'K»0"'.2C-K^M2H'0.— Prepared  like 
the  preceding,  and  sepcirates  in  small  prismatic  crystals  which  ore  insoluble  in  alcohol 
and  ether,  and  are  decomposed  by  wate^r.  The  mothor-liquor  deposits  a  salt  contain- 
ing C*Bi'"KH)'MC?K^0M2H'0.     (Soaehay  and  Lenssen.) 

OxALATH  or  CAUKitJH.  C'Cd''0*,3H'0. — Theanhydmussalt  is  obtained  as  a  white 
amorphous  powder  by  digesting  carbonate  of  cadmium  with  oxalic  acid.  Oxalic  acid 
or  oxalate  of  smmoniA  added  to  chloride  of  cadmium  throws  down  the  tri-hydmt«^ 
salt  ea  a  white  prfncipitate  connisting  of  microscopic  tabular  crystals,  soluble  in 
13,0UU  pts.  of  coin  and  11,000  pCs.  of  bnlltng  water,  a  little  more  solcbte  in  water  and 
oxalic  acid,  euaily  solublo  in  mint^ral  acids,  ammonia  and  ammoniacal  salts.  Gives 
nff  idl  its  water  nt  100'',  and  is  di-compo-scd  at  340°,  luaviug  a  mixture  of  cadmium- 
oxide  aod  met^dlic  cadmium.     (SoucfiHy  and  LensKen.) 

dxaiate  of  Cadm-ammflnium.  C'(N'H'Cd)"0*.2H^0.— When  oxalate  of  cadmium 
is  added  to  ammonia  till  na  more  is  diB.'vilred  on  heating  the  liquid,  tbe  flltratp  lt>ft 
for  some  time  in  the  cold  deposits  needli^Hha^M'd  cryatals.  which  rapidly  give  off  f»arl 
of  their  ammonia  when  exposed  to  the  air,  and  at  100°  give  off  wat4>r  as  well  :u 
ammoniu,  acquiring  at  the  same  time  KNlight  brownish  tint,  from  separation  of  cadmium 
— oxide.     (Souchay  and  Lenssen.) 

Ammoftio-cadmic  OxalaUif.~-ti.  C*Cd"<NlI')=0«.6C'(NH*)'0«.9H«0.— Separates  in 
microscopic  cr^'stalB  when  a  solution  of  oxalate  of  cadmium  in  oxalate  of  ammonium 
Kflturatea  at  the  boiling  heat,  la  diluted  after  filLration  with  an  equal  volume  of  water. 
Gives  off  all  its  water  at  100°.     (Souchay  and  Lenssen.) 

fl.  C*Cd''(NH*)«0',7C^NH')H)MlH'0.— Separates  in  hard  crystalline  cnttta  from 
the  preceding  saturated  solution,  if  left  to  cool  without  addition  of  water.  (Sonoha/ 
and  Lenssen.) 
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y.  Runraelaberg  bjdisnolvizig  oxide  of  cadmiom  in  ozalato  of  ammoniam,  obttbad  ft 
■alt  to  which  he  awrigned  the  formuU  C*Cd'{NH*)Hr.3C«(NH*)*OV8H«0.  Thit  nha 
BUpp<wed  by  Soachay  and  Lenssfn  ro  contain  only  THK).  The  three  donble-aaUa  lW 
form  a  regular  eeries,  their  formula?,  if  A  Btand  for  C*Cd''(NH*)*0«,  and  B  iv 
C'(NH*)'0\beingA.BMlHH),A.BM»H*0,andA.B».7H»0.  (Sonchay  and  Lenawt.) 

Foetusi(hcadmic  Oxa/atr,  C*Cd"K'0*.2H0,  ia  prodaced  by  saturating  a  boflbg 
solution  of  oxalato  of  potassinm  irith  oxalate  of  cadmiam,  and  aeparat««  froa  tb> 
filiratfl  in  nitcroecopic  aqu&re-baaed  octahedrons,  which  gire  off  their  water  at  100"  ud, 
are  decomposed  by  water. 

Sodio-cadmic  OxalaU,  OCd''Ka^*2HK>.— Similar  to  the  potaanom-Mit.  (BoMhtj 
and  Lensaeo.) 

OxLhkTn  OP  CiLCiuM,  C^Ca'O*. — This  salt  ia  very  widely  difl^iaed  ia  tb 
Tegetable  kingdom,  being  found  in  the  juice  of  moat  planta,  whence  it  is  depoaitad  oa 
the  TBBCidar  tissne,  towards  the  end  of  tiie  growing  Beoaoo,  in  microacopic  cryilik 
having  the  form  of  a  sqaare-baaed  octahedron  (F  :  P  in  the  terminal  edges  of  tfat 
pn'mary  oetahedpon  -46^  28' ;  in  a  more  obtnae  octahedron  modifying  the  first  »  U8* 
34').  According  to  Braconnot  (Ann.  Ch.  Phya.  [2]  xxviii.  318),  it  often  conflit«l(9 
abnut  half  the  weight  of  lichona  growing  on  calc&reona  atonee.  The  marble  of  ihs 
Parlhenou  at  Athenn  is  encrusted  in  someparra  with  a  greyiah,  warty,  and  aotnewiut 
opaline  conting  of 'c&lcic  oxalate  about  a  line  thick,  colled  TIkicrscMile  by  Lielaa 
which  is  iiup|>otted  to  hare  been  depneited  by  lichens  Growing  on  the  stooeu  CaSm 
oxttliite  has  also  boon  found  by  Schmidt  (Ann.  Ch.  Pharm.  Ixi.  304)  in  bcni  yvmt 
It  is  nleo  of  ft^uent  occurrence  in  the  animal  body  (p.  260). 

Calcic  oxalate  ia  precipitated  aa  a  white  powder  wbenever  a  aolable  calcinm-aalt  M 
mixed  with  oxalic  acid  or  an  alkaline  oxalate,  provided  there  be  no  strong  aiiunl 
acid  present  in  large  excesa.  It  ia  inaoluble  in  water,  acetic  acid,  and  Aolution  ct  ad- 
ammoniAO,  nearly  insoluble  in  &ce  oxalic  acid,  and  sparingly  soluble  in  lactic  ao4 
but  it  diwiolvea  with  tolerable  facility  in  hydrochloric  or  nitric  acid,  whence  it  Uh*» 
cipitated  by  cauiitic  alkalis  or  alkaline  carbonates.  Chloride  of  magnesium  also  ranoea 
it  slightly  soluble  in  water.     (Turner,  Pogg.  Ann.  xix.  148.) 

Oxalate  of  calcium  is  insoluble  in  hot  concentrated  iK>lution8  of  the  clilori< 
potaaeium,  sodium,  ammonium,  barium,  strontium  and  calcium,  but  soluble  to  i 
eidf^rable  extent  in  hot  solutions  of  salts  of  the  metals  belonging  to  the  ^_ 

group,  and  ia  precipitated  from  thf>ee  solutions  by  an  excess  of  alkaline  oxnlale  (Sot* 
chay  and  Lenasen).  When  immersed  in  a  solution  of  cupric  salt  (c.  ^.  tbesulphsts^ 
chloride  or  nitrate)  it  ia  gradually  converted  into  cuprie  oxalate,  a  soluble  rn Irimn  sah 
beiug  fonnt-d  at  the  muno  time.  In  prisoner!  of  a  large  quantity  of  chloride  of  sodio^ 
calcium,  or  ammoniiun,  oxalate  of  calcium  dissoWes  completely  in  solution  of  marie 
chloride;  but  if  the  solution  be  agitated  or  left  to  stand  for  some  time,  cupric  ozalata 
separates  out.  When  oxalate  of  calcium  ia  boiled  with  a  soluble  salt  of  silTer,  les^ 
cailmiam,  zinc,  nickel,  cobalt,  strontium,  or  borinra.  a  soluble  calcium-aalt  is  formed, 
and  an  oxalate  ofthe  other  base  is  precipitated.  (A.  ReynoBo,  Compt.  rend.  xxix.  627.) 

Oxalate  of  CHleium  disaolves  in  cdnsiderable  quantity  in  pure  phitapk»rie  octi^ 
ifipt-cially  with  the  aid  of  heat.  Such  a  solution  when  Urfrely  diluted  with  water,  re- 
mains clear  if  it  contains  a  large  quantity  of  phosphoric  acia  ;  and  if  caustic-soda  b« 
then  cautiouHly  added  till  the  precipitate  formed  at  first  ia  redissolved.  and  the  liquid 
then  lefl  to  stand  quietly,  a  large  proportion  of  the  calcic  oxalate  cryatalliaea  within 
twenty-four  hours  in  quwlratic  pyramids  ;  and  the  mother-liquor  if  again  trefited  with 
aoda,  yields  another  crop  of  crystala.     (Neubauer,  Ann.  Ch.  Pharm.  icix.  223.) 

Oxalate  of  calcium  dned  at  38°  contains  2  at.  water  (C^Ca^CaH^O),  half  of  which 
is  given  off  at  100°  the  rest  at  a  higher  temperature  (Thomson.  Graham).  Tfa« 
salt  dried  at  15U°  is  highly  electric,  but  liAsea  this  property  a8  it  absorbs  moisture  from 
the  air.     (Berzelius.) 

According  to  E.  Sehmid(Ano.Ch.  Pharm.  xcvii.  226),  the  precipitate  of  calcic  oxalate 
obtained  by  mixiiig  uvutral  sulucious  of  chloride  of  calcium  and  potaasic  oxalate,  and 
left  to  dry  for  a  consid'^mble  time  at  ordinary  temperatures  in  the  air,  or  for  a  shorter 
time  in  vacuo  over  fiulphurie  acid,  consistn  of  (?Ca"0*.2HH)  (water  by  anaJyaia,  12*1 
per  cent,;  by  calculation,  12*1^  The  precipitate  thus  obtained  did  not  exhibit  distinctly 
angular  terminations,  even  with  a  magnifying  power  of  300° :  but  that  which  was  pro- 
duced  by  slowly  adding  a  solution  of  potitsNto  oxalate  to  aoluiion  of  chloride  of  calcium, 
exhibited  under  the  mieroeeope,  deiidritea  and  laminae  made  up  of  oblique  prismatie 
tables,  and  appeared  to  oonaist  of  a  mixture  of  the  hydrates  C'Ca''0*.2H>0  and 
C«Ca''0*.H*0. 

According  to  Souchajy  and  Lenssen,  oxalate  of  calcitun,  dried  in  the  air  at  ordi- 
nary temperatures,  contains  sometimes  1  aU,  sometimes  3  at  water;  and  when  dried 
at  100°,  always  1  at.,  half  of  which  is  given  tiff  at  180'^,  and  the  remainder  at  a  Icoh 
peratnre  considerably  above  200*^;   on  exposing  the  anhydrous  salt  to  the  air,  the  1  at 
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'  water  ia  quicklj  reabsorbed,  A  salt  with  2  at.  water  does  not  appear  to  exist. — Ox- 
aUte  of  calciam  precipitated  at  the  boiling  hp-ttt  from  a  mixture  of  solutions  of  clilurida 
of  calciitm  and  oxalate  of  iimmoDtum»  contains  C'Cu''0*.HK) ;  bo  likewiae  whrn  pre- 
cipttatofi  in  the  cold  from  concentrated  solutions,  whether  neutral  or  alkaline  ;  hut  the 
aalt  ptTripsted  in  th«»  cold  from  dilutee  solutionn.  ib  iilwuya  a,  mixture  of  C*Ca''0*.H^O 
and  C'Cft  O'TyH'O. — On  tidding  a  Fmall  qunntity  of  chloride  of  calcium  to  a  satumtcd 
solution  of  oxuUc  acid,  aprecipiute  is  formed  conristingofmicroflcopicczTBlallineluminne 
and  contaiaing  C'Ca"0*.H*0  ;  and  on  adding  a  small  quiintity  of  oxalic  acid  to  a  large 
excess  of  chloride  of  calcium,  a  ^mmy  precipitate  is  obtainpa  of  the  same  composition, 
and  appearing  uiidrr  the  microscope  as  an  ijidistioct  crystalline  mass;  but  br  adding  a 
small  quantity  of  cliloride  of  calcium  to  a  very  dilute  solution  of  oxalic  acid,  there  is 
formed  after  awhile,  a  precipitate  consisting  of  square  prismatic  crystals  of  the  tri- 
hydrated  salt,  logrther  with  obliqiip  prismatic  (monoclinic)  crystaU  of  the  monohy- 
diute,  the  former  buing  in  larger  pmporrion  as  the  oxalic  acid  wlution  is  more  dilutee 

The  square  prismatic  cryHlaTa  of  calcic oxjjato  occurring  in  plants  {Mnmillaria  quaiU 
ritpina^  Crrrujt  sent/it,  Mrlvcactus  macroaeanlAus,  &c),  are,  according  to  Schmid, 
C'Ca"0*.3H*0  ;  thf^  gire  off  two-thirds  of  their  water,  slowly  when  exposed  to  the 
air,  more  quickly  in  rarefied  air. 

A  Holution  of  calcic  oxalate  in  hot  ht/drochl^rie  add,  deposits  crystals  of  the  salt 
CCWO'^H)  (£.  Schmid).  According  to  Souchay  and  Lcnssen,  this  salt  is 
deposited  on  cooling*  when  oxalate  of  calcium  is  added  at  10U°,  to  hydrochloric  acid  of 
specific  gravity  less  than  I'lO,  in  quantity  snJTicient  to  saturate  it;  but  if  the  solntion 
is  not  wituratcd,  it  depoHits  after  some  time,  square  prismatic  crystals  consisting  of 
CCa"0*,3H"0. — By  adding  oxalate  of  calcium  to  warm  hydrochloric  acid,  of  specific 
grarity  1*10  or  higher,  duuble  salts  are  obtained  in  Hcidy  crystals,  conaiatinfl  of  oxalate 
andchlorido  of  calcium.  With  acid  of  120  specific  gmrity,  Souchay  and  Lensseo 
obtained  the  aalt  4C"Ca''0*,Ca''Cl".24H'O.  Fritasche  (Pngg.  Ann.  xxviii,  121),  by 
a  similar  pmcess  obtained  an  oxalato- chloride  containioe  C^Ca"0*.Ca"Cl'.7HK), 
which  was  not  obtain*^  either  by  Schmid.  or  by  Souchay  and  Lenssen. 

With  nitric  add^  oxalate  of  cjUcium  liehaveflin  thoHame  manner  a«  with  hydrochloric 
acid,  excepting  that  it  is  insoluble  in  strong  nitric  acid,  and  therefore  does  not  yield 
any  oxalato-nitr&te  (Souchay  and  Lenssen).  According  to  Schmid,  a  aulution 
of  calcic  oxalate  in  hot  nitric  acid,  deposits  monoclinic  lamina  of  the  mouuhydntttMl 
■alt,  the  last  mother-liquors,  however,  yielding  free  oxalic  acid. 

OxALi.TBa  OP  Cbricm.  o.  C<rou$  OxaJnU. — Oxnltc  acid  and  alkaline  oxalates 
added  to  cerous  salta  throw  down  hjdrated  cerous  oxalate  in  the  form  of  a  white  powdor, 
lrhich»  when  heated  in  a  close  vessel,  gives  off  water,  carbonic  oxide,  and  carbonic  an- 
hydride, and  leaves  a  mixture  of  cenr>«o-cpric  niido,  with  a  Mmall  quantity  of  carbide  of 
corium  (Beracliua).  The  salt,  when  prepared  with  cerous  oxide  free  froia  hiuth- 
anum,  contains  3  at.  water,  which  it  does  not  part  with  completely  even  at  269°*  When 
more  strongly  heated,  it  braves  a  black  powder  which  takes  fire  is  the  air,  and  hurmi 
till  it  LB  converted  into  eerie  oxide  (Boringer,  Ann.  Ch.  Fharm.xlii.  143).  The  salt  is 
insolable  in  water  and  in  aqueous  oxalic  acid  (Bercelius).  It  dlseolves  without 
decomposition  in  hot  nitric  acid,  and  cryfitaUiBea  out  acain  on  cooling.  By  leaving  a 
Molution  of  the  salt  in  warm  moderately  strong  nitric  acid  to  evaporate  slowly  oTnr  causlie 
potaahf  it  is  obtained  in  well-dudncd  rbombohedrous.  No  acid  salt  is  formed.  If  the 
addistoo  strong,  or  heated  (o  boiling,  partial  dticomposition  takes  place.  (Holsmann, 
J.  pr.  Chem.  Ixxxiv.  81.) 

yhtatsio-ctrov-a  Oxalate,  C^KK^e^O',  is  a  white  powder  issolnble  in  wat«r,  and  leav- 
ing when  ignited  a  mixture  of  ceroso-ceric  oxide  and  potossic  carbonate  (Berxelius). 
The  insolubility  of  this  salt  udbrda  a  ready  means  of  separating  cerium  from  many  other 
metals  (i.  832). 

3.  Ceric  Oxalate  is  insoluble  in  water,  but  soluble  in  aqueous  aabammoniac.  The 
solution  when  evaporated  first  deposits  a  yellow  powder,  and  then  yields  lemon-yellow 
crystals.     (Berzelina.) 

OxALATBS  OF  Chbomium.  NeutToI  oxalfttc  of  ammoniumfbrmft  withaBolution 
of  chromic  oxide  in  hydrochloric  acid,  apalogrfpn  pnlvftnd*^nt  precipitate. — The  solution 
of  chromic  hydrate  in  oxalic  acid  prepare<i  in  the  cold,  has  achnrry-red  colour:  the 
solution  prepared  at  the  boiling  heat  is  green,  but  becomcH  cherry-coloured  on  cooling. 
It  dries  up  by  spontaneous  evaporation  to  a  violet-black  vitreous  masa,  but  the  green 
solution  evaporated  over  the  water-bath  yields  a  green  mass.  The  solutions  ore  not 
precipitated  eitiier  by  ammonia  or  by  calcium-sol  Is,  but  give  a  precipitate  with  lime- 
water,  and  when  hot  with  pot-oslL 
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Vilth  alkaline  and  earthy  oxaUtea  those  wlutiona  jrield  two  atxim  of  doubl 


Btoo  B«1U     CXJr'Td'O'* 


and       C'«Cr«M*0* 


Bad  Miti     C'Cr^'^O* 


fwd       CKlAirO'* 


o» 


Cintf-J 

(c<b») 

<fr»M 
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The  forraola  of  tb«redMlt«(oontainiiigalkah'-meUlj)  may  also  be  writl«i  OKVTW)* 

CCr*0".  The  two  series  of  salts  are  analocons  in  compositioD  to  the  acid  and  hni» 
acid  oxalates  of  potassium.  C*HKO*  (tripled)  and  C^H'KO',  the  8  at.  hjdrogea  betq| 
ivplacod  bv  1  at.  triequirulent  chromiuni. 

JmfTumtum-salU.—Tho  >.lue  salt.  OCr"(NH*)«0".8H*0,  is  obtained  by  aatnratj^ 
acid  oxalato  of  ammoDium  with  chromic  h^dmte,  and  separates  on  evuporatiun  initio* 
sealas  isomorphoos  with  the  blue  potassic  salt  (H.  Kopp).  It  disttoU'es  in  l\  pL 
whtet  at  la^,  and  in  a  Hmnller  quantity  of  boiling  watpr. 

The  rrd  salt  OCr'*(NU*)0".4E'0.  exiictlj  mtembles  the  correspoDding  poUsHim- 
salt,  and  is  nblninod  iu  a  tiimilar  manuer. 

Arfffnto-chrvjnic  Oxalate^  CCV'A^'O^.JH'O,  is  deposited  in  dnrk  bine  shining 
needles  vh^n  a  mixed  solution  of  silvcr-nitnito  and  blue  potnssio-chrrjniie  oxalaif  it 
'.eft  to  evaporate.  It  dissolves  in  9  pts.  of  boiling  water,  and  in  &  rather  lorgor  qna&- 
rity  of  c*ila  wuter. 

Boryto-rhromie  O^laU,  C"Or^n»0»M9H'O,  also  with  18H«0.  Prpcipitat«d  on 
mixing  tt  bnriuTTi-salt  with  a  solution  of  blue  ammonio-  or  potassio-ctirontic  oxalslff. 
Small  (liirk  violet  needles,  nearly  insftluble  in  cnid  water,  soluble  in  about  30  pu.  of 
boilin;;  wntor. 

Caicio-vhroinie  Oxalate,  C"t?r»Ca>0«M8H«0;  also  with  86H'0.  Dazk  violet  bQ^ 
necdltjs,  slighUj  soluble  in  water. 

Plitmbo-chromic  Oxalate,  C'»C'rT'li*0*M5H'0.  Blue  precipitate  formed  on  nixing 
the  solutions  of  acetate  of  letki  and  blue  potassio-chmniic  oxalate, 

Fottusio-citromic  Oxahtet.—a.  iihteMli.  C*Cr"TC»0'».3HS0.— Pivpare^  by  aat 
a  boiling  solution  of  acid  potaaaie  oxulute  with  clironiic  hydrate,  or  by  disaolring^' 
aid  of  hrnt  1  pt  acid  chromate  of  potiutsiam,  2  pts.  acid  oxalate  of  potassinm, 
2  pL^.  oxMlicacid  in  1  pt.  of  water.  In  theUlterraae  the  chromic  acid  is  first  redneedln 
cbruniic  uxide  by  the  oxalic  acid,  whence  there  rpsults  a  disengMpement  of  carbonic  an- 
hydride. The  salt  crystnllines  in  l.irgo  monoclinic  prisms,  block  by  roflecHnn.  and  <rf 
a  fine  blue  colour  by  transniitt*-d  light.  The  dominant  fiiccs  are  ooP.  [  o^Pf],  [  xPac  L 
QBptao  ,  and  t]ie  prisms  are  tprminated  at  the  ends  by  the  fiiees  +  P  equally  derelopet 
(like  fig.  30,  Cbtstalloorapht,  ii.  165),  or  with  +  P  or  +Pao  prtHiomitiant.  Ralw 
of  axes  a  '.  b  :  c  -«  0-999  :  1  :  0-39o.  Angle  of  axes  »  85^ ;  +  P  :  -f  P  in  ths 
arute  cliDodiagonal  terminal  pdgcs  =  1.38°  48'  ;  — P  :  — P  in  the  obtuse  ed^-«  =  IW* 
3i';  +P  :  -P  in  the  ortbodiagonal  terminal  edges  -  139**  42*;  +P  :  -Pin 
the  bftsol  edges  =  58*^  19';  ooP  :  ooP  -  about  90°;  [<»P|]  :  [ooi^j  m  the 
ort-hudiagoniil  prinnpial  aeetion   =   112°  30*. 

The  salt  dissolvea  in  &  pt«.  water  at  16*^;  the  solution  is  groen  by  reflection,  red  hy 
tTau8mi»»ion.  If  bulled  and  then  evaporated  it  leave?!  a  green  amnrphoas  rosndua, 
which  however,  if  redi«Holved  in  water,  again  yields  bine  crystals  on  evaporation.  The 
Sfilt  gives  off  11  per  cent,  water  (3  at.)  at  100**. 

3.  Rrti  salt,  C*Cr*"KOV4H»0.— Obtained  by  saluruting  hyperacid  oxnlnte  qnad- 
roxalate)  of  potaHsium  with  chromic  hydrate.  CryMallises  in  amall  rhnndmidal  tablets 
or  dark-red  grains  (Croft,  Phil.  Mag.  [3]  xil  197).  The  cryatals  are  roonoclinic^  ex- 
hibiting the  dominant  combination  oP.  ooP.  [  ooP2]  .  ooPoo  .  [  e»Px  ]  .  +  Foo.— Pao 


I 


6  :c  •=  0-8061  :  1  :  111583.     Angle  6  :  c   =  70*'  33';    »P :  »»P 
-      -     "--       -     --  -         p  „     1200  41*:  oP: 

The  crystals  disaulro  in 


Batio  of  axes  a 

(clinod.)  -   81*^    17':    [or>P2]  :    [  eDP2]   ^  46"  27' ;    oP 

—  P»   -  142°  26'  (Rammelsberg,  Pogg.  Ann.  xciii.  24y. 

rather  more  than  10  pts.  of  cold  wafr;  th^  solution  in  cold  watoris  cherry -col  oared 

that  made  with  boiling  water  is  blackish-green.     The  sohitinn  if  boile^l  and  then  left 

•  Cr  s   W4 ;  dircmk  cbloridfl  =  OrCl*. 
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I  to  itself  for  •  few  days,  dcposita  garnet-red  ciyatala,  bulif  eTaporat«3  immediately  orer 
ythe  wmter-batb,  it  leaves  a  preen  amorphoas  nuuts. 

Sudit^-ckrtymio  Oxalates.  The  i/f/r  Wf,  0*CV"Xh'0".jH'0,  is  obtained  in  hexagonal 
l-plutcs  or  rbomboidal  prisma  hj  saturating  a  builiug  solution  of  acid  eodic  oxiJute 
J  with  chromic  b/drate.  The  cryttals  are  black  by  reflection,  deep  blue  by  trans- 
[aissioD,  slightly  etKopescent,  very  soluble  in  water  (Merlin).  They  are  monodinic, 
I  exhibiting  the  oombinatioo  oP  .  +  P  .  —  F  .  obP«  .  [  ooPao  ]  .  wP.  Kutio  of  axes 
;  A  :  c  «  07218  :  1  :  08803.  Angle  6  :  c  «  79^  20';  oP  :  +  P  «  120** ;  oP  : 
P  -  128=*  12';  oP:  »P  -  96^  20';  odP  :  »P  (cUnod.)  -  73"  25'.  Clearuga 
[perfect  parallel  to  oP.     (Rammelsberg.) 

According  to  Kammr>lt)berg,  a  solution  of  cbromic  hydrate  in  acid  sodie  oxalate  yields 
[  flrsi  a  red  and  afterwards  a  blno  stxlio-chromic  oiLalute,  the  two  salts  having  the  same 
composition  (?),  and  the  red  salt  also  furmiug  monuclinic  cryatala. 

OxaLaTEH  or  Cobalt,  cl  Cobaltoua  salts. — Umiral  cobalious  oxalate, 
C*Co''0*.2H'0,  obtained  by  digesting  the  carbonate  with  excess  of  oxalic  acid,  is  b  rose- 
red  powder,  nearly  insoluble  in  water  and  oxalic  add,  easily  soluble  in  aqueous  ammonia. 
A  blue  basic  salt,  CCo''0*.2Cu''lP0',  i:i  obtained  by  treating  colialtuus  oxaUte  with 
boiling  aqaeooa  oxalate. 

A  potassio-cohaltoug  oxalate  is  obtained  in  rosa-eoloured  rhomboidal  cryatala  insoluble 
in  water,  by  dissolving  cobultoua  oxabite  in  a  boiliug  solution  of  the  neutral  potossid 
salt.  Cubidtous  oxalate  diiisolvos  also  in  a  hot  solution  of  the  acid  ammoiiium-sult ; 
but  the  liquid  when  left  to  evaporate  depoaiLs  roao-coloured  sparingly  bolublo  cr)'sttds 
coDtaiaing  only  a  small  quutitity  of  cobalt. 

Oxalate  of  £Ua/^rtlcvt^^((//J//lfmt■«//^,  2[CXCo''N*H«)"(Ni"N'II«y'0"].9H*0,  was  ob- 
tained by  Rautenberg  (Ann.  Cb.  Pharm.  cxiii.  36U)  in  separating  nickel  and  cobalt 
by  Laiigier'i  mHthod  (i.  10^9).  being  deposited  after  some  weeks  (rom  the  ammoniacal 
c^ulution  from  which  tbe  greater  part  of  the  nickel -oxalate  bad  prerioasly  separated. 
Jt  farms  traosparetit  cherry-red  triclinic  prisms  wliich  give  off  all  their  water  of 
cr}stiillitmlion  at  lUO'^,  crumbling  to  a  brick-red  powder,  and  ammonia  at  160*^.  It  is 
iu^uluble  in  water,  easily  soluble  in  ommoaia,  the  solution  when  lelt  to  evaporate, 
dfputtiting  oxalate  of  uiiJcel-ammauium  while  a  cobalt-satt  remains  in  solution. 

iS,  CoOaltic  salts.  A  solution  of  coboltoua  oxalate  in  strong  aqueous  ammonia 
It^fl  to  eraporatf)  in  contact  with  the  air  deposits  large  deep-red  crrstals  containing, 
accordingtoL.Gmelin  (ifan(f^*,  ix.  16^  3C*0".12Nfl».Oo'0".3H*0,  whichmaybe 

represented  by  the  formula         (jji  I-q,  .3H'0.     The  ezystals  are  sparingly  soluble  in 

water  and  in  aqueoua  ammouia,  and  when  boiled  with  potash,  give  off  ammonia  and 
di.'[>osit  bruwu  piroiiJo  of  cobalt 

Other  amoiouiacal  cobaltlc  oxalates  aredescribed  under  CoBiXT-BASis,  Aiucukucal 
(i.  1U61). 

OxALaTBS  OF  CoppsB.  Neuirol  cvprtc  Oxaiatf^  2C'Cu"0'.H"0  (according  to 
Lowe,  Jtihresb.  1860,  p.  243\  is  a  lif!ht  greenish-blue  precipitate,  insoluble  in  water, 
nearly  or  quite  insoluble  in  oxalic  acid,  but  easily  soluble  in  the  nctitnd  oxalates  of 
ammoniam,  potahsium  and  Hodium.  It  dooa  not  give  oflTlbc  whole  of  its  water  eTea  at 
120°,  but  decomjxiHiJB  at  a  somewhat  hipher  t-'mprature. 

Ammonio-cupric  Oxalate,  C*(NH*)'Cu'*0'.2H'O,  obtained  by  dissolving  capric  oxalate 
in  the  neutral  ammonium -salt,  or  cupric  oxide  in  the  acid  ammonium-salt,  forms  dark 
blue  rhombic  plates  permanent  in  the  air,  sparingly  soluble  in  water,  with  partial 
decomposition. 

Oxalate  of  Cftprammontum,  C(N*H"Cu'*)''0*.H'0,  is  obtained,  by  evaporating  an 
ammoniacal  solution  of  cupric  oxulate,  in  short  flattened  hexagonal  prisms,  of  a  dark- 
blue  colour :  it  eflloresces  on  exposure  to  the  air.  piring  off  water  and  ammonia. 

Oxalate  of  Copprr  and  Cuprammonium,  C*Cu'*(N'H''Cu'')  0*.  is  deposited  as  a  sky- 
blue  crystalline  powdor  when  ammonia  is  treated  with  a  larger  quantity  uf  cupric 
oxalate  than  it  is  capable  of  dissolving. 

Liihio-cupnc  Oxalate.  C*Li*Cu"0".2H*0,  is  deposited  in  blue  crystals  by  spontaneous 
evaporation  of  the  solution  obtained  by  boilins  add  lithic  oxalate  with  cupric  oxide  ; 
whcu  redihsolved  in  water,  it  suffers  partial  decompuaitiuD  (Trooat,  Ann.  Ch.  Pbys. 
[3]  IL  103). 

Pntassio-cttpric  OxnUte  crystalliaes  in  blun  rhombohedrons,  C*K*Cu''0'.2H*0,  spar- 
ingly soluble  in  water,  or  in  liattoncd  needles  containing  C*K'Cu"0*.lH"0.  It  is 
decomposed  by  boiling  water,  with  sepanition  of  cupric  oxalate. 

Sodio-cupric  Oxalate,  C^Sa-Cu'O^ZH^O,  forms  dark  sky-blun  often  flaUened  needles 

OxALATB  OF  DiDTMtvM.     C^i"0*.H*0;    abio  with  1H*0.— Pulvcnileat   and 
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white,  with  a  alight  tinge  of  rt>«o-<!oloar.  when  precipitnted  from  neatral  PtUslieM;  ^ 
when  nxlinriolTed  by  the  lud  of  heut  in  C'zc<«9  of  nitnc  or  hydrochloric  acid,  H  Mnniha 
Bn  tlie  Ijqaid  cools,  in  thf-  ^'rnnuliir  ami  crystalliDe  stste,  aoixiathnem  evrn  in  ODifl,  tarn 
coloured,  rectangular  prisms  torminHt^d  by  fonr^sided  pymmidA  with  their  tuamtm/ti^ 
on  ihe  MlgcA  of  the  prism.  This  eudt  is  completely  insoluble  in  water,  uid  ncavlji*. 
soluble  in  ox&lic  add  and  in  very  dilute  inin«rul  acids.  The  air-dried  salt  \  mUi  4  c 
water)  giTea  off  aboat  20  per  cent,  water  at  100^,  leariog  the  monoh jdntad  ait 
(Mnrignao,  Ann.  Ch.  Phys.  [3]  xxxriii.  176.) 

OxALATB  OF  O Luci If  u II  remains,  whco  il«  aqseoQS  solution  is  erapomtcd,  a>i 
trunspureDt  gnromy  mass,  possossing  the  sweetest  tjiste  of  aU  ghMiavm-alii 
(Vauqnelin.) 

Ammonio-glucinic  Oxalate,  C*(NH*)*G"0*,  forms  trimftric  crystals  exhibittq^Oi 
tombination*  oePoo  .  »Pm  .  oP  ,  P  .  2P  .  ooP .  P«  .  P»  .  2Pao  .  4?* .  Htfifttf 
axes  at  bi  c  -  0*8769  :  1 :  1*7413.  Inclination  of  the  facra,  P  :  P  in  tlM  hndj^ 
diagonal  principal  section  »  121°  60';  in  the  macTodiagonal  =  111°  24';  rails 
baaal  seotion  -  98'  44';  2P  :  2P  in  these  three  sectinna  «  106°  6€^;  93°  KT  td 
132«  4';  -  odP:  ooPoo  -  138«  47* ;  oP  :  f*  -  143°  2r ;  oP  :  Poo  —  1J|P  U 
(S^narmont,  Jahnwb.  1867,  p.  296.) 

OxAi.ATRS  OF  Irox.  o.  /^i*rro««  «a/f«.— F«rrona  oxsl&(«  oerum  aa  'ii^ft 
or  kumholdtine,  2C'Ff6''0*.3H'0,  in  deposits  of  lignite.  It  is  rery  »oft,  luid  croaUa 
between  the  fingen,  has  a  density  of  213  —  2'489,  yellow  colour,  dnll  or  ali^df 
resinous  lustre,  and  when  insulated  acquires  negatiTe  dectricity  by  ftnction.  W^ 
tliroim  on  red-hot  coala  it  emile  a  tttrung  regetnUo  odour  and  lF>avps  a  rvnidae  whini 
ia  attracted  by  the  magnet  It  is  found  in  lignite  at  Koloeoruk  iu  liubfuiia,  at  Ott«> 
Almerode  in  Hessia,  and  in  shale  at  Ciioe  Ipperwash  in  Upper  Canada  (Ilaaa,  a.  4tt> 
It  appears  to  have  been  formed  by  the  decomposition  of  Kucculent  phinta. 

Iron  disAoWes  in  ozultc  add,  with  evolution  of  hydrogen,  and  the  b'qiud  vUci 
has  a  sweet  u^tringont  tuvt^,  grudually  deposits  ferrous  oxalate  n9  a  light-yetie* 
powder.  This  salt  Hepiinites  al.so  in  ainiillflhining  yellow  c-ryslaU  contAining  C*Ffe*0*, 
2H*0,  when  ferroua  eulphnlo  is  pn>cipitatod  by  oxaUc  acid  or  neutral  oxalat*  «( 
Dota.seium ;  also  when  u  >>olution  of  ferric  oxide  in  oxalic  acid  ia  exposed  to  suiwhiaf. 
lit  is  nearly  insoluble  in  cold,  very  sparingly  soluble  in  boiling  water.  Accopdia*  to 
'^Soachuy  and  Lenasen,  the  dihydrated  salt  duisolves  in  4,6U0  pts.  of  cold  and  3,SUo  {Ah 
<if  hat  water. 

When  the  dihydrated  salt  is  heated  with  the  strongest  sulphmic  acid  (H^SO*)  t^ 
liunic  oxide  andetirltonic  anhydride  are  evolved  and  pure  ferrous  sulphate  icraaina  to 
tlie  form  of  a  Hoft  while  powder.  But  if  Uif  flame  mlt  btt  heated  with  dilute  «iil|4BBn 
jii^id,  the  liquid  aHer  cooling  yields  cryutaU  of  oxalic  acid,  and  ferrous  Bulphafe  pnuoi 
i  n  sulut  ion. — When  ferrous  oxalate  is  dissolved  to  saturation  in  strong  hydrochlonr  sol 
at  a  boiling  heut,  the  liquid  when  quite  cold,  deposits  large  transparent  cxyvlalt  ol 
oxalic  acid,  and  afterwards  crystab  of  ferrous  chloride.     (Souchay  and  Lenssen.) 

If  ferrous  oxalate  be  added  to  boiling  solution  of  caustic  i>otusb,  the  boilLni!  bat 
boing  continued  for  some  time,  a  velvet-blHck  pn'cipitnte  of  ferrous  oxide  ia  prwioMt 
whli-h  huwei'er  soon  paiwes  on  the  filter  to  a  hijLr|u-r  aUxir-  of  oxidation.  Fenvua  oulltt 
boiled  with  fl  concentrated  solution  of  acid  ciirlHinatc  of  poLafieium,  yields  a  pcrfrdly 
wliite  precipitate  of  ferrous  carbonate,  which  likewise  oxioises  quickly  during  waahia^ 
(Bottgcr,  J.  pr,  Chem.  Ixxvi.  238.) 

Acid  $aU  f  A  solution  of  iron  in  oxoUc  acid,  yields  before  complete  aataratido, 
gree.nish -yellow,  very  soluble,  efBorc6c«nt  prisms  which  appear  to  be  an  acid  itmm 
oxalate,  or  according  to  Borreswil,  a  ffrroao-frrric  oxalate. 

rotajfsio'/errous  Oxalatr.  C*K«Ffe''0'.2n»0.— A  solution  of  ferrous  oxalaU  ti 
oxalate  of  potuasium,  depofHts,  when  mixed  with  alcohol  and  left  to  stand  for  24  hcran. 
oily  dmpH  of  this  double  salt  which  soon  solidify.     (Souchay  and  Lensson.) 

j8.  Ferric  eaiis.  When  ferric  hydrate  is  treated  with  a  quantity  of  aqueous  oxalic 
acid  not  sufficient  to  dissolve  it,  a  yellow  powder  is  formed  nearly  iuitoluble  in  wal«e, 
and  apparentlv  consifiting  of  neutral  ferric  oxalate.  The  same  salt  is  precipitated  n 
addiug  a  small  quantity  of  nf-utnil  potaiuiie  oxalate  to  a  ferric  salt.  It  diaaolfasio 
oxalic  ucid,  forming  a  soluliou  which,  when  ezpoaed  to  sunshine,  gruduallj'  asMiBS  a 
greenish-yellow  colour,  gives  ofiT  carbonic  anliydride,  and  deposits  crystals  of  ftnow 
oxalate  till  it  becomes  quite  colourless. 

Ferric  hydrate  dissolves  in  tho  add  oxalates  of  the  alkali -mctal^t,  forming  double  adta 
Ammonio-ferric  OstahU,  C*(NH*)Te"'0" — A  hot  solution  of  ferric  hjdrato  iasod 
nxslale  of  ammonium  deposits  this  salt  on  cooling  in  small,  anhydrous,  rhombic  octa- 
hedrons, having  a  greenish- white  colour  and  turning  yellow  when  exposed  to  light 
The  salt  dissolves  in  11  pt.  water  at  20*^  and  in  070  jjt.  boiling  water.  The  aqiwoia 
solution  exposed  to  sunsUiue  gives  off  curbouic  anhydride,  and  depoftita  ferrous  oxalttt 
in  the  fiirra  of  a  yellow  [VJwdtT. 
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Baiyif^ferric  Oxalate,  CnVPe^O'VOH^O  (?),  is  prpctpitat^don  rouiiiig  s  coocpn(rfte«d 
olutioD  of  the  ammonio-ferrie  wilt  iirith  fblorido  of  hiinuiu.  The  procipitate  ciystAlliMa 
I  boiling  wttter  in  grpcnish -yellow  silky  needles. 
Calcith/erhc  OjalaU  in  an  uncrj-stAlli'^iible  precipitate, 
Potasmo^ferric  Oxalntf^  OK'Fn"'0".3H=0,  eiystdlliswi  in  flattaned  prisms  or  Bcalea 
Tan  erner&ld -green  colour,  vbich  cfflorcaco  in  dry  air,  and  dacompoae  qoickly  whpn 
«ed  to  light,  depositing  firrous  oxalate.  It  is  iaomorpboiu  with  the  bloepotowio- 
omic  oxalate.    (H.  Kopp.) 

Sodio'ftrric  OxalaU^  C*Na«Fe'"0".3H'0,  also  forma  green  eryitala  moderately  Bolnble 
'in  wntvr.  The  crystals  are  monoclinic,  the  dominant  la^  being  oP,  -4-P|  —  P, 
wP.  Eatio  of  axes  a  :  6  :  c  «  0*7304  :  1 :  0-877.  Angle  b:e  -  79°  44*,  odP  : 
ttP  (cUnod.)  -  730  10';  +P  :  +P  (clinod.)  -  91°  12';  -P  :  -P  in  tha 
same  =  101°  22';  +  P:  -  P  (baaal)  -  lU"^  43' :  oP  :  +  P  -  119<'6«';  oP: 
—  F  B  128'^  19'.  Cleurage  easy  parallel  ro  oP.  (Rammelsberg.) 
Stroniuhferric  Oxalate  is  an  uncrystallisable  precipitate. 

Oxalate  of  Lamtuamux.  C'La''0*. — White  precipitate  insoluble  in  water 
nearly  insoluble  in  oxalic  add,  easily  soloble  in  nitric  acid,  neparating  from  this  solntioii 
like  the  cerotia  aalt  (p.  255)  iu  well-defined  rhombohedrons.     (Holzraann.) 

Oxalates  of  Lbad. — The  nrvtral  mU^  CTb''0',  is  a  white  precipitate  insoluble 
in  water  and  in  acetic  acid,  but  soluble  in  nitric  acid.  It  disaokes  also  at  the  boiling 
heat  in  nqucons  cliloridc,  nitratr,  and  succinate  of  ammoniuni,  but  is  insoluble  in  caustic 
ammonia,  and  in  the  carbonate.  The  dry  salt  beat«d  iu  a  retort  placed  in  iin  oil-bath, 
decomposps  at  about  SOO*',  giving  off  a  mirtnre  of  3  vol  CO'  to  1  vol.  CO,  and  leaving 
a  residue  of  suboxide  of  lead.     (Pelonze,  Ann.  Ch.  Phys.  [3]  iv.  11)4): 

2C'Pb"o<      «      aco*    -I-    CO    +    Pb»0. 

A  basic  oxalate  of  lead,  CPb''0*.2Pb"0,  is  obtained  as  a  white  powder  by  precipitating 
B  solution  of  ba^ic  occtato  of  lead  with  neutral  oxiilatr  of  axnmouiuiu,  or  by  boiling 
neutral  oxalate  of  lead  mtb  the  basic  acetate  (which  is  thereby  convened  into  uentrul 
acetate).  It  is  precipitated  in  snuill  shining  laminee  on  mixing  a  boiling  solution  of 
oxamide  with  nitrrito  or  lu-ctate  of  lead  containing  a  little  ammonia.  It  absorbs  car- 
bouic  acid  from  fbc  iiir,  and  is  ultimately  conTert<.>d  into  a  mixture  of  carbonate  and 
oeatral  oxalate  of  load, 

Pfiiajudo-jUvmhic  OTalate. — Acid  oxalate  of  potnfsinm  digested  with  hydrate  of  lead 
dissolves  a  small  portion  of  it,  and  the  &olutioii  yields  small  needles  which  are  per 
manent  in  the  air,  but  are  decomposed  by  alkulis.    (Wenzel.) 

Pb»    ) 

Oxaiato-nitratfs  of  Lead.— a.  The  normal  salt,  C'Pb''0*.N'Pb"0*.2H»0  -  f  C^')"    0* 

(K0=)'  J 
.2H'0,  is  produced  by  ponring  a  solution  of  neutral  lead-acetate  into  a  mixture  of 
dilute  oxalic  and  a  Ifirge  quantity  of  nitrin  acid,  or  dilute  oxalic  add  into  a  mixture  of 
dilute  lead-acttate  and  nitric  add;  also  when  oxalate  of  lead  is  dissolved  in  dilute 
nitric  acid,  or  boiled  with  a  strung  solution  of  lead -nitrate.  It  forma  rhombic  or  hex- 
agonal plates  having  a  nacreous  lustre;  is  slowly  decomposed  by  cold,  quickly  by  boil- 
ing water.     (Johnston,  Phil.  Mag.  [3]  xiii.  26.— Dnjardin,  J.  pr.  Chcm.  xv.  308.) 

Pb"    ) 
3.  A  baxie  salt,  C»Pb"'O».3N«Pb"O*.2Pb''0.3H'0      -     (0^0*)"  lO'*.3H»0,  is  formed 

(NO')"j 
when  oxamide  is  boiled  with  a  strong  Bolution  of  lead^nitnibe  mixed  with  amTnonia, 
and  separates  in  white  shining  crystalline  grains,  which  must  bo  wa5hrd  wifh  evtd 
water  and  dried  in  a  vacuum.  If  the  boiling  be  too  long  coiiticued,  while  the  liquid 
still  contains  neutral  nitmte  of  lead  (wliJeh  thereby  becomes  basic),  (he  salt  $  is  con- 
verted into  o.  The  aalt  fl  is  alto  formed  when  basic  oxalate  of  lead  is  boib-d  with  a 
solution  of  lead-nitrato  in  a  double  quantity  of  water,  the  eboIUtion  being  stopped 
tcfore  JB  is  converted  into  a,     [Pelonze,  Ana.  Ch.  Phys.  [2]  Ixiix  104.) 

Oxalates  of  Lithiuw. — The  jww^rrt/  boU,  CLi'O*,  obtained  by  nalnratiug a  hot 
BolntaoD  of  oxalic  acid  with  carbonate  of  lithium,  separates  on  cooling  in  indistinct 
nodulous  anhydrous  crjstals ;  it  also  separates  in  the  anhydrous  slate  from  it^  aqneous 
acluticn  on  addition  of  alcohol  '  1  pt  of  it  dissoWos  in  io  13-1  pts.  water  at  195'^. 

The  acid  salt,  CHXiO*.H'0,  forms  large  tabular  crystals  which  dissolve  in  12'8 
pts.  water  at  17^  give  off  their  water  of  crystaUiaation  at  100°  and  oxalic  acid  at  16t>°. 
^Souchay  and  Lenssen.) 

^  OXALATBS  OF  Maokbsicji^  C=Mg"0*.  This  Salt  IS  best  prpporpd  by  neutral- 
ising  oxalic  add  with  carbonate  of  magnGsimn  and  wusbing  witii  cold  water;  when 
precipitated  trom  a  mugnesium-sait  by  oxalate  of  potassium,  it  always  retains  a  portiou 
of  that  aalt.    Prepared  by  the  first  method,  it  is  a  while  sandy  powder  oonsLniing  of 
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CMg'OMH'O,  soluble  in  1500  ptJt.  of  wiitrr  at  IC  And  1800  pts.  of  bofling  »»ttt.  & 
girveoff  1-<A  per  cent,  water  at  1 00^  and  does  not  lotethewbolcof  it  errnatl4if  ;|«< 
15(1^  it  becomeit  anhjdrous,  at  the   Kametimc,  howeTur,  saffering  partial  deeowpotiiHL 

No  acid  ojulate  of  magnesium  or  doable  oxalate  of  magneaium  and  so<liiim  iffesi 
toexiit. 

Ammonio-matfnrtMn  OjalaUs. — A  rout^entruted  solution  of  chloride  of  mapiwi^ 
forma,  witboxiuatoof  aznmoaium,  a  precipitate  of  oxoluta  of  magxieaiuni.  vhicb  aiwji 
coiitiiiaa  small  quautities  of  thn  double  oxalate  of  magaeoiam  and  aiuinonium.  fi«i 
dilute  solntioa  of  chloride  of  miigneisium  ruijted  vith  oxnUte  of  amnioniuiny  ^M^maL} 
if  a  little  euQHtic  ammonia  is  udded,  yields,  after  staDding  for  some  time,  eijvtalfai 
cmat!*,  consiating  of  oxalate  of  magiieAium  and  ommuoium  and  oxalate  of  immothi 
in  equiriilent  (jroportioaa,  varyiu^  according  a*  the  mogneeiu  or  the  oxalate  of  ^ 
monium  pnvlominatfd  in  the  liquid  ;  they  duaolro  in  water  with  aeparation  of  oxaki 
of  magneaium. 

a.  C*Alg''(iN'H*)H)».fiC^NH*)*0*.9nK).— Obtained  by  adding  oxalate  of  mai. 
niam  to  a  magnesia  Holatton,  rendered  strongly  alkaline  by  ammonia,  and  then  maai 
with  a  qaautity  of  sal-ammoaiac  Bofficient  to  rediosolve  the  precipitate, — in  voeh  p»> 
portion,  that  the  magncnia  may  be  to  the  oxalic  acid  (C'HH)'.2H'0)t  aa  1 :  11< 
(•*4oiichay  and  Lenttsen.) 

3.  6C»Mg^(NH*)-0«.8C'(NH')'0*.2»H'0.— Bv  mixing  a  mugiaeaia  aolution  lith 
oxalitte  of  ammonium,  in  such  propoKion  that  the  mugneaia  may  be  to  the  oxoUe  ta^ 
u  1*0  :  63.     (Aouchay  and  Lensseo.] 

r  C*Mg(NH*)»0».4C'(NH*)'O*.8n»0  (Soucbay  and  Lenssen);  with  SPO 
(Kaysor,  Pogg,  Ann.  Ix.  143). — Prepared  by  groduidly  adding  reoentJy  fr^ 
cipitatcd  oxidate  of  rnHgneHiuni  to  »  boiling  conceutruted  soluliou  of  oxalate  of  •» 
monium,  till  tlio  former  oo  longer  dijMoh'tw.  even  after  loug  boiling.  On  filtering  h^ 
and  leaving  the  liquid  to  cool  quietly,  the  salt  7,  oefuirales  in  burd,  WMTty-.  czyiuliM 
cruMd,  having  the  appearance  of  enamel,  alightly  tiiiniilucent,  and  effloreaiciDg  in  llto 
air.  It  dissolves  pretty  readily  in  water,  with  purtiul  Reparation  of  oxaIat«  of  w^ 
Df^ium  ;  in  ammoniociil  imltji  it  forma  a  elt'iu*  solution. — At  10U°  it  gives  oflTlS'S  piranL 
(rather  more  thiin  6  at.)  water;  at  12(1^,  7  at.  in  all ;  at  \\\P  it  begins  to  deoBBpon 
and  a^Fume  a  brownish  tiuL     (Souchay  and  Lenasen.) 

8.C'Mg'(NH')»0«.6C'(NH')'0*.8H'0.-When  the  mother-Uquor  from  which  ti» 
preceding  salt  hiiti  cr}-»talliiit'd  is  mix<-(]  \vilh  a  little  water  and  ammonia,  and  set  i*i4t 
for  oome  weeka  in  the  cold,  it  dcpoaila  milk-^hite  crusta,  which  dir^aolre  ia  vnXtx  vilk 
partial  decomposition,  theAolalioo  becoming  turbid.  It  gives  off  12'16per  eeDt.(«faetf 
8  ut.)  water  at  100^.     (Souchay  and  Lensaeo.) 

€.  OMff  (NH*)»0».2C»Jfg"0«.2H»0  or  C*M^NH*)«0".2H^,  is  prodnc<»d.  aeeanliH 

to  Brandfs  (Hcbw.  J.  xxvii.  18),  wht-n  aqueous  chluride  of  magnesiuzn  is  mixed  vili 
neutral  oxalate  of  ammouium,  especially  ia  presence  of  exceas  of  ammooia,  andisgnd- 
ually  depoeited  in  crystaUine  crusta.  Souchay  and  Lenssen  did  not  suceeedio  ]»• 
poring  this  suit. 

I'vUiMivmaynrsic  Oxalatr,  C*K'M^0*.6H*0. — Deposited  in  white  needles  vba  a 
strung  solution  of  neutral  potait^ic  oxalate  is  boil^  with  rttceutly  precipitated  oxalsli 
of  nmgnraiun),  uiul  the  fillf-rfd  liquid  is  left  to  coul.  It  effloresces  quickly  in  the  au; 
is  insoluble  in  cold  water,  and  is  decompos<-d  by  hot  water  with  sepamtioa  of  oxalite 
of  magnesium.     (Kayser,  loc.cit.) 

OxALATB  OF  MxNOAKBSK. — TMs  Salt,  whether  prepared  by  precipitating  ^ 
aolphateor  chloride  of  manganese  with  oxalic  acid,  or  by  treating  the  carbonate  of  mir 

fLDese  or  miingiinoso-mangiinic  oxide  with  oxalic  acid,  cuntainH,  in  the  air  dried  stot^  j 
at.  water.  Souchay  and  Lenssen  (Ann.  Ch.  Pharm.  cii.  47)  found  in  it,  37'SI 
pep  cent.  MnO,  the  formula  2CiIn''0*.fiH*0  requiring  37'83  per  cent-  1  pL  of  Ikii 
nydrated  salt  diasolves  in  2460  pts.  of  cold,  and  in  1250  pta.  of  boiling  water ;  bntl^ 
solubility  is  very  greatly  increased  by  the  presence  of  a  trace  of  potuaaic  or  •^yiMi-'*** 
oxalate.  At  IUQ°,  according  to  Soucha,v  and  Lenssen,  it  gives  off  all  it^  water  (ai  1 
previoualy  found  by  Liebig,  Ann.  Ch.  Pharm.  xcv.  116). 

These  results  are  at  variance  with  those  obtained  by  other  chpmiiits.  According  ts 
Graham,  tho  salt  containij  J  at.  wutiT,  the  whole  of  which  it  retains  itt  100°  ;  oociffd- 
ing  to  Hanamaan  and  Lowenthal  it  contains,  ai^er  drying  at  100°,  2  at.  water. 

According  to  H.  Croft  (Cheni.  Gaz.  1857.  p.  62)  the  quantity  of  water  contained  ia 
raongunous  oxalate  varies  with  the  temperature  at  whicli  it  is  precipitated.  Hot  coo* 
cutraled  solutions  of  maneanous  nulpbate  and  oxalic  acid  yield  a  wliile  granuLir  pre- 
cipitate consisting  of  C^Mn-O'/^H^O,  which  docs  not  give  off  any  water  at  l(XP. 
(This  agreee  with  the  star«raent  of  Hausmann  and  Lo  wen  thai.)  In  a  solution  «i 
nmngnnons  snlphate  in  30  pts.  of  wat^r,  oxalic  acid  produces  a  precipitate  which  fas*  a 
faint  violet  colour,  but  in  a  few  days  bocomes  white  and  granular,  and  exhibits  thi 
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nme  compoflidon.  When  mang&noua  sulphnte  dlMolvpd  in  30  to  100  pt«.  of  -water  is 
precipitAtod  by  oxalate  potassiurn,  a  pale  riolft  crvKtulline  precipitato  la  obtAitifyl,  n*- 
Bftmbling  benzoic  acid  and  (jontaining  C'Mn"0*.3U*0.  It  is  tinalwrablo  in  the  air  at 
ordinary  tempprnlurea,  but  at  100*  gives  off  1  at.  wsterand  turns  whit*.  When  beatrd 
for  some  tim*»  intiienir,  it  yiolda  red  ciyrtalline  mangrtnic  oxide  (Croft). — Theeestali*- 
tnpnts  are  confirmed  by  Gorccu  (Compt.  ppnd-  xlvii,  929).  Oxalic  acid  mixed  wiih 
excess  of  rnnnfranoHfl  milphnte  in  the  cold,  yields  roee-coloured  priamatic  needlee  of  the 
Bait  C*Mn'"0*.3H*0 ;  but  when  a  very  hot  solution  of  oxalic  acid  is  mixed  with  a  hot 
eolation  of  a  raungnnous  salt  litl  a  precipitate  b*^f;ina  to  form,  and  the  liquid  ia  th<D 
left  to  cool,  while  flattened  octuhedrona  arc  obtained,  consisting  of  CMn  0V2HK). — 
The  red  salt^  when  dried  in  the  air,  gives  off  1  at.  water  and  turna  white  ;  but  in  vacuo 
and  eren  at  95**,  it  retains  it.«<  i-od  colour,  although  it  loses  tlie  greater  part  of  it«  water. 

Ammonio-manganoHa  Oxalate. — Oxalate  of  manganese  forms,  with  oxnUte  of  am- 
nioninm,  a  aeries  of  doable  salts  varying  in  composiKon  according  to  the  degree  of  dilu* 
tjon  and  the  proportions  in  which  the  conotituent  salta  are  mixed. 

a.  C*Mu''(NH*)*0*.2n*0  in  obtained  by  adding  oxalate  of  manganeac  to  a  boiling 
aaturated  solution  of  oxalate  of  ummonium,  and  filtering  the  rose-coluurKl  aolntion  while 
still  hot.  The  crystalline  cniwts  composeid  of  microwopic  square  prisma,  which  first 
separate  from  the  liquid,  consist  of  the  aalt  a.  The  motber-liquor  yields  crystulB  of 
different  compn^ition.     (Souchay  nnd  Lensaen.) 

$.  C»Mir\NH*)*0«.C«(NlI*)»0*.jH'0.— The  mother-liquor  of  the  salt  a.  fi!tert4 
and  left  ro  itself  fur  twenty-four  houra,  deposited  crystalline  crust*  consisting  of  micro- 
scopic priftma  which  gnve  by  analynifi  15  24  pf^v  pent.  MnO  and  46  20  CO*,  the  formula 
of  aalt  ^  rrqiiiring  16.37  MnO  and  46*53  CO". 

7.  C'Mii"^NH*)«Or4C(NH«fO'.8H«0.— Themother-liqTioroffl  mixed  with  wat#r, 
yielded,  aft^r  standing  for  a  day,  crystalline  crusts  containing  7'44  per  cent.  MnO  and 
47-48  per  cent  CO' ;  the  formula  7  requires  7-84  per  cent  MnO  and  47fi7  CO*. 

I.  The  mother-liquor  of  7  deposits,  after  standing  for  some  time,  crystalline  crasts 
containing  6- IS  per  cent.  MnO  and  4982  CO",  agreeing  with  the  formuU  C*Mn"(NH*)H)*. 
C(NH*)'0V8H*O,  which  require  6-17  MnO  and  49-86  CO". 

All  these  aalls  are  decomposed  by  WHt^r  and  effloresce  rapidly  in  the  air.  The 
colour  is  reddish  or  white  according  to  the  proportions  of  manganese  contained  in  them. 
Those  which  contain  a  targe  proportion  of  manganese  separate  in  small  prisms,  while 
those  with  a  smaller  quantity  of  manganese  are  deposited  in  crystalline  cruats  or 
nodules,  and  always  after  the  solution  has  been  left  at  rest  fur  some  time.    (So  ucba  j 


and  Lensaea.) 

OthUiU  of  ManganfM  and  Manffanammnnhim. 


CMn*(N«H"Mn'')''0«.6H»0.— 


VTheu  a  boiling  solution  of  oxalate  of  ammonium  is  saturated  with  oxalnte  of  manganese, 
the  liquid  filtered,  and  ammonia  added  till  tlic  filtrate  Rraells  slightly  of  it,  a  white  or 
•lightly  green  crj'atulline  powder  is  precipitated,  consisting  of  transparent  microsm^ie 
crystals,  which  have  the  form  of  square  prisms,  but  are  so  much  truncated  that  they 
are  scarcelv  distinguishable  from  cubes.     (Souchay  and  Lens  sen.) 

Winkelblech  awaipned  to  a  «alt  prepared  in  a  similar  manner,  the  formula  4NH'. 
C«Mn''(NH*W".2CMn''0*.8H'0,  the  accuracy  of  which  is  called  in  question  by 
Qme\in{IIandhooJlc,  ix.  147).  The  salt  decomposes  quickly  in  contact  with  water, 
turning  brown  and  abtwrbing  oxygen.  At  100^  it  gives  off  fi  at.  water,  assuming  at 
the  same  time  a  faint  brown  colour.     (Souchay  and  Lenasen.) 

PotoMio-manganotu  Oxalati.  C*Mq"K*0".2H'0. — Obtained  in  reddish  crusts  by 
adding  manganous  oxalate  to  a  boiling  concentrated  aolutioa  of  oxalate  of  potassium, 
and  leaving  the  filtrate  to  cooL  Qires  off  uU  its  water  at  100**.  (Souchay  and 
Lenssen.) 

PotaMto-manganic  OxaM^r  is  best  obtained  by  saturating  3  pts.  of  oxalic  acid  with 
carbonate  of  potassium,  adding  4  pts.  of  oxalic  acid,  and  then  peroxide  of  manganese  till 
the  liquid  exhibits  but  a  faint  ueid  reaction.  The  purple  liquid  thus  formed  is  very 
easily  dccompo«ed  by  light  and  heat.  Mixed  with  alcohol  in  the  dark  and  in  a  vesmd 
externally  cooled,  it  deposits  potassia-manganic  oxalate  (probably  CMn['*'K'0".3H'0), 
in  purple-red  crystjils  which  however  cannot  be  dried  without  aecompo«irion.  (Sou- 
chay and  Lenssen.) 

Sodio-ntanffanous  Oxalate.  Oxalate  of  manganese  dissolves  pretty  frerly  in  warm 
oxalate  of  solium,  and  the  solution  deposits  crystalline  crusts  containing  variable  quan- 
tities of  mangancHe,  and  probably  consisting  of  sodic-oxalate  having  oxalate  of  man- 
ganese mechanlually  inclosed  wiuiio  it      (Souchay  and  Lensaen.) 

UxALATas  or'MBBCWHT.^o.  Mercurous  Oxalate,  C^Hg"0',  is  obtained  in 
tht  anhydrousstateby  heittingmercuricoxalateto  164*".  It  i*  also  produced  byheatinR 
mercarous  nitnite  with  excess  of  nuUic  acid,  as  a  white  precipitate,  whirh  ia  ioholuMe 
even  in  hot  water,  anil  obsitinatcly  retains  hygrowopio  water,  from  which  indi-ed,  it 
cannot  be  freed  without  decomposing  mtu  mercuric  uxalaioiuid  uietaUic  morcury  ;  this 
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decomposition  tAkins  pluco  at  100°.  The  samfl  products  are  ol>t&iD«d  vben  i 
oxide  is  heftted  witb  oxalic  acid. — The  onhydrotu  salt  obtained,  by  the  first  ov^W^I 
begins  to  decompose  only  nt  175*^  (Sonchayand  Lenssen).  Aooordin^  to  HwflJ 
(N.  Br.  Arch.  t.  2fl4)  mercarouB  oxalate  obtained  bjr  precipitation  &nd  dnedat  tfll^| 
containB  C»Erg*0'.H>0.  .    .      .     ,  I 

MtTcnroiu  ox«late  is  insoluble  in  ozulic  acid,  easilj  soluble  in  hot  nitzic  aed.;  u\ 
cyanide  and  snlphoc^anata  of  potassium,  it  dissolvra  very  easily,  with  wryntiiatfj 
m(»tiLlUc  mercnry;  it  is  also  somewhat  solahle  in  ammonia-ealts.  Heated  wrtli  f--*-^^ 
of  potassium,  sodium,  or  ammonium,  it  forms  double  mercuric  oxaIat«e,  with  i 
of  mercury.  It  df^tonates  when  heated. — With  ammonia  it  foruiB  a  grc^ 
powder,  Hupposod  by  HarflTto  be  SHg^.2NH*.CK}';  it  doea  not  however  a|^«rt»lj 
of  constant  corapoaition.     (Souchayiuid  Lenssen.) 

Mercuric  Oxalate,  C'Hg^O\ — Obtained  pure  as  a  white  amorpbona  povd«,lf1 
adding  a  solution  of  mcnrurie  nitrate  to  excess  of  oxalic  acid,  or  by  prolonged  digettioa  ■  1 
yellow  mercuric  oxide  with  oxuUc  acid  (Souchsv  and  Lenssen).  It  is  dec 
by  heat,  giving  off  carbonic  anhydride  and  metallic  mercury.  When  drTi  it  < 
Tioleutly  on  being  rubbod.  It  is  easily  soluble  in  hydrochloric  acid,  leas  i 
cold  nitric  acid,  insolubla  in  oxalic  acid.  Becompoeea  by  carbonate  and  pboi 
so^lium.  Heated  with  solution  of  aul-ammoniac,  it  givce  off  carbonic  annyd 
yields  oxalate  of  ammonium  and  mercuruus  chloride.     (Sonchay  and  LeusseiLy 

Ammonio- mercuric  Osaiate,  G'Hg'fNH'yO'.'^H-'O.— Precipitated  on  adding  Koitlf  I 
precipitated  morcoric  oxalate  to  a  boiling  concentrated  solution  of  neutral  oxalate  of  •»■  J 
mnnium,  in  whito  microscopic  needles,  easily  docomposed  by  light  and  beat.  I4ai1 
12-d  per  cent  of  its  weight  at  100^  and  decomposes  with  a  hissing  coiae  at  a  bi^J 
temneraturo>  Iraving  no  reaidue.  It  is  decomposed  by  water,  and  doea  not  disaoltc  a] 
aloonol  or  ether.     (Souchay  and  Lenssen.) 

Oxalate  (if  Tetra-mercurammonium  has  been  already  described  (iiL  918). 

PotasriO' mercuric  Oxalate.   C*Hg''K'0'.2H'0. — Prepared  like  the  precedii^ 
white,  beautifully  irideacent  crystalline  scales,  which  under  the  microscope  appi 
square  pnsnis.     It  \b  decomposed  by  water  gires  off  water;  and  tuma  black  at  J 
and  is  partially  decomposed  by  light.     (Souchay  and  Lenssen.) 

Mercuric  onalat*t  does  not  dissolve  in  oxalate  of  sodium. 

Oxalate  or  Moltbdbhum    (Berzeliaa,  Fogg.  Ann.  vt  348). 
Oxalate. — Bark  grey  precipitate,  whi(ji  turns  black  when  dried,  and  ia 
ublo  in  excess  of  oxaho  acid. 

PotasfiO'tRolybdoiu  Oxalate  is  purple  and  solublo  in  water. 

Moijfbdio  Oxalate  ctystallisca  in  bUckifih-blue  crystals  when  tbo  aqueooa  BolnticBB 
left  to  evaporate  n>on tan eously.  From  it <t  solution  in  water,  which  u  red,  ■wt*ti>Bi| 
throws  down  a  pale  brick-red,  basic  salt  insoluble  in  excess  of  ammonia. 

PatassiO'tnolybdic  Oxalate  formed  by  digesting  molybdic  hydrate  in  salt  of  rardii 
soluble  in  water.     (Bereelius.) 

MoiyhdosQ-Tiiolyhdic  Oxalate.  Blue  oxide  of  molybdenum  dissolves  in  oxalic  sei^ 
forming  a  blue  solution  which  leaves  a  blue  mass  when  evaporated,  becomes  gma 
when  minted  with  a  small  quantity  of  water,  but  brown  on  being  mixed  with  a  loni 
quantity,     (Hpyor,  Crell.  Ann.  1784,  ii.  14.) 

Oxiilato-molybdic  acid  is  formed  by  digesting  molybdic  trioxide  with  aqneoQi  f*r**^ 
acid.  The  solution,  which  Is  culourless  eveu  when  tho  molybdic  arid  is  in  eJtCMa  yi^ 
on  evaporation  a  colourless  jelly  which  becomes  crjstnlli no  without  further  desnoitn, 
dissolves  in  water,  and  with  yeliow  colour  in  alcohol  (Berzelius.)  TheaqoMMUSolfr 
tion  of  salt  of  sorrel  zeadily  dissolves  molybdic  acid,  Arming  a  non-czya  "' 
oxalate- molybdaU  ofpotasnuTn,     (Berzelius.) 

Oxalate  of  Kickbi.,  C*Ni''0*.2H'0.     Greenish -white  precipitate  _ 

water  soluble  in  ammonia  and  in  ammoniacal  salts.     It  dissolves  also  in  potaah,^ 
ing  a  crystolliaable  potauio-nfckcl-oxalatf. 

Neutral  oxalate  of  ammonium  diasolven  oxalate  of  nickel,  and  the  solution  yields  hr 
evaporation  green  prisms  of  ammonuf'nickel-oxalate.  On  adding  to  the  aqneooa  aolobM  1 
of  this  bait  a  small  quantity  of  ammonia,  a  pale  green  prt^cipitate  ia  formed,  < 
according  to  Winckelblech  (Ann.  Ch.  Pharm.  xiii.  278),  of  oxalate  of  i 
nfc-Xx/-a/rtffwmiu/rt,C*Ni"'(NTl*Ni")''0«.6H*0. 

Oxalate  of  yickel-cohalt-aminonium^  (see  p.  256). 

OxALATB  OP  Palladium.— Aikaline  oxaktes  added  to  a  solution  of  pallaAM^ 
nitrate,  form  a  light  ywUow  precipitatp. 

Amm4mio-]fal(adiotL9  Oxalate,  OPd"(NH*)'0r2H=0.  obtained  by  dissolving  hydnto* 
carbonateof  pnlladium  in  acid  oxalate  of  ammonium,  cryjitallipps  in  bi'onse-yf^UowrfioB- 
boidal  pritimei  containing  2  at.  water,  or  sometimes  in  neirdlrs  cont.iining  8  ut.  wnter. 

OzALATBB  or  PiATiMt7M.     a.  Plctinout  so//.— Platinate  of  sodium  diuolTes 
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is  warm  aqu<H»iB  oxaUc  acid,  carbonic  onhydnde  being  crolved,  and  the  pLifuuc  oxida 
reduced  tu  filntinouii  oxide.  The  sulution,  which  has  first  a  red,  then  a  riaUt,  and 
ultimately  h  deep  indigo  colour,  doposita  dark  copper-coloured  needles,  which  wer^ 
sup{.K)i«d  by  Dubereiner  (who  did  uut  analyse  them)  to  be  platinoua  oxalate;  but, 
according  Co  iixjuuhuy  and  LeDssen,  they  contain  44*4  percent.  pIiainoUBOxidc%  and  1200 
Bodm,  agreeing  nearly  with  the  formula  of  Midio'piniiJutus  oxalate^  C*Na'Pt"0".2H-'0. 
This  8aJt|  when  moUu  is  decompoaed  by  exposure  to  the  air ;  it  diwolves  in  hot  wat<>r, 
forming  a  grevnish  solution,  which  becomes  blue  on  evaporation,  and  ia  decoloriMed  by 
hydrochloric  acid.  It  i«  insoluble  in  alcohol  and  in  ether  (Souchay  and  Lenssen). 
It  explodes  when  heated.     (Uoberci  rier.) 

fi.  Piatinic  salt. — Accordiug  to  Btrgiuann,  the  pn^ipitate  formed  by  soda  in  solution 
of  platinic  cldoridn  dissolves  in  oxalic  acid,  forming  a  yellow  solntioQ  which  yields 
crystals  of  the  sara«*  colour;  but  thoy  have  not  beAO  analysed. 

The  oxalates  of  the  plutinommonlams  will  be  described  under  PxjLTiKTni-BA5Ba. 

OxALATBS  OP  Potassium,  a.  J?fw/rW  m//,  CK'0*.H=0. — Obtained  by  saturat- 
ing either  of  the  acid  salts  with  carbonate  of  potassium.  It  forms  transparent  crystala 
very  soluble  in  water,  insoluble  in  alcohol,  and  giving  off  their  water  (97  per  ceut. )  nt 
160°.  The  crystals  are  mmioelinic,  and  often  have  llieir  fiaces  twisted,  so  that  thfy 
exhibit  concavities  uad  convexities.  Dominant  faces,  +  P  .  —  P  ,  acPoo  .  +  Poo  . 
—  Poo  .  oP.  Ratio  of  axes,  a  :  6  :  c  -  0'6748  :  1  :  1-1572.  Angle  of  axes,  6  :  c  = 
69'oO;  +  Poo  :  ocP*  ^  130°  36';  -  P«  :  »?«  =  148°  20':  +  Poo  :  oP  « 
118°  40';  -  Poo  :  oP  =  1420  IC;  -  P  :  oP  -=  126'*  IC;  +  P  :  oP  -  106°  64' ; 
+  P:  -  P  =  127°  10';+  P:  ooPoo  113°  3fi';  -  P:  aoPoo  =  about  129°  (Dc  la 
ProTostaye,  Ann.  Ch.  Phj-s.  [3]  iv.  464).  According  to  B^rard,  neiitrai  potiasie 
oxalate  sometimes  crystallises  with  3  at.  water. 

i8.  Acid  salt,  J>io^tU^ite  or  Binoxalate  of  Potassiuniy  Salt  of  Sorrel,  CHKO*. — 
This  salt  is  contained  in  the  juice  of  various  speciea  of  Rumex  and  Oxaiu,  whence  it 
may  be  extracted  by  cUrifSing  the  juice  with  clay,  white  of  egg,  or  bullock's  blood, 
and  leaving  the  clear  liquor  to  crytitallise;  it  is  prepared  by  this  process  in  lurge 
quantities  in  the  Black  Fon^t  It  may  also  be  prepared  by  partially  neutralising 
oxalic  acid  with  carbonate  of  potaasiura.  It  forms  transparent  crystals  which  have  a 
floor  taste,  redden  litmus,  dissolve  sparingly  in  cold  water,  and  in  14  pts.  of  boiling 
water  (Wenzel);  in  4  pts.  of  boiling  water  ( tfW^m's  St/gi.)\  in  40  pts.  of  cold 
and  6  pts.  of  boiling  water  (Bers,  Ltkrb.\  nearly  or  quita  inaoluble  in  cold  alcohol, 
Boluble  in  34  pts.  of  uoUing  alcohol  («ee  Storer's  Dictionary  of  SoluhUitifx,   j\  428). 

The  crystals  of  aalt-of-sorrel  are  commonly  said  to  contain  1  at.  water ;  C'HKO* 
H'-'O.  According  to  Delu  Provostay«(foc.cr^.)they  probably  bt-Iong  to  the  trimetric 
VTstem,  having  their  axea  in  the  ratio  0*9494  :  1  :  4' 123  and  exhibiting  the  combina- 
tion foo  .  otP«  .  obPoo  .Poo  .  P^  .  Pf  Angle  foo  :  »Poo  i=  103«  Sff;  ooPoe  : 
P«,  »  133°  20*;  foo  :  Poo  »  132°;  Poo  ;  P|  -  130°  36';  Poo  :  P|  «  about 
149"=  b(f;  Poo  :  P$  =  127°  60. 

According  to  Rammelsberg  (Po^.  Ann,  xciii.  24),  the  crystals  obtained  by  half 
saturating  oxalic  acid  with  carbonate  of  potoasium  contain  4C'HK0MI'0,  and  aro 
trimetric,  having  their  axes  a\  b:  c  *=  0'9478  :  1  :  0"687fi,*  and  exhibiting  the  combi- 
nation P  :  2P.  ooP  .  copoo  .  oP  :  7Pco ,  only  half  of  the  pyramidal  and  ppsmatic  &cea 
however,  being  commonly  present.  Angle  oP  :  7Poo  —  103°40';7Pco  :  7Pao  (basal)  = 
162°  40* :  2P  :   qdP  =  149^  39';  P  :  oP  =  139'  SO*.     Cleavage  perfect  parallel  tooP. 

According  to  Murigoac  {Eecherchts  sur  hsformrs  crutallines  dt  qiwi<furs composis 
ekimiqvfs,  Geneve  1856;  Jaliresb.  1866.  p.  462),  the  ordinary  crystals  of  sall-of-norTfl 
areanIivdrous(C-HKO*).nndbelyngto  the  monoclinic  system  exhibiting  the  com  Li  nation 
t»P  .  ooPoo  .  [  odPod  1 .  oP  .  [Poo  ]  .  [2Poo  1  .  P  .  +  2P2  +  ^Poo .  Angle  ooP  :  ooF 
(clinod.)  =  152^  36";  [P«  ]  :  fP«  ]  (clinod!)  -  119°  40  ;  [2Pao]  :  [2Pqo]  (clinod.) 
«  81"^  24' ;  oP  :  odPoo  -.  133*  39* ;  oP  :  odP  -  131°  67' ;  [  wPoo  ]  :  [Pool  .  120^ 
inC;  [«P»]  :  +  2P2  «  122°  18'.t  Cleave  very  easily  parsUel  to  oopoo  ;  lesa 
easily  parallel  to  [  ooPoo  ], 

In  preparing  potassio-antimonic  oxiilate  (p.  252),  Hammelsberg  obtain*'d  crystals  of 
acid  potassic  oxalate  containing  2C'HK0Mi"0.  These  crystals,  which  effloresced  very 
quickly,  were  trimetric  prisms  exhibiting  the  combination  ooP  .  oop2  .  ooPoo  .  P  , 
3P3.  Patio  of  axps,  a  :  f>  :  c  ^  0*4690  :  1  :  61 069.  Angle  ocP  :  obP  -  180°  4?. 
Tbcjjc  measurements  have  been  confirmed  by  Marignac. 

Add  oxalate  of  potassium  is  used  aa  a  wchU  acid  fnr  scouring  mfetals;  also  for 
rctmoTing  ink-stains  and  iron-mould,  the  double  oxalate  of  iron  and  potassioia  being 
soluble  in  water. 

*  In  D«  in  ProtocUfc'a  nseuurements,  IfacprlnTarjrforna  ii  a.  pjrrunLd  iitthi  lU  axU  Bevcn  timei  ju  long 
flfl  Ift  tu<t**  ut  UnmmvUb^rg. 

*  The  hce*  hir«  denuttrd  bjr  [«P«  ]  And  -f  IPi  wrro  rfgardnl  h;  Kammelftbrrg  u  b  lanflug  to  a 
rhoiutuv  prlina. 
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Htfveradd  $a/i.  Tkintxalat*  or  QuadrtKcnlntt  of  PoUusium^  C*H*KO'. 
CTIKO*.C}rO'.2H=0.— Thia  suit  dwcovered  bv  Savary  and  Wi«gleb,  and  widjwi' 
.IjyWollaston  (Phil  Trans,  1808.  p.  99),  is  pivpaPedbyBaturatin^  X  pt  of  onbc  lad 
vitlj  c&rbonat4  of  potassium,  adding  3  ptii.  of  oxalic  acid  and  leaving  tha  aolalioa  to 
cryfOallifiC.  A  sofutioo  of  eqoa]  parU  of  oxalic  acid  and  cbiuride  of  Mttaaaittai  iW 
deposita  this  salt  in  crjstaLi  on  cooling.     (Anderson.  Cbem.  Soc  Qu.  J.  i.  231.) 

Hyperacid  oxulato  of  potaaaiam  ezystalliAra  in  b«autiful  triclinio  priama.  aoraKiaA 
of  largo  dimenBiuDs.  Dominant  combination  oe'P  .  odPso  .  ooP'  .  goPco  .  2P  », 
oP  .  2^00,  with  the  secondary  faooa  4,P  «,  4P'oo,  F,  T.  JF,  Vjt,  » ft  P, 
Axes  a  :  h:  0  »  210044  :  3*2555 :  1.  tha  axii  a  being  nipponed  Tertieal,  6  difwi^ 
from  left  to  right,  o  towards  the  obserrcr.  Angles  of  iho  ax«i  a  -*  96''  17;^* 
70*»  29* ;  7  -  97''  6'.  Inclinations  of  faces  oP  :  »P;  -  82"  SO* ;  aoP«>  <»p;  . 
Ul°  20';  P'  :  od;P  «  146°  Sr;  oP  :  2.Fao  .  144°  3tf ;  ^P,  a&  :  »P«  « 
119  26';  oP  :  2^  «  -  148"  Ky;  2,F»  :  »f«  «  127^  A5'  (De  la  ProrosUr^ 
loc.  cit.  The  measurements  hare  been  conflm^ed  by  lUmmelsbeiv)*  The  cryatkb  di^ 
•olve  in  20-17  pta.  wat«r  at  20®  and  give  off  their  water  of  ciystafiiaation  at  128". 

According  to  Birard.  this  salt  is  sometimes  met  with  in  commerce  oa  aaJt  of  sand, 
according  to  Gmelin,  when  the  Litter  is  prepared  by  half  neutraliaiiig  oxaUc  acid  wA 
carbonate  of  potassium. 

OxALATBS  09  RuBiDiTnc.  The  Hfutral  tall,  CHlb^MPO,  crystAllia** by iJw 
eraporation  of  a  cold  satarated  solution,  in  irregular  imperfectly  developed  mooocliw 
crystals  isomorphous  with  those  of  the  nentml  potaasinm-sall  aad  exhibiting  tiw  ton- 
btootioa  P  .  ooPoo  .  +  Poo  .  oP.  The  inclinations  of  the  faces  are  approzixnale]; 
+  P:  +  P(cUn.)  -  73»:  -  P:  +  P  (basal)  -  122  to  113^*^;  «P«o  :  -P- 
129°  to  130".      (Piccard.  J.  pr.  Cbem.  Ixxxvi.  449.) 

The  acid  salt,  CURbO*.  forms  small  monoolinic  crystals,  isomorphona  with  the  add 
tr>tHniam-salt,  and  generally  exhibiting  the  combination  a»P  .  [  oaPae  j  .  [P«1. 
[2poo].oP.  Approximatdy,  <»P  :  »P  (din.)  «  162°  30';  [P«>  ]  :  [P»],*"iati» 
same  »  122°;  [2Pco  ]  :  [ooPoo]  »  137*'  Id'.  The  prismatic  fibces  axe  TotittUj 
striated.     (Piccard.) 

The  hyperacid  salt,  C'H'KbO*,  is  obtained  in  large  crystals  by  dlasolviog  the  add 
Bolt  in  dilute  nitric  acid,  and  leaving  the  solution  to  evaporate.  (Q-raodeao,  Ann  QL 
yhjti.  [3JlxviL  163.) 

OxALaTB  OF  SiLVBR,  CAg^'. — Obtained  pnro  and  anbydrona  oa  •  vhito 
crTBtiUltQe  precipitate,  by  adding  oxalic  acid  to  nitnite  of  silver.  It  ia  Tezy  sparioglj 
•otuble  in  cold,  somewhat  more  in  hot  water,  perfi'ctly  insoluble  in  alcohol  and  ether. 
It  dissolves  readily  in  ammonia  and  carbonate  of  ammonia  ;  the  solution  tarxia  brffvi 
when  exposed  to  light,  and  when  slowly  evaporated  in  the  d/irk,  yields  the  oxalate  of 
silver  in  large,  hum,  shining  prisms.  It  decomposes  between  110°  and  150°.  and  de- 
tonates when  suddenly  bottted.  With  iodide  of  mtthylnu;  oxalate  of  ailrer  yields  dioiy- 
methylene,  C'H'O',  togother  with  iodide  of  silver  and  a  mixture  of  carbonic  anhydridt 
and  carbonic  oxide  (Butlerow,  iii.  1006). — With  chioride  of  bctvtylene^  C*BS^,')X 
yields  by  a  Himilar  reaction,  bitter  almond  oil: 

C'H'Cl'     +     C«Ag*0*       =       C'H-0     +     2AgCl     +     C0»     +      O. 
With  iodide  of  ethyUnt,  on  the  contrary,  it  yields  nothing  but  iodide  of  sihm  and  i 
mixture  of  carbonic  anhydride  and  carbonic  oxide  : 

C»H*I«     +     C»AgH)«       -       2AgI     +     C0«     +      CO. 
Similarly  with  bromide  of  amylene,     (Qolowkinskv.  Ann.  Ch  Pharm.  "^  252.) 

(C*0«)-w, 

Ammonio-oxaiate  of  Silver,  4NH*.C*Ag'0*  =      Ag*    >^,  is  obtained  as  •  nMiHET 

tumefied  mass  by  passing  dxy  ammonia-gas  over  dry  oxalate  of  sUvcr.  It  ia  easily 
soluble,  has  an  alkaline  reaction,  and  is  decomposed  by  acids  with  separation  of  oxalate 
of  silver.     (Souchay  and  Lenssen.) 

OxALATia  OF  SoDiux.  The  nmtroJ  saU^  CNaK)',  occurs  in  a  great  nnmbor  of 
plants,  and  is  found  in  varech,  by  the  incineration  of  which  carbonate  of  sodiuaii 
ubtained.  It  is  anhydrouit  and  difficult  to  obtniti  in  regular  crvstats.  1  pt.  of  it  disaolTas 
in  26'78  pta.  water  at  21-8°,  and  in  16  pts.  of  boiling  water  (Puhl);  in  36-4  pta.  wMa 
at  ordinary  temperatures  and  246  pts.  boiling  water.     (Kammelsberg.) 

The  acid  oxalate,  C^HNaOVH'O.  forma  crystaU  wliich  redden  litmus. 

Sodio-ptytasmc  oxalate,  baa  not  been  oUtiined,  A  boiKng  aolutiun  of  ualt  of  scarrl 
neutralised  with  carbonate  of  aodium  yields  on  couling  or  eviiporation  nothing  bat 
ncutnl  oxalate  of  sodium.     (Rammelsbpr^.) 

OxALATBS  OP  Sthoxticm.  Th(*  neutr.il  Bttlt,  C'Sr^O'.H'O,  obtained  by  pw- 
cipituLiug  a  Hlroiitium-bttlt  with  a  neutral  alkaline  oxalate,  is  a  white  powder  tfoluMc  ia 
19'20  pts.  of  boiling  water,  sparingly  aoluUe  in  cold,  eatiily  in  but  solutions  of  chlorids 
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or  nifnitc  of  ammoaitimi  retains  iU  waU-rof  cr^'stnllifiation  at  100°.  Wioke  [Aon. 
CU.  PhnxiTL  xc.  103),  bjr  precipitating  iiitrate  of  strontium  with  oxalic  acid,  obt«iued 
a  niill  in  microscopic  square-biised  ocUihedront  containing  CSr"0'.3H*0. 

Acid  gait. — Clnptan  (Chom.  Soc.  J,  vi.  123),  by  mixing  concentrated  solutione  of 
oxalic  tvcitl  and  chlon'do  of  t^truntium,  obtained  cryutAla  intcrmudiAtc  in  composition 
between  the  neutral  and  acid  oxaI&t4*s  of  strontium.  Soucha  j  and  Lenfifx^n  once 
obtainwl  a  halt  containing  CSr"0».{?«n«OV2H«0  or  C*H*Sr''0».2H«0.  by  mixinR  a 
ratlirr  atrong  »olution  of  chloride  of  Htrontium  with  1  or  2  measuros  of  strong  hydro- 
chloric ttciJ,  and  3  or  4  meaflunpfl  of  solution  of  OKalie  acid  0aturat4Ml  at  60°.  After 
stsoding  for  Bnme  days  at  0*',  the  liquid  dcpoisiled,  toj^cthcr  with  oxalic  acid  tnd  tlip 
reutnil  salt,  crusts  of  an  acid  suit,  consisting  of  highly  lustrous  prismatic  crystals 
with  pyramidjtl  Bummita,  mostly  united  in  gcodes.  Thcae  crystals  cffloresofd  in  the 
air,  and  wure  n-Nolvcd  by  wat^r  into  frco  oxalic  acid  and  the  neutral  salt.  They  gave 
by  amdvsia  340  per  cent,  stroatia,  the  formula  requiring  34*4  per  c(*nt- 

OxALATB  or  Tantalum  ?  Oxalic  acid  dttttolvcs  only  a  trace  of  tantalic  oxide, 
but  ault  of  sorrel  dissolves  it  in  considerable  quantity,  forming  a  colourleas  solution 
from  which  alkalis  throw  down  tantalic  oxide.     (Berzelius.) 

Oxalate  of  Tbllubium?  Oxalic  acid  dissolves  telluric  hydrate,  and  the 
solution  yields  nuliate  crystalline  grains  which  dissolve  easily  and  without  decomposition 
in  water.     (Beraelius.) 

Oxalates  or  Thallium.  The  nntiral  salt,  CrTl'O*.  is  prepared  by  boiling 
together  equivalent  quantitip«  of  thallie  carhonat4>  and  oxalic  acid  in  just  sufficient 
water  to  diseolve  the  product  while  hoL  On  cooling,  the  oxalate  crystalli!»«*»  in  small 
white lostroos  prisms  (CrookeB,Cheni.  Soc.  J.  xvii.  150);  in  small  nearly  right-anjflcd 
four-sided  laminse  (Kuhlmann,  Compt.  rend.  Iv.  607).  It  di.<(Molve»  in  69'3  pts.  wuti-r, 
at  15'S°  and  in  11  pte.  boiling  water  ;  iasoluhle  in  alcohoL  Hydrorhloric  acid  converts  it 
into  a  spongy  masA  of  chloride  of  thallium.  It  may  be  heated  to  27 1°  without  appre- 
ciable loss  of  weight ;  but  deeompo(K8  at  a  rc'd  heat,  teaving  a  mixture  of  oxide  and 
metallic  thallium.     (Crgokcs.) 

The  acidtnU,  CHTIO'.HH),  ciystallises  in  large  pearly  plates  which  are  slightly  efflor- 
weent  and  give  off  their  water  at  138^.  Dissolves  in  187  pta.  water  at  16-5^  and  in 
lem  than  its  own  buUc  of  boiling  water,  forming  a  syrupy  solution.  It  is  strongly  acid 
to  teat-papfr.     (Crookos.) 

Oxalate  or  Thobikum.  CTh*0*.HK). — Heavy  whit© precipitate  insoluble  iu 
water,  very  slightly  soluble  in  ox&lic  acid  or  in  dilute  mineral  acids.  (Berzeliua. 
Chydenius.  Pogg.  Ann.  cxix.  43,) 

Pi'tassio-thonntc  oxaJatc.  White  precipitate  insoluble  in  water  and  in  aqueous  oxalic 
acid.  Turns  black  when  ignited,  and  then,  if  in  contact  with  the  air,  leaves  a  whit« 
mixture  of  thorimi  and  carbonate  of  potassium.     (Bcrzelius.) 

Oxalates  of  Tix.  a.  5^annow**(i/^*.— The  salt  CSn  0*  is  obtained  eaaily 
and  in  large  quantity  by  pouring  a  solution  of  tin  in  acetic  acid  into  boiling  aqueous 
oxalic  acid.  The  stannous  oxalate  being  nearly  insoluble,  separates  immi^diatt^ly  in 
shining  neutral  anhydrous  needles  resembling  artitlciaUy  crystallised  calcic  sulphate.  It 
is  inaoluble  in  cold  water,  and  is  pnrtiutiy  decomjHWPil  hy  boiling  water,  with  prfwHuction 
of  a  white  Kolt  (Hausmann  and  Lowenthal,  Ann.  Cli.  Phorm,  butix,  UN).  This 
salt  treated  with  warm  caustic  ammonia  yields  whit-e  stannous  hydrute,  but  with 
a  somewhat  concentrated  aolution  of  caustic  potash,  it  yields  anhydrous  »tannDus  oxide. 
Hydrochloric!  add  at  the  boiling  heatdissoWeH  an  almoRt  unlimited  quantity  of  stunnoua 
oxalate  \  and,  aa  the  ttolnliun  coul^.the  wliule  of  the  oxalic  Hcid  ia  depo«ited  in  crystals;, 
while  staDEOua  chloride  remains  in  solution:  but  if  a  little  water  be  added  to  the 
solution,  btunnous  oxalate  crystallises  out.     (R  Bnttger,  J.  pr.  Chem.  Ixivi.  238.) 

Stannous  oxalate  diseiolvea  in  the  oxalates  of  ammonium,  potaf*6iam,  and  sodium, 
forming  double  salts. 

Ammonio-stannoun  oxnJaU,  C'Sn*(NH^)'0*.H'0,  ia  obtained  by  disanlving  stADDona 
oxalate  in  a  boiling  conct^ntnited»>olution  of  oxalate  of  ammonium,  and  mixiug  the  solu- 
tion when  cold  witlialfohol.  It  then,  after  some  time,  di-potfits  the  double  saU  instellata 
groupsof  need  I  e>4  which  efflore**cei  nth  ti  uir,ureinwj!ulile  in  alcohol,  audhave  a^•eryBweet 
taste.  The  coucuntmled  solution,  when  left  lo  iiwlf  fur  ftome  time,  depositji  stannous 
oxalate  (Hautimann  and  Luweuthal).  This  t<ult  \»  le^oniorphous  with  the  potua- 
siuin-sult  (<n/.);  it  fusea  and  detonates  when  heated  (Bouquet,  Ann.  Ch.  Poann. 
Ixiv.  278.) 

Potassto-Bl^yitttnts  oxalatr.  Obtained:  1.  By  dissolving  recently  precipitated  stan- 
nous oxalate  in  a  hot  coocentrnted  solution  of  neutral  oxalate  of  potassium  ;  purified  by 
recrystallisation  (Hatinmunn  and  Lclwenthal). — 2.  By  treating  acid  oxaUte  of 
potassium  with  a  large  excess  of  tttannous  oxide  (Bouquet). — Transparent,  coloorlews 
piriamatic  crystals  which  dissolve  readily  in  hot  water,  less  readity  in  cold  water,  and 
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w<9  iiuuluble  iD  alcohol  (HaDsmaniiandLowoDthal). — Boaqu«t*s  «*It  Conu  Uqi 
ooluurl^s  crystalfl,  vhica  dissolve  rettdilj  in  cold  water,  forminf;  a  solution  wbich  W 
cuftiH**  milky  afUr  a  while,  and  de«onipofff«  qiiioUy  when  boiled,  yielding  fint  a  vbjia 

f gelatinous  and  afterwards  a  black  nrocipitate. — The  salt  has  a  strong  sweet  tastv^hst 
flUTes  a  bitter  after-taste.  It  redaens  litmaa.  and  is  not  decomposed  when  h«at«d  « 
100°  in  C0Dt4ict  with  the  air.     (HausmauD  and  LowenthaL) 

Sodio-flannotLi oxalate.  Prepared  like  the  potassium  salt  which,  it  resembles  (H.ta4. 
L.).     Anhydrous  and  crystalUsable  (Bouquet.) 

3.  Stannicsalt.  Recently  prepared  stannic  oxide  (obtained  by  precipitatinsasdls. 
tion  of  stannic  cJiloride  with  sulphate  of  sodium)  diasolTes  r^wlilv  in  warm  oxaiieae^ 
nod  A  neArly  SAtumt^d  solution  yields  by  crapor&tioD  white  shining  laxainae  nanUinii 
variable  quanritios  of  fiTiinnic  oxide,  and  becoming  by  repeated  crystal liwt sob  eD» 
tiunally  poortT  in  that  subRtAiice.  till  at  length  pure  oxalic  acid  crystallises  oqC  Tbsssos 
solution  yields,  with  sulphuric,  nitric  or  hydrochloric  acid — also  with  alkalia.  alkslifi* 
carbonates,  chlorides,  Ditnites,  Bulphates,  &c. — white  precipitates  soluble  in  water  ss^ 
contoining  12SnO^C•0^^2H*0.  The  pr^ipitnte  formed  by  the  fixed  aUcalis  ortUr 
carbonates  b(>come4  insolnblo  in  wnter,  when  left  in  contact  with  it  for  some  tiiMcr 
beuted  with  it.     (H  a  a  a  m  an  n  and  Lowenthal.) 

OxA.LA.TB  OF  TiTANirM.  pTooipitutod  in  tho  form  of  a  CTirdy  massi,  on  boilia( 
on  aqueous  solution  ofa  titnnie  salt  mixed  with  oxalic  acid  (La  a  gier).  Auf  htm 
oxide  that  may  be  contained  iu  the  liquid  remains  in  it  for  Lho  must  part*.  The  dziid 
precipitate  imparts  to  moist  litmus-paper  a  red  tint,  wliich  nearly  disnpp^vrs  on  drying. 
The  precipitate  is  soluble  in  excess,  both  of  aqueous  oxalic  acid  and  of  hydroehlonto  « 
titanium.     OontaiuB  l2TiO«C*'ISOM2H«0.    (H.  Rose.) 

OxALATBS  OF  tTBAKiTTK.  a.  UranoHS  tialtt. — Uninons oxalate,  CtT'OlSH'O, 
is  a  greenish- white  precipitate  obtained  by  mixing  a  solution  of  ur&noos  chloride  vitb 
oxalic  add;  gives  off  2  at.  water  in  >'3cuo. 

Ammonvynranow  nxn/atr.  C*(NH*)=U''0*  is  obtained  in  crystals  b^  boiling  woentlj 
precipitate  uranous  hydrate  in  a  S'-tlution  of  acid  oxalate  of  ammoniam  (Rammels* 
berg). — Potassio'Uranoits  oxalate  obtained  in  a  similar  manner  is  a  gT^y  powder. 

0.  Vranie  aalta.  UranicoxaUU  qt  Oxalate  of  Uranyl,C\V^O''yO*.^Ti^,UAp. 
posited  in  crystalline  grains  on  mixing  a  warmconceDtruted  solution  of  uranic  nitrate  vi  ti 
oxalic  add,  and  leaving  the  solution  to  cool  The  air-dried  salt  heated  to  lOiP — 120" 
gives  off  nearly  9  per  cent  (2  at.)  water,  which  it  takes  up  again  on  exposnre  to  tht 
air;  at  300°  the  mono-hydratod  salt  turns  brown  and  is  converted  almost  instantly, 
with  evolation  of  water  and  carbonic  anhydride,  into  a  copper-ool oared  powd«  of 
uraQoofl  oxide,  which  by  if;aitioD  in  the  air  is  converted  into  ^roen  nranoso-oranie 
oxide:  C(tPOTO*  «  2U0    +    2C0*.     (Ebelmen.  Ann,  Ch.  Phys.  [3]  v.  189.) 

Uranic  oxalate  is  nearly  iasolublo  in  cold  water,  diasolvps  in  30  pt«.  of  boiling  wafer, 
is  more  soluble  in  acids,  and  dissolves  easily  in  the  oxalates  of  ammonioia  and  potts- 
trium.  forming  double  salts  which  ciystallise  on  cooling. 

Atnmonio-iiranic  oxalate,  C*(N'H')^ir'0')''C>».4H»0,  is  obtained  in  fine  transpervttt 
yellow  crystals  by  dissolving  tirainc  oxalate  in  warm  aqurouA  ammonia  (P  ^  1  i  go  l\  Ths 
crystiUa  are  trimetric prisms,  exhibiting  the  corabinntion  f  ao  .  qdPoo  .  ooftj  .  oeP.  ooPe, 
Axos  <i:h:r  =  0-6686  :  1  :  0-5941.  Angle  Poo  :  ^jo  t=  \\1^  28' :  ooPoo  :  »f»2  =. 
Ua^  55':  «.f2:  odP   «    l(J0°4y:t^«  :  acf2    =    115°  15';  f «  :   »P    »    109^  SOT, 

Piitoisif}- uranic  oxa/atr,  C*K*(U'0*)"0V3H*0,  forms  monoclinic  prisms  perrasnent  ia 
the  air  and  giving  off  all  their  water  of  crystallisation  at  100^.  Dominant  feces  obP, 
ooP«,  oP.  Angle  ooP  :  ooP  -  131°  2* ;  <xP  :  odPqo  -  114°  20';  <»P  :  oP  - 
111*>28'.     (Ebolmcn.) 

OxALATxs  OF  Vanadivm. —  Vanodto  oxalate. — Aqueous  oxalie  acid  saturated 
with  hydratod  vanadic  oxide  yields  on  evaporation  a  light  blue,  translucent  gum,  wbirh 
dii^.sulves  slowly  in  cold  water,  more  quicklv  in  hot  water.  The  aqueous  solution  mixed 
with  a  hirge  qnAntily  of  oxulic  acid  yields  by  spontaupous  evaporation  blue  crystals 
readily  soluble  in  water.     (Bcrzelius,  Pogg.  Ann.  xxii.  33.) 

Potassio'Vanadic  oxalate.  Salt  of  sorrel  saturated  with  hydrated  vanadic  oxide 
dries  up  to  a  dark  bine,  amorphous  varnish,  which  dissolves  slowly  in  water.  (Ber« 
sell  us.) 

Qxalo-vanadic  acid.  When  vanadic  oxalate  is  evaporated  with  nitric  add,  and  the 
residue  treated  with  water,  the  greater  part  dissolves,  forming  a  yellowish-red  solutioii, 
which  on  evaporation  leaves  oxalo-vnnadic  acid  in  the  form  of  a  reddifih-vellow,  amor- 
phooR  extract,  likewise  soluble  in  water.  An  excess  of  oxalic  acid  immediately  reduces 
the  VHnadicacId  to  vanadic  oxide.    (Berzelius.) 

OXAI.ATI  OF  Yttbium,  C*T'0'.3HK).— White  precipitate,  bulky  and  cordv  at 
first,  but  shrinking  together  after  a  while ;  inwlublo  in  wat«r,  aqueous  oxalic  and  dilots 
hydrochloric  acid,  but  soluble  in  nitric  and  in  stroDg   hydrochloric  add  (Berlia)b 
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This  descriplion  applies  strictly,  not  to  piiro  oxalato  of  yttriam,  but  to  a  miitare  of  the 
ojcAEatea  of  yttrium,  erbicm,  and  torbium ;  the  puro  yttrium-fl&lt  \n  more  solahld  in 
ftcidv  than  tbo  oxu]ut<w  of  erbium  and  terbium,  a  property  which  offorda  the  means  of 
BepAratiog  yttria  from  erbia  and  t^rbia.     (Mosander.) 

OxolaU  oj  yttrium  and  poiassium^  C^K'VO',  is  a  heavy  white  precipitate,  insol- 
uble in  water. 

OxALATS  OF  Zinc.  C*Zn''0'.2H'0. — Wliite  precipitate,  iusolable  in  wattr,  «ol- 
uhlo  in  hydrochJoricacid  and  in  ammonia,  also  in  a  warm  Bolution  of  aal-ammoniae. 

Oxaiaie  of  nnc  and  ammonium. — a.  Depo«ited  in  needleii  when  oxalic  acid  is 
added  to  an  aqaeous  solution  uf  chloride  of  dnc  saperBatar&ied  with  ammoDia.  (Wack- 
enrodor,  Ann.  Qu  Phnrm.  x.  63.) 

J8.  When  an  aquooua  solution  of  acid  oxalate  of  ammonium  is  digested  with  car- 
bonate of  zinc  till  it  is  completely  tuiturutodt  oxalate  of  eiuc  separuttis  out,  and  the  fil- 
trate when  evjiporated  leaves  milk-while  nodolea,  containing  C*tNE*)*Zn"0".3H*O, 
which  slowly  effloresce  and  give  off  water,  are  nearly  insoluble  in  cold  water,  but  are 
decomposed  by  hot  water,  with  separation  of  carbonate  of  zinc.  (Kayser,  Pogg.  Ann. 
Ix.  140.) 

Oxalate  of  sine  and  potnasiutiu  C'K'Zn"0*.4H'0- — A  concentrated  solution  of 
tiormal  oxalate  of  potoasium  boiled  for  Bome  time  with  oxidate  of  zinc,  and  then  lilt«Te<l, 
yietdii,  on  cooling,  siuull  transparent  efflorencent  tablefl,  nenrly  insoluble  in  cold  water, 
and  decomposed  by  boiling  water,  with  separation  of  oxalate  of  zinc.     (Kayser.) 

OxAi^^TB  OF  ZtHOONiUK. — Oxalic  acid  and  oxalate  of  ammonium  added  to  »olu- 
lions  of  zirconium-fialts,  throw  down  a  white  opaline  fliiky  precipitate,  insoluble  in 
wiiter  and  in  l>oilinp  aqiienus  oxali*;  acid.     (Dubois  and  Silreira.) 

OXj&XIC  A.<CXD,  A,MZ3>SS  OT,  Oxalic  acid,  like  other  dibasic  acids  uf  tho 
scries  C*U'"~*U*,  should  yield  four  normal  amides  by  eUminutiun  of  water  from  ilM 
Acid  and  neutral  ammonium-salts,  thus : 


Acid  unTDOQlum-Huilt. 


Add  ammonium-ult. 


H^O 


C^»NO> 


Qxiunic  ftcid. 


2HH)      ^      cr=Hiro"       -      (CK)=)'|  j^_ 


Cr(NU*)=0« 

Neiiiral  AinUiO- 
oJuni-Mlt. 

Neutral  ammo- 
nium-tall. 


-     2H«0 


-     4H*a 


Oximltle  (unkDowD). 


OiamUa. 


Oualtrlla 
(Cfanogca). 


The  hydrogen  in  oxamie  arid  and  oxamide  may  be  more  or  lew  replaced  by  alcohol- 
radicles^  thus  giving  rise  to  alkalamidcs,  e.g.  Methyl-oxamic  acid,  C*H*(CI1*)N0*; 
dietbyloxamide,  C*HWH*)«N'0',  &c     (See  Oxamio' ErEBUs  and  Oxamidb.) 

There  is  also  a  numberof  other  bodies,  chiefly  deriviitives  of  uric  acid,  which  may  be 
regarded,  with  respect  to  their  constitution  and  traji«(forraHtion,  but  not  to  their  mode 
of  formution,  as  amides  of  oxalic  acid  of  a  more  complex  chaructLT,  namely  as  deriving 
from  two  or  more  molecules  of  oxalic  acid  by  addition  of  ammonia  and  abstraction  of 
water,  e.g. 

(C«0«)" 
C'H'NK)*        »         {CO-*)" 
H« 
Dtoxalylamlde  or  Alloxan. 

(CK)*)" 
C*H'N«0»        -        (C«0«)" 
H' 

DloxttlyUmle  wliI  or  AlloxAoic  acid. 
Other  compounds  of  the  samo  family  may  be  derived  in  a  similar  manner  from  \ 
molecule  of  oxaUc  acid  and  a  molecule  of  another  acid,  thus : 


2C'H«0«     +     2NH«     -     4H»0 


2CH»0«     +      2NH>     -      SH'O 


N« 


N« 


cni»o* 

Oxalic  ac^d. 

2CH*0* 

Oullcackt. 


+    co»    + 

2NH»     -     3H^0 

+    co»    + 

2NH"     -     2H'0 

C«r>>onic 

anhgrdrddflu 

+   CH»0»  + 

2Tai»    -^     3H-0 

+   CH^O*  + 

4NH«    -     7H«0 

yormic  acid< 

CH'N'O*  Parabanic  acid. 
C"H•^'»0*  Oxoluric  acid. 


CH*N=0»  Parabanic  acid. 
C*H*N*0"  Uric  acid. 
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C^H'O*    +    CH»0"     +      C0«     +      4NH»     - 


Oullc  sckl. 

C»H»0*  + 
3CH«0'  + 
Oxalic  Ktd. 


CH«0« 

Formic 

acid. 

GiToxalfc 
KiO. 


+     C0«     +     4NU» 

Carboitlc 
hnhytlrld*!. 

+   2NH»    -     3H«0 

+  4J(1I'  -    8n«o 


on»0      -     C*H«N*0«  AU«nb& 
7H*0      -     (>H«N*0*  OxBliDtiA 


C«H*N*0^  DialunV  acid. 
C"H'N*0'  AiloxMntin. 


cino*  +  c»n*o«  +    co«   +    4Ntp    -   oh'o 

C«H«0*    +    C*H*0»    +     CO'     +     4KH«      -     6HK) 
O&altc  icitl.        ClroKklic         Carbonic 
acid.  anhydride. 

Ali  these  compounds  havo  been  or  will  be  described  in  their  ftlpUabetical  pWet. 
See  also  Ubic  Acid,  DBSiriTiTas  or. 

OX&XZC  XTRiaw.     Oxalic  acid  fomu  with  monatomic  alcohol-radicle*  two 

•eries  of  «'tben>,  nnnlogouA  to  the  ncutml  and  acid  tn^tiLllic  oxala-tea.  OdIj  thott  cd 
mi'thvl,  ethyl,  amyi  und  uUyl  hiivt-  however  httn  yet  obUined. 

The  neutral  ethers  of  the  moiiatoniic  Hlcobol-radiclM  are  prodaced  by  the  acHoo  of 
dehydmti!^  oxalic  arid  on  the  comvpODding  alcohols,  or  by  diBtilling  the  aicohol<  wilii 
eulphuric  acid  and  oxalic  acid  or  an  oxAhit^  ;  or  by  passing  hydrocliloric  add  gma  into 
a  solution  of  oxalic  acid  in  the  alcohol.  TUey  airo  Tolatilc  without  decompoailioQ  ia 
the  dry  state,  but  in  presence  of  water,  buses,  or  acids,  they  are  eaaily  reeolred  into 
oxalicacid  nndan  alcohol.  Sulphuric  acid  decomposes  them,  vitheHmizjationof  carbocie 
oxide  and  pnxiuotion  of  carbonic,  or  under  certain  coudilions,  uf  furniic  ethcra.  With 
ammonia  they  yield  either  oxamide  or  clhors  of  oxamic  acid.  "When  treated  with  th« 
rin<>-compounds  of  the  aleohol-mdictes  and  aft4*rwnrils  with  water,  tlmy  yicJd  ethim  of 
the  luetic  or  glycolUc  series.     Witli  chlorine  ihey  yield  clilorinated  fthf re. 

The  acid  ethers  of  oxalic  acid  have  not  been  so  fully  examineii  as  the  aeutml  t5thai, 
ody  thoas  of  ethyl  and  amyl  being  known.  They  arc  obtained  as  bye-pruducta  in  the 
preparation  of  the  neutral  tethers  ;  ethyl-oxalic  acid  also  by  the  sction  of  dJcohoUc  putaih 
on  neutral  ethylic  oxalate. 

Au  oxalate  of  the  diatomic  radicle  ethylene  appears  to  be  produced  by  the  ftCtfoB 
of  bromide  of  ethylene  on  oxalate  of  silver. 

OzAlftte  of  AUyl«  C'H"0*  -  C*(C»H»)«0*. -Produced  by  digesting  oxalate  tf 
silver  with  allylio  iodide  and  anhydruus  ether  at  100^,  and  rectifying.  It  is  an  oily 
liquid,  smelling  like  oxalate  of  ethyl,  with  a  slight  admixture  of  the  odour  of  mustard- 
oil  Specific  granty  1055  at  ld°.  Buillug  point  206°— 207*^.  (Hofmann  and 
Cahours.) 

Oxalates  of  AmjL  a.  Kbutral  Amtlic  Oxalate,  C'*H°0*  =>  C»(C*n")*0\ 
(Biilard,  Ann.  Ch.  Phys.  [3]  xii  311. >— When  poUto  fusel-oil  or  pure  amylie  alcohol 
is  tre4ited  with  a  large  excess  of  crystallised  oxalic  acid,  two  liquids  aro  formed,  the 
lower  being  watery  and  oounisting  of  a  tiHtumted  aqueous  solution  of  oxaHc  acit^ 
vhile  the  upper  is  oily,  hai  a  strong  odour  of  bugH,  aud  deposits  oxalic  acid  on  cooling. 
On  difrtilling  this  oily  liquid,  the  temperature  gradually  rises,  aud  amylic  oxalate  cUstili 
over.     It  muy  be  purified  by  redibtillittion, 

Amylic  oxalate  is  an  oily  liquid  haring  a  rery  decided  odour  of  bugs.  It  boils  at 
262"^.  Vapour  density  8*4.  It  Is  decomposed  by  water  and  more  quickly  by  aqueous 
a/kalis,  yieldingamylic  alcohol  aud  au  oxalate.  By  aqw^iig  ammonia  it  is  con  vrTt.e<l  into 
amylic  alcohol  and  oxamide  ;  by  gatfous  or  alcomlic  amnnmia  into  amylic  alcohol  and 
amylic  oxamate.  Treated  with  nnc-rthj/l  and  then  with  taatfr,  it  yields  amylic  dietb- 
oxalate  or  amylic  leuealc  (see  page  274).  On  account  of  its  high  b^uUiig  pointy  it  may 
be  uited  for  the  preparation  of  other  amylic  ethers  by  double  decomposition. 

Chancel  hua  obtained  Ttiethtfl-amyltc  fixalate  and  ethyl-amyfio  oxaiaU  by  proee!vi-i 
similar  to  that  wliich  yields  the  oxidate  of  methyl  ttcd  ethyl  (p  271). 

AMTI.OXAUC  Acid,  CH'^O*  -=  C=(C*H'»)H0V  Oiahmylic  add.  Add  oxalaU  of 
amyl  (Balftrd,  Ann.  Ch.  Phys.  [3]  xii.  309).— The  oily  liquid  obtained  as  above  by 
heiiting  «mylic  akohol  with  oxalic  acid  yields,  when  saturated  with  chalk,  a  solution 
of  amyloxiUate  of  calcium  which  ciystaUues  on  cooling.  This  salt  scrrea  for  the  pre- 
paration of  the  other  amyloxalatea. 

AmyloiiJic  acid  is  an  oily  liquid  hftring  an  odour  of  bugs.  By  dr7  distillation  it 
yields  ncutml  oxalate  of  amyl,  carbonic  oxide  and  carUinic  anhydride: 

2C*(C*H»')H0*      -       C*(C*H")«0*     +     CO     +     CO"     +     H»0. 

The  amyloxalatc*  are  very  unstable,  their  solutiuns  when  boiled  reproducing  amylifl 
alouboL 
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The  potasnuui'Mtt  forms  b^auttful  oucreuus  laminip.  grruy  to  the  touch.— The  m/* 
eium-Moli^  C'*H'*Cu*0*.2H'0,  crystallues  in  benutlftit  crystHllinc  scnleti,  mow  ftolublo 
in  cold  tbun  ia  hot  water.  Exposed  to  n  tuirrcnt  of  dry  air  at  100^,  it  decumposts 
yielding  umjlic  aleohol.  The  sUutr-saU,  CrH"AgO*,  forms  anhydroiui  acaloft  having  a 
naorroun  luttre.  sptmDgly  soluble,  and  Tcry  grejuy  tu  the  touch.  It  graduiUy  altenir 
•ven  when  dry,  especialJy  if  fxpot^ed  to  liglSl. 

Oxalates  of   BtliyL.     «.  Neutral  Ethylic  OxiLATM,  C*B'»0*    -  [cS'M*^*" 

Oxalic  f/A^^.— This  compound  waa  diseorercd  byBergmann  {Opuscula,  i.  '2.06)  and 
haabuen  mun*pHrticularljriDTe8ti^tedby  Th^hiird  (M<Sm.  d'  Axcueil,  ii.  11),  Buuhuf 
(Sohw.  J.  lix,  308),  Damaa  and|  BoulUy  (J.  Phurra.  xiv.  113).  Dumaa  (Ann.  Ch. 
Pbys.  lir.  227),  Lowig  (J.  pr.  Chem.  Ixxxiii.  129),  and  Frankland  and  I)uppa 
(P-  272). 

FormaUcm. — 1.  By  heating  alcohol  vith  oxalic  aciil,  more  readily  in  presence  of 
sulphuric  or  hydrnchloric  ocfd. — 2.  Together  with  chloretbylic  formate  and  hydro- 
chloric ucid,  in  tlio  de(^om  posit  ion  of  pereblorometbylic  oxalate  (p.  272)  by  alcohol, 
(Cahours,  Ann.  Ch.  Phys.  [2]  xix.  348). — 3.  In  the  preparation  of  crude  aldehyde 
by  distilling  u  mixture  of  equal  parts  of  uianganic  peroxide,  sidphoric  acid,  and  spirit 
of  20  percent.     (C.  Schmidt,  Ann.  Ch.  Pbarm.  Ixxxiii.  330.) 

Priparaticn. — 1.  One  part  of  acid  porusMc  oxabite  (salt  of  sorrel)  is  mixed  iritb  1  pU 
alcohol  unit  2  pis.  strong  sulphuric  ucid;  the  mixture  is  di»<tilled;  water  is  added  as 
soon  oa  the  dtHLillate  bopi'iis  lo  show  turbi<3ily^  the  receiver  then  nhungnd,  and  the  dis- 
tilUtion  continued  without  cooling.  On  mixing  (he  dietilkto  with  water,  the  oxalic 
etber  jtrjiarutea  and  falls  to  the  bottom ;  the  water  is  then  removed  with  a  pipette,  and 
the  ether  washed  and  rectified.     (Dumas  and  Boulluy.) 

2.  A  more  expbditiuus  und  productive  nuMhod  i»  to  beat  dehydrated  oxalic  acid  with 
alcohol,  Mitseherlich  hcata  1  pt.  of  rfHore^ced  oxalic  ucid  with  6  pte.  absolute 
alcohol,  distils  till  the  tcmporature  of  tiie  liquid  in  the  retort  rises  to  140*.  then  pours 
back  the  alcohol  which  has  pA.s8pd  over,  and  distils  till  the  thermomct^T  rises  to  llifi'' ; 
the  remaining;  liquid,  conBif4ing  chiefly  of  oxalic  ether,  ia  repeatedly  shaken  with 
water  and  rectified  over  oxide  of  lead. — According  to  Luwip,  amueh  sttauUcr  quantity 
of  alcohol  is  sufficient  fcir  the  purpose.  He  ponrs  Ijflb.  of  abttoluta  alcohol,  or  spirit  of 
97  or  98  per  cent,  on  l|lb,  of  dehydrated  oxalic  ucid;  dUtilH  slowly  till  the  ther- 
mometer rises  lo  130^,  and  then  distils  the  product  quickly  off  The  distillate  thus 
obtained  consists  of  oxalic  ether,  with  a  considerable  quantity  of  fonnic  and  a  small 
quantity  of  carlmnic  ethpr.  2SO0  grmH.  of  Jehydrated  oxulii*  acid  thus  treated  yield 
1800  grms.  oxalic  ether  and  6()l>  prms.  fonnic  ctlier.  An  mMitiontJ.1  quantity  of  oxalic 
and  funuic  Ktber  may  be  separated  from  tbe  di»tillaie  which  goes  over  below  120-',  by 
neutraJJising  wilh  carbonat«  of  potassium.  These  ethers  may  be  separuted  by  fractiomd 
distillation,  the  formic  ether  passing  over  between  5S°  and  75^,  the  oxabc  ether  at 
about  18fi*^. — According  to  Kekulo  (jUAriwcA,  ii.  15)  the  beet  mode  «f  preparation  is 
to  dissolve  debydrat^Hl  oxalic  aeid  in  not  more  than  twice  its  weight  of  absolute  alcohol^ 
saturate  with  dry  hydrochloric  acid  gas.  precipitate  the  ether  with  water  after  the  liquid 
lias  stood  for  several  noura,  wash  it  seVtiral  times  with  water,  dry  over  chloride  of  cal- 
cium, and  rectify. 

Considerable  quantities  of  oxalic  etlier  are  obtained  by  merely  leavinf;  oxalic  acid  In 
contact  with  ubsulute  ulcubol  for  a  few  weeks,  be«t  at  4U^^£iy-'.  (Lie big,  Ann.  Ch. 
Pharm.  Ixv.  360.) 

Pr<fpertua. — Ethylic  oxalate  is  a  colourless  oily  liquid,  h&ring  an  aromatic  odour, 
specific  gravity  «  1  0929  at  7'60CDiimfts  and  Boullay);  10824  at  16°.  Mendelejef 
(l^ogR.  Ann.  cxl.  229).  Boiling  paint  1B3°— 184°  (Dumaa  and  Boullav),  186° 
(KekuU).  Vapour-density,  nbs.  =  5U87  (Dnmas  and  Boullay),  filO^^Cahon  ra), 
calc.  -  606.    It  is  very  sli^rJitly  soluble  in  waUr,  but  di5w;lves  easily  in  dcohot. 

I)fCf>mjH>siiiof}$. —  1.  Ethylic  oxalate  ia  decomposed  by  cuntact  willi  wai^r,  yielding 
alcohol  And  oxalic  acid  Boiled  with  aqueous  puttuk  or  Moda,  il  is  quickly  "onverted 
into  alcohol  and  an  oxalate  of  the  alkali-metaL—  2.  Its  alcoholic  solution  mixed  with 
alcohUic  potash  j-ields  alcohol  and  a  precipitate  of  ethyl-oxalate  of  potassium: 

C»(C»U*)»0«     +     KilO       =       C»(C-H*)KO*     +     CII'.H.O. 

3.  Ammonia'ffaa  decompoaes  it  into  alcohol  and  ethylic  ojuimate  (oxamethane)  : 


NH» 


C'H^ 


(C«H*)«{ 

Ethjrilc  oxalitc  Alcohol- 

4.  With  agmous  atnmonia  it  yields  alcohol  and  oxamide: 
(CK)')  jf«,  nv-ai 

^C»H»)S  +     -^^ 


hJ 


-  HTJo) 


EthjlJcoxKOutt. 
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6.  With  ethylamine,  in  like  nwuincr,  it  yicHa  diethyl-oxamide  (C*0*)''(C^*)FH'S*, 
aud  with  </i>%/a/mnf.  ethyliccUelhTloxamiito  (C'O^rV,. ;   vhil«  tricthffUtmtn€  doo 

cm*  )^ 

not  act  upon  it.  On  these  reactions  Hofroann  ha«  founded  an  easy  method  o^aeptr- 
fiting  the  basea  produced  by  heating  ethylic  iodide  with  anmoDia  (ii.  £6d).  fiimimrly 
with  the  iwthylaminea  (iii.  fi9S^. 

6.  Ethylic  oxalate  ia  conrerting  hy  potturium  or  itxiium  into  ethylic  carbonate,  with 
evolution  of  carbonic  oxide:  C«(^CH*)«0*  =  C(C'H*)-0*  +  CO;  the  reaction  ia 
eomplicA(6<l  however  by  the  formation  of  several  orfier  produeta,  amongst  which  i*  a 
black  subfitanco  called  by  Lowig  and  Weidmann,  nigric  acid  (ice  GmtHnk^  Maa^ 
IwtJk,  ix.  181). 

7.  When  ethylic  oxalate  ia  aeitated  with  Modinm-omalgam  in  a  vessel  cxt^m^y 
cooled,  a  product  is  obtained  which  is  separated  by  pther  into  a  aolable  and  an  in* 
HolableportioDf  the  Utter  conoi^ting  of  fermentable  sugar  together  with  sodie  oxalate 
and  at  least  one  other  sodium-salt,  while  the  ethereal  eolation  yiulds  by  Bpontaoeoos 
evaporation,  crystals  hariiig  the  composition  C"H'*0',  and  cotmsting  of  the  rthylia 
ellier  of  a  tribasic  acid  C'H'O".  called  desozalic  acid,  bocanse  it  ia  prodac«d  by  de- 
oxiilation  of  oxalic  acid :  6C«H«0*  +  5H'  »  2C*flH)*  +  4H'0.  and  racemo-car- 
bonic  acid,  because  it  contains  the  elementa  of  rucemic  acid,  C'H*0*,  and  carbonic 
unbydride,  CO^  and  is  resolved  into  those  two  componnda  when  iu  aqneona  aolutioa  is 
hwtted  in  a  sfaled  tube  with  a  small  quantity  of  sulphuric  acid  (Lowiz).  The  deoom- 
position  of  ethylic  oxaluic  by  sodium-amal^m  has  not  been  completely  iureatigatedi 
but  tha  formation  of  race  mo-carbonic  acid  and  sugar  may  be  reproeeuted  by  th« 
equation : 

8C*H«0*     +     HIP      «       2C»H*0»     +     C^'K)'     +     lOHK). 
OxAllc  icid.  KiccfDu-  («luco«e. 

carbonic  add. 
(See  KiicKxo-CAitnoiao  Acm.) 

8.  Ethylic  oxalate  treated  with  ginc'eihyl  or  with  rinc  and  ethylic  iodide  (which 
produce  xinc-ethyl)  and  afterwards  with  water,  yields  ethylic  dietboxalate  or  lenoie 
ether,  C*H"(C*H')0';  and  homologous  products,  in  like  manner,  with  rincBieihylvxi 
rinc-amyl.     (Frankland  and  Duppa,  see  pnge  272.) 

Cojnbination. — Ethylic  oxalate  unites  with  atannic-chloridt:^  forming  a  ciyatallina 
compound  C-n-0'.SnCl*. 

Perchlortthylic  Oxalate  CHJl'^O'.^This  compound,  also  called  Prrchlonyvinie 
oxftJai^^  Chloroxalic  etktr,  and  P<  rcMoroxalio  etfur^  waa  discovered  and  investigated  by 
Malacuti  (Ann.  Ch.  Phya.  [21  bcxiv.  299).  It  is  producfvl  by  the  action  of  chlorine 
on  oxalic  ether  in  sunshine.  It  is  colourless,  crystallises  in  quadrangular  lamin».  is 
destitote  of  taste  and  smell,  perfectly  neutral,  transparent  when  niiwly  prepared,  but 
becomes  <^>aque  ailer  some  time.  It  melts  at  144°  with  incipient  decomposition.  1% 
ia  inaolable  in  water.  When  exposed  for  some  time  to  vtoint  air,  it  becomes  add,  gives 
off  ftamei  and  ultimately  H'^u*'-6es.  Ahohyl^  wocd-apirii,  amt/l-af<*ohof,  oil  of  tutjtmlinf, 
and  aeetons  decompose  it  immediately ;  common  eiherf  acetic  ether,  and  seremJ  other 
ethers,  less  rapidly. 

Dry  a?nmoma-<fai  converts  it  into  peiitiichlori rated  othylic  oxamale,  forming  at  the 
sami^  lime  another  amide  (prohiibly  f  rich1oracetamidr\  and  one  or  two  aromoninm-ealts). 
With  aqiuous  ammonia  it  yields  oxamide  and  tTichloracetamide.  The  reactioas  with 
ammonia  appear  to  take  place  as  shown  by  the  equations : 

CC1»»0*       +     2NH'       -       C*H»C1»N0»     +      CTPCl'UO     +      2HC1. 
ChloruxAinettuiDe.      TrlchlorAceiamldc. 

C*H»C1»N0»     +     2NH»       -       C>H«C1"N0      +      C«H*N*0>       +     2HC1. 

CbloroiUDcthaae.  THcllto^accUlnid(^  Oxnmldo. 

With  alcohol  it  3rieldf!  n  number  of  compounds  among  which  aj«  trichloracetic  add. 
hydrochloric  licid,  chloride  of  rifhyl.  and  an  oil  cmIIkI  chloruxethide  which  Malagati 
r-)>pfSfnts  by  the  formula  C'CV^O'*  (p.  271).  When  irvthtflic  alcohol  is  dropped  apon 
chloroxalic  ether,  hydrochloric  ucid  is  evolved,  and  on  adding  water  after  the  mixture 
has  cooled,  an  oily  mixture  of  oxalate  and  chlurocarbonat©  of  methyl  is  precipitated. 

Potaah  converts  chloroxalic  ether  into  oxalate,  trichlomcetate,  and  chloride  uf  potas- 
bium  : 

C-a'«0«     +     4n'0       =       CHK)«     +     2C=HC1»0«     +     4HCL 

Chloroxalic  ether  several  times  subjected  to  rapid  diiftitlation  is  converted  into 
diloride  of  carbonyl  (phosgene  gas),  oxide  of  carbon,  and  chloride  of  tricbloracfityl: 

c^n'*o«     -     coci»    +    CO    +    2(ck:i"o.ct). 

Wlir>n  kept  in  a  dosed  vessel,  it  appears  to  undergo  aAer  a  wliilo  the  nune  changea  at 
when  heuted. 


I 
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Kthpt^meihplie  oralate,  C*UK>*  -  C»(CH")(C»H»)C>*  (Chancel  Compt. 
Cliim.  1860.  pp.  373,  403). — Prwlneod  by  the  setion  of  etliTl-gnlphftte  of  potaanam  od 
the  m^thyl-oxnUt-e,  or  of  thr  niothvl-imlphato  on  the  etbyl-oxiiUt« : 

(CH«)KSO«     +     C*(C»H*)ko*       .       K»SO«     +     C«(CH»)(CTH»)0<. 

It  ifl  R  tranifparent  colourless  liquid  haring  a  faint  aromatic  odoar.  Spf^ific  gravity 
1-27  at  12°.  Boils  brtween  ICO^  and  170^  distilling  without  alteration.  Vaprmr- 
den?»ity  4*677  (calc,  for  2  toL  —  4-5508).  It  burna  with  a  bright  £ame  blue  at 
the  edges. 

It  does  not  diasolvp  in  vatfr  without  decora  position:  cold  water  and  damp  air  de- 
rompoM  it  slowly  ;  boiling  water  diHolTM  it  coniplet«Iy,  decomposing  it  however  into 
mrt  hylic  alcohol,  ethylic  alcohol,  and  oxalic  acid.  Potash  dfcomjyosvs  it  immediately 
without  tiie  aid  of  heat.  Ammonia  also  decompoBPs  it  rapidly,  forming  a  precipitate  <xr 
oxamide. 

Etiitloxaiic  Acm,  CH^O*  =  C^(C'H*)(M,  Oxalovmic  acid.  Acid  oxalate  of 
ethyl  [Mit8cherl)ch,  Pogg.  Ann.  xxxiii.  332). — The  potaasium-MUt  of  thii  acid 
in  prwluced  by  abiding  to  a  Holution  of  oxalic  ether  in  abeolnte  alcohol,  a  qountity  of 
ftlrtjholic  potfwh  loss  than  sofKciont  to  form  oxniuto  of  putiisAium;  and  on  diasolTing 
this  aalt  in  hydnited  alcohol,  carofVilly  saturating  with  sulphuric  xicid  and  nentraliaiag 
with  airbonate  of  lead  or  bonum.  tho  olhyl-oxalato  of  It^iiu  or  barium  ia  obtained. 

Th«  acid  itself  iq  prepan^d  by  decompOHing  either  of  these  salts  with  sulpharie  ncid  ; 
but  it  is  very  unstable  and  is  decomposed  by  concentralion  into  alcohol  and  oxalic  ncid. 

The  potnuium-MoU,  C*(CH*)KO»  forma  ciyBtalline  scales  which  begin  to  deeompoaa 
towards  100° 

Pentachlorrihyloxalic  net d  or  Chloroxalovinic  acid,  C'HCl'O*  (Mais 
gnti,  Ann-  Ch.  Phya.  [2]  Ixxiv.  flOfl). — Thin  oompomid  ia  not  produced  by  the  action 
of  chlorine  on  cthyl-oxiihc  ncid,  but  1.  In  the  decomposition  of  perchloroxalic  cthrrbT 
alcohol  (p.  270). — 2.  Wlien  chloroxothiJe  U  treated  with  cold  aqueous  solutions  of  tha 
6xed  alkalis. — 3.  When  pentochlorinatfd  oxamate  of  ethyl  ia  treated  with  aqueous 
ammonia  : 

C*KI1»C1»0»    +     H'O      -      0(NH*)C1K)'. 

It  may  be  prepared  by  placing  the  lAst-raentioned  compound  in  contact  with  aqueous 
ammonia  till  it  is  coTnplct.cly  dissnlTcd.  and  evaporating  in  tjicuo,  whereby  cryKtallised 
cliloroxalovinatc  of  ammonium  is  obtained.  This  salt  is  dissolved  in  water;  tbe  solution 
mixod  with  carbonate  of  sodium  aiid  eTaporated,  first  on  a  sand-bath,  afterwards  in 
Tucno  orer  oil  of  vitnol ;  thp  chlopoxaloTinnte  of  sodium  is  extracted  from  the  rrsidne 
by  absolute  alcohol ;  the  soda  pre<.'ii»itat»'d  frr»m  this  solution  by  the  exact  quantity  of 
sulphuric  acid  reqnir*-d;  the  liquid  61tered;  any  excess  of  sulphuric  acid  that  it  may 
contain  prwnpitated  by  barytii-water ;  the  lirjuid  filtered  again ;  and  the  alooholie 
solution  of  chloroxalovinic  acid  eTaporated  to  the  crystallising  point,  first  over  the 
water-bath,  and  then  in  vacuo. 

It  formn  rolourless  needles,  which  melt  at  a  gentle  heat ;  haa  a  burning  taste,  and 
forms  a  white  spot  on  thf*  tongue;  if  placed  for  a  while  on  the  back  of  the  hand,  it 
produces  violent  pain  nnd  a  white  spot  surrounded  with  an  inflamed  ring.  It  dissolves 
in  ali  proportions  in  tea/(r  and  deliquesces  very  quickly  in  the  air.  It  dissolves  alsc 
in  alcohol  and  in  eOwr. 

The  ammonium-saU  is  crystalline ;  may  be  fused  without  decompoeing;  tastcfi  very 
bitter  and  pungent;  haa  a  faint  acid  reaction.  "When  heated  to  the  boiling  point,  it 
decomposes,  without  evolving  ammonia,  and  gives  off  thick  Taponrs  smelling  of  aeetie 
acid.  It  deliqueacGB  and  turus  yellow  in  the  air,  bat  becomes  white  again  when  driod 
in  vacDO. 

Makguti  has  deRcrihed  a  substance  wliieh  he  calls  anhydrous  chJoroxalovinie  aeid 
or  ekl&roxft hid f,  C*C1'*0'',  but  whieh  appears  to  bo  mert'ly  a  h'quid  modiUcution  of  the 
preceding.  It  is  obtained,  among  other  products,  by  the  action  of  alcohol  on  prrchlor- 
oxalic  rther  (p.  270).  It  is  quite  neutral  when  newly  prepared,  but  quickly  turns  acid  by 
contact  with  moist  air.  It  boils  at  200*^,  becoming  couxired  at  the  same  time.  It  ia 
insoluble  in  wateFf  bnt  soluble  in  alcohol  and  in  ether.  Ammonia  converts  it  into 
chloroxametbano. 

Oxalate  of  Sttiylene.    C*U*0*  =  \^^vf\^*'      Oxalate  of  glycol—Thw  com- 

Sjund  appears  to  be  produced  by  the  action  of  Itromide  of  ethylene  on  oxalate  of  silver, 
y  exbaoflting  the  product  with  ether,  treating  the  ethereal  solution  with  alaked  lime^ 
and  eraporating  the  filtrate,  a  liquid  wiis  obtained,  baring  a  peculiar  sweet  taste,  in- 
soluble in  watf-r,  boiling  with  decomposition  at  a  high  tempemture,  and  yielding 
oxaraide  when  treated  with  ainraonia.     (Wurtx,  Ann.  Ch.  Phys.  [3]  Iv.  400,) 

Oxalates  of  Ketnyl.    Nkvtrai.  Mbthtuc  OxALaxE,   C*H*0<  »     (CH'M^ 
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(Dumas  and  F^Iigot.  Ann.  Ch. Pbys.  ^]  Iriii.  44. — Weidmann  and  Sehweiirt; 
Pog^.  Ann,  liiii.  602.— Wdhler,  Aiul  Ch.  Pharm.  Ixiatj.  376). — Thi»  cuvnpcnud  m 
^obtained  by  distUling  a  mixturo  of  eqtul  parts  of  ttulpharic  add^  oxalic  acid«  and  vood- 
apirit;  or  bv  dr^^nching  1  pt.  of  »aIt-of-K>rreI  with  1  pt.  wood-spirit  and  1  prt.  nU 
pnario  acid,  learine  the  mixtur*;  to  stand  fur  some  time,  und  then  aistilling.  Towwdi 
the  end  of  thedistilhition,  met  hylic  oxAlote  paaaeii  orsr  nearly  pore  and  cryBtalliMa  ia 
thr  ne^k  of  the  retort.  Thn  liquid  product  whieh  first  pusaeii  orer  alao  yicldM  o^al- 
Yisi-d  methylic  oxalute  when  loft  to  evaponit<*. 

Metbvlic  oxiihito  cry«lalli8«»  in  culourlofs  rhombic  tablKtfl,  melta  at  dl°,  and  bcrilitt 
161°.  It  is  soluble  in  water,  atcohuh  and  rthrr,  but  The  aqueous  aolotion  qoidtlr  de- 
oomposofi  into  oxidic  acid  und  m^^tliylic  ulcohol.  Tho  sumo  dooompotfition  in  pPodac«d  ■ 
still  more  quickly  by  cnuDtic  -potash  ortoiia^  With  aqurova  ammonia  ft  yields  oxazuidrjT 
"wHyk  goHoui  ammonia^  merhylic  ozamate  (oxamctbylune) ;  with  nnc'tth}fl  it  " 
nif thylie  diethoxalate  and  homologous  compounds  {infra). 

Chloromethj/lic  oxalates  (Mulaguti,  Ann.  Ch.  Phono,  xxxii.  49).- 
gns  acts  very  slowly  on  fused  methylic  oxalate  in  diffused  daylipht,  fonnin$r  a  Hqni 
duct  which  appears  to  be  dichloromethylic  oxalate,  C^HH^l'O*  =  C\CRC 
iiiHamuoh  as  it  is  immediately  resolred  by  water  into  carbonic  oxid«^  oxalic  acid 
hydrochloric  acid : 

C*H«C1*0«     +     2H*0       -      2C0     +     C»H«0«     +     4HCL 

In  snnHhine,  chlorine  acts  mure  strongly, producing  UHCrcous  Uminie  of  trichloro- 
methylic  oxalate,  C\CC1')'0\  which  smull  of  chloride  of  carbooyi  (phosgene)  and  i 
ore  resolved  by  heat  into  that  compound  and  carbonic  oxido  : 

c*a-o«     -     CO    +    acoci*. 

With   alcakol  they  yield  ethylic  oxalate,  ethylic  chlorofomiate,  and  h; 
acid: 

C\CC1*)K)*     +     4C«H«0     =     C*(C«H»)«0*     +     2CC1(C«H")0«     + 

Compounds  produced  bij  the  action  of  Zinc-ethyl,  ^c,  on  the  Oxalic  ethers. 

When  the  oxalates  of  the  alcohol -radicles  are  treated  with  zinc-methyl,  zinc-fthyl,  , 

&c,  ethera  are  produced,  the  acids  of  which  may  be  regarded  as  oxalic  acid^    »:7    [  ^\ 

in  which  1  atom  of  oxygen  is  replaced  by  an  equirolent  qnantity  (2  at.)  of  an  olrohol- 

radicle,  or  what  comoalo  the  6udjq  thing,  as  glycollic  acid  ^        ns  [0',  in  which  3  aC 

hydrogen  belonging  to  the  radicle  glycollyl  are  replacod  by  2  at.  of  an  alcohol* radidl^ 
tiius: 

Dimethoialic  or  Dimethoglycollic  acid         .       OH*0" 
Ethomethoxalic  or  Sthumethoglycollic  acid .       C*E'*0' 


jo. 


C»H'»0«    - 


C'H'*0"    - 


C?*H'*0"    - 


[C^CHJOfjo. 


c-H-o-.  [c-cc^rjo.       I 


Biethoxolic  or  Biethogly collie  acid 

Amhydroxalic  or  Amog!ycoUic  acid     . 

£thamoxalic  or  EthamoglycoUic  add  . 

Duimoxalic  or  Diamoglyoollic  acid 

These  acids  are  therefore  homologuea  of  glycollic  acid, — also  of  lactic  acid  (?H«0", 

which  may  be  formulated  as  methydroxiilic  or  mrthoglycoUic  acid»  ^   ^   wt  t^ 

Th**  first  in  the  above  list  is  isoramc  or  identical  «nth  hutylactic,  the  second  with  Talev»- 
luetic,  the  third  with  Ipupic  acid.  Frnnkland  (Proc.  Roy,  Soo.  xii.  396)  obtainid 
rthylic  leucutr  or  diolhoxalate  by  the  uctiun  of  zinc-ethyl  on  ethylic  oxalate,  and  the 
cthi'rs  of  the  other  addj  of  the  srries  huvo  been  ubtaitiitl  in  like  manner  by  Frank- 
hind  and  Duppa(Proc.  Roy.  Soc.  xiii.  140:  xiv.  17,  7ii,  83,  I&IV 

The  acids  of  the  glycollic  or  lactic  Bttrit^  OH^'O"  differ  from  those  of  tho  aczylie 
aeries  C'H*"'0*  (i.  BS),  by  I  atom  of  water :  e.ff.  M 

C'H-0'       -       HK)         «         C«H*0«  " 

lactic  4idil  AcrjUc  actd. 

And  it  has  lately  been  shown  by  Frankland  and  Duppa  (Chem.  See.  J.  xviii.  1S3), 
that  by  the  action  of  trichloride  of  phoi>phorua,  which  abvtmcts  the  elcmonu  of  water, 


I 
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ih^  tihyVie  Mhewofthe  glycollic  or  luetic  wrtos  may  be  converted  into  the  ethylic 
Hhers  of  n  serioa  of  mcids  iwjineric  with  the  natural  odds  of  the  ncrjUc  Bvnea.  Am  thn 
others  aro  of  coone  included  under  the  stinte  geoerai  trnpirioU  formaU  na  the  acids 
thfm«elTcs  (each  ether  being  formed  from  its  correapooding  acid  by  addition  of  CH*) 
the  Kaction  may  be  repre«eoted  hy  the  general  equation : 

8OH*0»     +     PCI*      -      8OH*»-«0»     +     PH«0»     +     8HCI 

«.ff.  3C»H»*0*      +     PCI'       -       3Cni'*0«         +      PH'O*     +      SHQ 
titiylic  leucate.  EthrHc  e<ho<  Photprior- 

crotooile.  oiu  add. 

TliA  ethers  tJiua  obtained  may  be  eonvorted  into  potaasinm-  or  banum-aalta,   and 

Ifaeae  into  the  corresponding  aoida,  in  the  usoal  way.  In  this  manner  bare  been  obtained : 

Methacrylic  acid«  iaomerto  with  Crotonic  acid        .         .         .         C^HH)* 

Metboorotonic  acid,  iftomeric  with  Angelic  acid     .  .         C^U'C 

Ethocrotonic  ucid,  isomeric  with  Pyroterebic  acid  ,         ,        C^U^O* 

£thoniu(hocrutODic  .icid,  isomeric  with  Damalurie  acid  ,         CH'^O* 

[For  further  detsila  reepectins  the  relations  of  these  two  series  of  acida>  also  of  tho 

acids  of  the  acrylic  to  thoae  of  the  ucl'Uc  aeries,  see  Aptbndix.] 

We  now  proceed  to  describe  the  prepAiation  and  properties  of  the  sereral  acids  of 
the  glycoUic  series  above  mentioned. 

1.  OietlMxaUo,  J>letbor>ycolUc  or  Keactc  Add.  Cn"0'.— Eihylic  oxaUta 
treat^i  with  ftinc-otbyl  and  altcrwarJs  with  wal*»r  yields  elhylic  h-ucaC«  K^ther  with 
alcohol  and  hydrate  of  zinc     Tho  {iuA\  rcHult  may  bo  thus  stal^'d : 

C«H'»0«    +   Zn'(ClVf  +    2HH)     =     C^"(C»H»)0»  +   CH-O    +   Zn"H»0». 

The  reaction  bowurer  takes  place  by  two  stages:  the  first  product  is  a  solid  resin- 
oiu-looldng  mass  consisting  of  einc-monetby  1-ethylic  leucate.  C'U^ZnO*,— a 
compound  dierivcd  from  oxalic  etlier  by  the  sub«ftiiutioD  of  2  at.  ethyl  for  1  at.  oxygen, 
and  of  1  at.  zinc-monethyl,  ZuCH\  for  1  at.  eth^l,— and  this  compound  when  treated 
vith  water  is  resolved  into  etliylio  leocatc,  alcohol,  and  zinc-hydrate: 


0» 


CO* 

(C*H*)» 

Ettijlir  oxalstF. 


2Zd' 


ZnCH*        L0» 
C»H*       j 

Zln&moortlijrl'Ahjrlic 


(CHP 
C*H» 


Zloc^thjl. 


2HH) 


[C"(C1P)»0]''] 


ZnCH* 

C«H»      J 

Zinc-monf^tijl- 
eth/llc  Irucala, 

[C«(c»H7or 

H 
C»H» 

Ethyllc  Wucatfc 


0« 


y     -JC«H»» 


n 


Zlnc-<4hykv 
rlhj-lato. 


0» 


H 

Alcohol. 


Zlnc- 
hfdniU. 

In  this  and  in  all  the  anologotifl  Tractions,  it  is  fbnnd  ad^'antogeona  to  aie,  instead  of 
san<?-ethyl,  Ate,  a  mixture  of  ethylio  iodide  and  amalgamated  zinc,  whereby  the  organo- 
zinc  compound  is  gencmted  dunng  the  roaction,  and  the  trouble  of  apf^ally  preparing 
it  is  saved.  The  whole  operation  then  proceeds  at  the  ordinary  atmosphenc  pressure, 
and  a  larger  product  is  obtained.  The  first  stage  of  the  reaction  in  the  prodactioD  of 
leueie  ether  may  then  be  represented  as  follows : 

(CK)T)  [C«{C'H»»'Or 

(aH»M^'   +   4C»H»I   +   Zn*     «  ZnC'H* 


}- 


Zn 


.<C«H» 


iC^H*0 


be  obtained    ethocrotonic  acid,  ^'^*<^*)^  j  0 - 


ZnC'H 

Ethylio  leucate  or  diethoxslate  has  been  ab^ady  described  aa  leudc  ether  (iii.  5781 
When    treated    with    (rich/Qriiie    of  phospkont4y    it    yields    ethylic    etbocrutonate, 

C*H'"0*,  isomeric  with  pvroterebic  acid  {rid.  sup.'), 

Zisc-ethvl  acts  violently  on  it,  each  drop  on  coming  in  contact  with  the  ether,  even 
if  previoQsly  cooled  by  a  freezing  mixture,  hissing  lilu  phosphoric  anhydride  dropt  into 
vater.  The  product  of  the  rpuction  \»  zincmonethyl-ethyhc  leucate,  the  change  con- 
sisting in  the  substitution  of  zinc^monc'thyl  for  hydrogen,  and  being  accompanied  by 
the  evolution  of  torrents  of  ethylic  hydride : 

C^"(C«H»)0*     +     Zn"(C*H»)«     «     CH"(ZnC«H»)  (C*H»)0»     +     C"H« 

Zinc-moncthyl-ethylic  leucate  is  a  colourless  viscous  solid,  aolubte  in  elhcr,  but 
apparently  inaipable  of  crystalliaation.  It  abHorbs  oxygen  with  avidity,  and  efiervesees 
strongly  in  contact  with  water,  reproducing  leucic  ether: 

O'H'%ZnC'H*KC»H')0»  +   2H*0     «     C-H"(CR»jO»   +   CH-  +  Zn^HH)*. 
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T 


+  azn-i'. 
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Iodine  acta  8trougly  upon  it,  prodactng  docolencic  ether,  iodide  of  etfajl,  and  la 

of  KIDC: 


2(>H'»(ZnCT!»)(C*H*)0* 
Zlnomonpttiyl-ethjllc 


+    I' 


C'»fl*»Ztj'(C»H")«0* 
Zlncoleoclc  eU)«r. 


+    Zna*    +    2CTn 


Mtthi/tie  Dicthoxaiai^,    A  mtxture  of  4  at  ethylic  iodide  and  1  at.  netfajUe  otxalalLl 
dieted  vith  sine  for  about  96  hours  at  30^—60°,  solidifies  U>  a  mnam  of  ci^ataU,  vM  \ 
when  treated  with  water  and  distilled,  yields  etbytic  alcohol,  and  an  ether  having  tfa* 
composition  of  dicthnxalate  or  leucate  of  methyl : 

(CW)')  [CTC«H»)«Or} 

CH«     ^0'  +   4C"H»I   +   Zd*     «       ZnC»H'        \ 
CH"    )  CH»        ) 


^  JC'HK)   * 


aziiT. 


M«ihytlc  oxalate. 

[c«(c»H*)»or> 
Zncn*      \ 

Ziiic-raiKiethrl- 
methjKc  leucat& 


+    2HH)     - 


Zlnc.mon*lhjrl- 
mrthfUc  Itrucate. 

[C»(CH*)H)]'') 
H  >0« 

CH"         1 
MtKhjrllc 
Irurato. 


ZiDC-m^hjrU 


+   Zc-flX)«. 


Rihrlle 
bydrldeu 


Mcthylic  leucato  is  n  colourless,  ttanRpnrent,  tolerably  mobile  liquid,  faaTing  a  pMsbtf  I 
odour,  not  much  like  that  of  etby lif?  leu««te,  sparingly  soluble  in  water,  eaail/  in  aleobol 
or  ether.     Specific  grarily  =  0*9606  at  16*5^.     ^iJa  at  165°  and  distil«   nnchan^ 
Vapour-density,  obs.  »  484;  ealc.  =  6-03. 

jfethylie  lencate  is  easily  decompofted  by  alkaline  basea.  yielding  znethjlie  akobul 
and  metallic  Icucates.     The  barium-sait,  C"H''Btt*'0*  thus  obtuined    is  a  crystallin* 
mass  very  soluble  in  water,  alcohol^  and  ether.     On  deoompoaing  it  with  valpharie  arid 
and  eraporatin|7  the  filtrate,  diethoxatic  or  leucio  acid  is  obtained  in  splenoid  cTTtf^b 
which  sublime  readily  at  60",  slowly  even  at  common  tempppafurcH,  and  melt  at  74  4\ 
In  these  respccttf  the  acid  thns  obtained  agrees  with  ordinary  Icucic  acid,  and  with  I 
that  obtsinpd  hy  the  action  of  zinc-ethyl  on  oxalic  Pther;  but  the  silver-salts  of  ebsJ 
two  adds  differ  in  certain  respects,  that  obtained  from  metbylic  leucate  ctystallisin^J 
in  anhydrous  silky  fibres  which  are  scajccly  discoloured  at  190°,  whereas  that  obtaioral 
from  ethylic  Icueate  forms  brilliant  mdi&te  needles  containing  ^  at  water,  which  il  T 
does  not  gire  np  at  100°  though  it  suffers  rapid  diaooloration  at  that  tempervborsL    II] 
if)  possible  tfaerHfon*  that  the  diethoxiitic  or  lencic  acids  obtained  by  the  action  of  n 
Gtbyl  on  the  oxalates  of  etliyl  and  methyl  respectively  may  not  be  abaolotely  identiei^l 
but  only  i«)raeric. 

Amy'lio  Dpthoxalatf.    A  mixture  of  amylic  oxalate  and  ethylic  iodide  m  «qiiJTaI«D£ 
proportions  digested  with  Einc  for  several  days  at  50° — 60°,  and  snbeequently  tn«t«d 


4C«H*I   +  2n«     - 


with  water,  yields  in    like 
leucate,  CH-^O' ;  thus: 

(C»OT> 
0»H»'  >0» 

Amyllc 
oralutc. 


[C(C«H*)*0]-) 
ZnCH*  VO' 

OH"        ) 
Avyllc  itnr.moovtbyla. 
Iracate. 


manner  a  distiUiite  containing  amylio   diothozalate  or 


0' 


+   2H'0     « 


[C»(C»11*)*0)" 
ZiiC'H* 
C*H*' 
Aoirbc  itnc- 
inoDethjIk  leucatf. 

H  fO' 

OH"        ) 
Amfltc 
leuc&te. 


Zn' 


)C»H»'0 


2Zd1>. 


Ztnc-pth]rlo- 


CH' 


'H»J 

Hi 


+    Zn-HK**. 


AmyUc  loucate  is  a  coloarI*«8,  transnarent.  aliglilly  oily  liquid,  having  a  f^agrmol 
and  somewhat  amylic  odour;  insoluble  in  water,  but  soluble  in  all  proportions  is 
alrflhol  and  ether.  Specific  graTity  «  093227  at  13°.  Boils  constantly  at  225®. 
Vapour-dpnaity  obs.  '^  6'74 ;  calc  =  6(>7.  The  boiling  point  and  specific  grarity 
in  the  liquid  state  of  this  ether  are  almost  identical  with  those  of  ita  iaomer,  ethylic 
plhamoxalHte  (p.  276). 

StmetboxaUo  or  BlmfltboirlrcoUifi  Add.    C*H"0'  =  f'^^i^'^J^|o»— A 

mixture  of  1  at.  mcthylir  oxalate  and  4  at.  methylic  iodide  treated  with  amalfmmated 
sine  as  alxJTe  describt'd,  Kolidtfips  Ijd  a  yellou-ish  gumTTiy  maMs,  which  wlipn  distillxi 
with  water,  yields  mcthylii:  ak'ohol,  snd  Icaye?  a  rcsiduu  of  iodide,  oxalate  and  dimethox- 
alate  of  zinc.  The  reaction  in  doubtless  exactly  similar  to  that  of  zinc  and  ethylic 
iodide  on  ethylic  oxalate  (p.  273],  and  might  be  reprfscjited  by  perfectly  similar 
equations,  snbsritutinf;  ct«thyl  for  ethyl;  but  the  rceulting  dimethoxalale  of  methyl 
Bfipears  to  be  Tery  unstable,  and  to  be  decomposed  by  the  hydrate  of  tine  as  ^t  as  it 


I 
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Tlie  formation  of  ethylic  Ainh^roxylate  iiijrepretented  by  the  eqnatiooi^ 

C*H»» 
C*H-0 


Llie  formation  of  etbTlic  AmhjdroxyLate  m  represented  br  tne  eqm 
Cni>   J0«  +  4(?H"I  +  Zn»  »  ZnC*H'»  >0«  -►  Zii|^.a  +  2Zrf». 


(C»(C»H"XZnC»H")Or 

ZnC*H»  ^0«  +  4H«0 


The  oom|>oimd  C"H"Zn''0'  formed  in  the  first  stage  of  the  reaction  eoiuuts  of  oxaHe 
ether  in  which  an  atom  of  oxygen  is  replaced  half  by  amyl  and  half  bj  sine-moaaajl 
whilst  a  second  atom  of  zinc-mcmamyl  is  sabrtitated  for  one  of  ethyL 

C«H((?H")0) 

Ethtflie  am^droxalaU,  CH"0*   a  H  yO',  is  a  somewhat  oily,  tnns- 

parent^  slightly  straw-colonred  liqnid,  of  specific  graTity  0-9449  at  13^,  haring  a 
pleasant  aromatic  odour  and  burning  taste.  It  bous  at  203°.  Vaponr-denaity,  obs., 
=    6-47;  calc    «-  60. 

AmkydroxalaU  ofSarivm,  C>*H''Ba'0',  otystalUses  in  large  beautiftil  nacno&s  seiki 
like  paraffin,  moderately  soluble.  The  calcium-sait,  C"H^a''0',  forms  a  wliite  ay»- 
talline  mass. 

The  hydroaensalt  or  amhj/droxalio  aeid^  CH'^O',  prepared  from  the  mac  salt  wfaidi 
is  contained  in  the  residue  remaining  after  the  distiuation  of  the  three  ethen  abort 
described,  is  but  sparingly  soluble  in  water,  from  which,  howerer,  it  ciytsllisws  in 
beautiful  nacreous  scales  which  melt  at  60*6°,  but  afterwards  remain  liquid  finr  sons 
time  even  at  ordinary  temperatures;  they  are  very  unctoons  to  the  toooi,  and  easi^ 
soluble  in  alcohol  and  ether. 

The  eoppersaltt  C'*H*H}u''0',  is  deposited  from  its  aqueous  solution  in  nmnitel^ht 

blue  scales,  ycry  sparingly  soluble  in  water,  

6.  BthamoMUte  or  SttuuDoflyeolUe  Add.  O-ff^O"  -  [C\C«H»^0»H")Or j^^ 

—The  ethylic  ether  of  this  add,  C"H^*,  is  the  portion  of  the  ethereal  distillate  aboit 
mttntioned,  which  boils  between  222°  and  226**.     Its  fbrmation  is  represented  by  tin 

equations : 

10»  +  4(?H"I  +  Zn-  -  cm*  }0*  +  Zn-}xa,A  +  S^'- 


[C«(C»H'»)(ZnC*H")Or  f  nt 

rc«H»)«  i" 


>  >  ^?'  I 


2H»0     - 
[CXC^,(C.H.,Or^^,  .  CJ.  J    ,   ^^^ 

C«H» 

Ethylic  Mhani' 

nzalate. 

Sthylle  ethamoxalate  is  a  straw-coloured  oily  li<^uid,  baring  an  azomatie  bat 
somewhat  smylic  odour  and  a  burning  taste.  Specific  gravity  «  0*9399  at  13°. 
Boiling  point  between  224°  and  226°.     Vapour-density,  obs.   =   6'29 ;  calc    ■•  6-92. 

By  deoompotiing  this  ether  with  alcoholic  potash,  adding  sulphuric  add  in  excM% 
and  treating  the  product  with  ether,  ethamoxalic  aeidis  obtained  as  a  thidc  oil, 
gradually  solidifying  to  a  crystalline  mass.    The  ^rium-^a// contains  CCBa^O*;  die 

6.  lMaino¥alteor»tamoglyoomcAcid,C"H»0«  »   l^^^^")^]''|o.— IW 

ethylic  ether  of  this  acid,  CH^O",  is  contained  in  the  last  portion  of  the  ethcml  di^ 
tillate  resulting  fW>m  the  action  of  ainc  and  iodide  of  amyl  on  oxalic  ethe&  Ita  ftn» 
tion  is  represented  by  the  equations: 

C«H»  V0«  +  4C»H"I  +  Zn*  -       ZnOH"      >0»  +  Zn"  J^":.^  +  9ZbP. 

Btbyllc  Ethylic  ifne-  Zfnc-amylo- 

oxauttsii  mtnumTl-diam-  ethyUte. 

oxalate. 

iioS"      \0»  +  2H»0  -  H  yO«  +  ^S       +  Zn-HW 

Ethylic  line  mon-  Ethylic  dl- 

amyl-dljaioiiJate.  atnoxalate. 
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Etkj/iic  diafiioxatait  \b  more  visdd  tluin  the  two  last iie«cri bed  oUien,  aiiil  biM  th« 
Viwo«t  speriflc  gravity  of  unj  ether  belonging  to  this  series,  its  deiuritj  at  IS*^  being 
ouljr  0'0137.  Tu  fiict  the  sptxitic  gnivitit*  of  &U  these  ethers  docieaM  as  their  atomic 
weights  increase.  Tbeir  raiwure  also  exhibit  a  tendency  to  dissooatioa,  increaiiing  with 
tlie  iretght  of  the  atonu  which  rrpliiLV  the  oxygen  in  oxalic  ether,  whence  there 
arisea  mn  increaaiDg  divergence  between  the  obaerred  and  calculated  vapour-denHiti«s. 
The  Tttpour-denaity  of  ethylic  diamoxalate  ia  by  expcrimejit  6  4,  by  calculation  only 
60.     Boiling  point  about  262". 

Diamorafatf  o/^anKm,C*H**Ba"0',  obtained  by  decomposing  the  other  with  baryla- 
wnter,  crystalliiies  in  minute  elastic  needles  b&Tiog  the  appearance  of  wool  when  dry. 
It  lA  mudcRiU-ty  Moluble  in  hot,  sparingly  in  cold  water. 

Diatnoxalic  ttcid,  uhtuintxl  by  decompotring  a  aolutioD  of  the  bariuin>Ra]t  in  hot 
dilute  alcohol  with  ftulphuric  acid,  and  evaporating  the  filtrate,  crrstallifes  in  coloarlcaa 
satiny  fibres,  insolwbl*?  in  wiiter,  but  Boluble  in  alcohol  and  ethfr.  .  It  roelfjj  iit  122^, 
and  BolidiKi's  iminediately  aftor  a  very  slight  reduction  of  temporatiire.  At  a  atronger 
beat  it  suhljnjes  and  cnndenfies  on  a  cold  surface  in  white  crystalline  flakes  like  snow. 

7.  Actif/H  qf'  Ztnc  an  a  mixture  qf  Amyiic  oxaUtte  and  Aniiflic  todidc.  When  these 
ethers  in  equivalent  quantities  are  gently  heated  vnth  zinc,  a  brisk  reaction  soon  sets  in, 
much  amylic  hydrid*-  and  itmyleae  are  evolved,  and  the  whole  solidifies  to  a  gum-Uke 
masSt  wliioh  when  distilled  with  water  yields  an  oily  liquid  rGsembling  that  obtained 
when  ethylic  oxalftti^  in  used,  and  tii  all  prohubility  containing  a  series  of  amylic  ethers 
analogooB  to  the  ethylic  othera  described  nnder  4,  5  and  6  -,  but  it  has  not  yet  been 
fbond  possible  xo  sepamto  tbcm,  their  boiling  pointa  being  so  high  that  they  deoonaposo 
when  an  attempt  is  tnude  to  disUl  tbem, 

OZAliIT&    Katire  ferrous  oxalate,  also  called  Humboldtine  (p.  258). 

OXA.ItMETB TXO Vnm>B.     SyiL  with  Mjithtlxt hylic  OxjLUiTS  (p.  271). 

OXA.^OVZ20-ZC  ACID.     Syn.  with  ErffTLorixic  Acid  (p.  271). 

r"im«v)»i  (CO*)  J 

OXAX.VKAMZI>a.      Oxaldn,     CH^IfO"     =-  ^t      J  N   or     {CO  f  fN'. 

(Rosing  and  Scbischkoff,  Ann.  Ch.  Pharm.  cvi.  2fi6. — Liebig,  ibid,  cviii.  126,— 
Streckcr,  »6w2.  cxiii.  47). — A  compoimd  obtained  as  a  white  precipitate,  togotherwitb 
diithiHc  acid,  by  the  actioa  of  ammonia  and  hydrocyanic  acid  on  alloxan: 

H'O  +  NH«     «     C«H»N»0»  +   C»H*N'0*  +  CO". 

OxftlurAmide.        Dialurtc  acid. 
Probably  also  by  the  action  of  anhydrooa  ammonia  on  parabunic  acid : 
C'H»N«0'  -f   NH»     =     CH*NK)'  (Strecker). 

It  was  first  prepared  by  Hosing  and  Schischkoif,  who  ctdled  it  oxalcn^  and  assigned 
to  it  the  formula  C'*H*N"0".  Its  formation,  however,  appears  to  have  been  pre- 
viously observed  by  Li(^big,  and  analyses  of  it  subnixjuently  made  under  his  direction 
do  not  agree  with  Rosing  and  Hehiiichkotra  formula,  but  show,  in  uccordtuice  also  with 
Strecker' s  analyfiia,  that  the  body  has  the  compusiUou  of  uxaluramide : 
CaUmiatiom.         Uottn^  knil  SchifchkotT.  Liebig. 

C»  36         276  270        277  263        27  7 

H»  fi  8-8  40  4-4  40  42 

N>  42        32-1  30-3        301  32*6        324 

0*  48         36-0 

131       100-0 

Strecker  has  alfco  shown  that  the  hydrocyanic  acid  takes  no  part  in  the  reaction,  further 
than  as  a  sort  of  ferment,  and  that  the  whole  of  it  may  be  recovered  from  the  liquid 
filtered  from  the  precipitate  of  oialununide. 

Oxalummide  is  a  white  crystallinw  powder,  insoluble  in  cold  water^  hut  dififlolvrd 
and  decomposed  by  prolonged  boiling  with  wnter,  with  formation  of  oxalurate  and 
oxalate  of  ammonium.  Whtn  boiled  with  caustic  fl/A'a//s,  it  gives  oflTsmmoniH  and  yields 
an  oxidate.  It  dise^olves  compU-loly  in  strong  stdphuric  acid,  and  according  to  StPi'ckrr 
is  precipitated  fbom  the  solution  by  water,  in  its  original  state.  According  to  Rosing 
and  Schischkoflf^  on  thp  other  hand,  the  body  thus  precipit;d*d  is  apniduct  of  decom- 
position, containing  C"H^'N"0**;  moreover  the  dilute  f*o]uti'>n  from  which  thts 
i-ompound  has  sepirufed  drpocils  after  a  white  l.irgi*  rolmirleHs  prisma  L-onTttininp 
C*H'*N*0*-  According  to  Strecktr,  however,  this  last  body  is  nothinK  hut  alloiantin 
(C^H'^N'O'*),  formed  by  the  action  ofthe  acid  on  dialnrateoi  ammonium  adhering  to  the 
oxalununide. 


2C*H»N'0* 

AIIOKMl. 


8lr<>cli.«r. 

27-7 

3-8 

32-4 
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OXALURANILIDE— OXAMIC  ACID. 


A  solution  of  alloxan  mixed  vith  hjdiOGyanic  acid  jieldt,  on  addition  of  tOiji' 
amine,  phenylamine,  &&,  precipitates  rosembling  oxalnnraide  and  oottsistiiig  d 
•  thyl-oxaluramide,  C'H'(C'H»)N"0».  phenyl-oxiiltir*midp,  C»H*(C»H»)^0», 
&c.     (Streckcr.) 

The  liiBt-iiiPntioned  body  is  identical  with  that  which  Laurent  and  Oeriarit 
obtained  by  heating  parubanio  acid  with  aniline.  It  is  a  white  slightlj  naoveia 
ifrystnlline  powder,  composed  of  well-dcSned  microscopic  needles^  tast^Ia^s  and  inodorBOi, 
insoluble  in  boiling  wAl*?r,  nearly  insolubli'  in  boiling  alcoliol ;  it  meltA  at  a  high  tempe- 
rature, and  dKcomposes  when  still  more  sirungly  heated,  friring  off  very  acrid  ^ip^vs 
contuining  eyaDo^n-eomi>oands.  When  slightly  faealpd  vitli  potash,  it  gives  off  aniHsa 
and  amniciniu.  It  dissolves  easily  in  »ulphur!c  add.  thi»  solution  when  heal«d  gi^'iD^ 
off  carbonic  anhydride  and  carbonic  oxide,  a'ithout  blackeuing;  and  the  procnci  tf 
exposed  to  the  air,  Rradually  becomes  filled  with  crystnU  of  acid  sulphate  o#  junmoosi^ 
and  jrields,  when  diluted  with  water,  the  reaction  of  phenyl-sulphuric  ftcid.  (Laureat 
and  Oerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  177.) 

OXAXUlLAXrZLZDB.     Syn.  with  PBSKTX^oxAi.viuafn>a  (i^.  #wp.). 

OXAX.inuC  ACZD.    C'H*N*0*.    (Liebigand  Wohler,  Ann.  Ch.Pharm.  zrri. 

I  S87.) — When  pHnibanic  acid  is  heated  with  aqueous  ammonia^  it  ia  eooTerted  into 

'  oxalorato  of  aDinionium ;  or  carbonate  of  calcium  dissolved  in  aqocona  parabanie  add 

yields  oxalorate  of  calanm.     Oxalorate  of  ammonium  is  also  formed  by  the  aefioo  of 

oxycen  on  an  aoui>ous  solution  of  mnrcxan  (^ee  Mxtubxak)  ;  and  by  adding  anumnia  la 

a  solution  of  one  add  in  warm,  very  dilute,  nitric  add.      The  ammoDiam-saU  is  dia- 

r  tolved  in  warm  wuter,  and  tho  oxaluric  add  precipitated  by  a  mineral  aoid,  washed  sad 

dried  ^Liobig    and  Wohler).      Lastly,  oxaluric  acid  is  produced,  together  with 

gua&idine,  pazabanic  add,  xanthine,  and  area,  by  the  action  of  hydrochlono  aeid  and 

potasaic  chlorate  on  guanine.     [Strecker,  Ann.  Ch.  Pharm.  cxriii.  161.) 

Oxaluric  acid  i«  a  white  ctystalline  powder,  which  has  a  very  add  taste,  and  reddrat 
litmus.     It  ncutruliscB  tdkulls  completely.     It  is  very  sparingly  soluble  in  cold 
its  aqoeoofl  solution  is  decomposed  by  boiling  into  oxalic  add  and  area: 

C'H*N--0*  +   H*0     =     C=H»0*  +   Cn*N«0. 

Oxaluric  acid  is  mooobasie.  The  omnumiHm-*al4,  C*H'(NH')NX>*,  forma  ntkj 
anhydrous  nefdles,  reiidily  soluble  in  hot  water  (Liebig  and  Wobl^r).  Tli» 
harinm-salt,  C*H*Ba'Ti^0'.2H'0.  is  obtained  by  precipitation  in  long  aAooHem  needln, 
often  intersecting  one  another.  It  gircs  off  its  watex  at  130° ;  the  enrstals  diasolv*'  ia 
633  pts.  water  at  9^  and  56  pla.  at  100°— The  caiciwH-aali,  C*H*Ca'N*0*.2n'n. 
obtained  in  like  manner,  erystdllises  in  roloorlees  needles,  soluble  in  483  pt&  water  tX 
15°,  and  in  20  pts.  boiling  water  (P.  Wnage,  Ann.  Ch.  Pharm.  exTiil  501).— The 
fUver-salt  is  obtained  by  adding  oxalnrate  of  ammonium  to  nitrate  of  silrrrr  aa  a  itaky 
predpitale  which  dissolvea  in  hot  water  and  separates  on  cooling  in  long  siU^ 
anhydrous  needles  (Liebig  and  Wohler).  The  soi/mm-sa/^  separates  as  a  cnrstalliae 
powder  on  mixing  a  dilute  lukewarm  solution  of  sodic  carbonate  with  a  solution  of 
alloxan  containing  a  little  prussic  add.  It  is  much  less  aoloble  in  water  than  iha 
potassium -salt.    (Waage.) 

Oxaluric  add  may  be  n-gordcd  as  an  vridie  aeid  analc^ns  to  the  amic  adds: 
OH^NK)*  =  oxalic  acid  +  urea  -  H»0.  just  as  oxamic  add,  C^I'•NC>•  =  oxalie 
add  -t-  ammonia  —  HK),    (Gerhardt  and  Laurent,  Ann,  Ch.  Phys.  [3]  xxir.  174.) 

F.  T.  a 

OXAXiVijvOMSTBTXiZOB.    Syn.  with  MKrirn--ETHTLic  Oxalate  (p.  271> 
OXA^SBTBAirB.     Syn.  with  Etuti.ic  OxAMaxB  (p.  280). 

OXAaSETHYliAin:,     Syn.  with  Methtlic  OxAitATX  (p.  2811 

IP 

(C=0')- 

H 

U.  93 — BacalogUo,  J.pr.Chrm.lxxxi.SGO.—Tousaaint,  Ann.  Ch.  Pharm,  cxx. 237.) 
—An  acid  produced  by  the  dehydration  of  ocid  oxalate  of  ammonium.  This  lait 
when  healed  in  an  oil-bath  to  about  230°,  gives  off  water,  carbonic  oxide,  and  carbonic 
anhydride,  then  carbonate  and  cyanide  of  ammonium,  and  if  the  distillation  has  net 
been  carried  too  far,  a  residue  is  left  consisting  almost  entirely  of  oxamide  and  oxamic 
add.     The  formation  of  the  latter  is  represented  by  the  equation  : 

C'H(KH*)0*     -    H»0     -     CH'XO". 
The  arid  residue  is  treated  with  cold  water;  the  filtered  solution  is  neutralised  with 
ammonia  and  precipitated  by  a  saturated  solution  of  a  barium-salt :  and  the  resulting 
crystalline  pn^pitats  of  oxamate  of  barinm  purified   by  solution  in  boiling  wse«f 


OXAMZC  Acn>.     CII^'O*     » 


•j^-  (B 
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OXAMIO  ETHEBS. 


Thty  ■>•  pndnoid  17  tlw  MtinB  cf  ^KJ  ■kuaonia  on  the  ooBveposdiag  uefala 
ethos. 

In  the  Utter  OM^  uonobMie  aeSd  «UMtB  see  product  wbicb,  if  od^mi 
hydrogan  if  nj^koti,  «•  mftimwto  vlth  thow  of  the  preeedin^  dais  t      * 
MUM  aleohomdioUiw     Thijf  tn  obteintd  by  deb^dmiiDCi  of  the  add  e 
coawrpoDdixkg  uoiam,    Thd  MXovlBg  hsve  bsea  ppep&ivd : 


JMqi-ODamio  add 


EtIiyL 


Mid 


Pheo^'lrOKUBio  add 


C*H*NO* 


CHTfO" 


CB^O*     - 


H     1^' 


mia  rspbeanent  of  both  l^dnfn-atoiDi  bekngmg  to    the  atamoDi^-trpif 
IDcowiM  yiold  monobode  aeidi:  noaoof  tbe8«  are  hovev^r  knf>ini  m  tiw  ftiii 
bat  the  ethjlie  othen  of  dimilhjl-  and  diethjl-coumic  mads  hmm  biS  1 
til.: 


SthjHe  Dimethyloamte 


Bthylic  DiediTloanmato 


C?^"KO« 


-     (C 


<?H>'NO* 


by  the  action  of  ammonia  in  the  gaaeoBB  Biate  or  in  alcoholic  tfttwrtim  1 
amjlieonkte: 

It  u  aolnble  in  aleobol,  whence  it  aepamtei  00   prsporatims  in  »^^' 
defined  crjntals.     It  ia  deoompoaed  fay  boiling  vater,  yielding  AiujLie  alMbI 


ozamicaad. 


1— a>« 


Bonlla^,  Ann.  C!h-  Phya.  [2]  xxxriLiO.— Dama^  lAiU  Irr^  24 1, — Li  «big.  i- 
Pharm.  ix.  129). — Prepared  by  paaaing  dry  anmooia  gas  thnmgh  drj  cchitki 
till  it  aolidiftea.  The  reaaltingmaaaia  waahed  withiQcohalpiuid  thoeciljanH'  ~ 
till  it  cryatalliaea. 

Oxamethaae  fwma  nnoboona  pearly  orstaU  beWngirtg  to   th»  tnncfi 
Dominant  fbnn.  Poo  .  od^Poo  .  oor  .  ooPi.    Batia  of  aJLes,  a  :  £  r  e  »  1 
0*715.     Ana^  foo    :    oDl>ao    «  126°  SS*;  wF  :  opJ^w     ^    IS2°4d';  «h : 
»  151<>  847     It  melto  at  110<*  and  distill  nt  220^.    Vapoiirwilriutty  \^$^  tw  i 
M  4*066.    It  diasolTea  verr  readily  in  eold  miUr  and  in  aicnJ^oL     JU  >**^^  I 
water  it  ia  conTerted  into  aicofaol  and  acid  oxolute  &f  ajuinoutiiai; 


C*H'KO"     +     2HK)      i.      C^(NH*)0* 
Ammonia  converta  it  into  alcohol  and  oxamide : 


CTtt*0, 


rJ 


According  to  Bnlard,  the  aqaeona  solntion  of  oxamethiinf  boH^  with  a  tmU 
of  ammonia,  yielda  ozaiaate  of  ammoninm.  Boiled  vLth  fjarvttt^mttr  a 
ammonia  and  forms  a  sparingly  aolnble  baiium-salt.  Poi^sh  und  *o4a  tiard« 
circnmatancefl  eliminate  ammonia  and  form  ^tbyl-oxshitM. 

0.  Ckloroxametkane,C*^H)l*VO'.  Ch/frro^rthamuie.  (Maliigatl  1» 
Phys.  IxziT.  304 ;  ilrid,  [3]  XT.  49).--PiodxK:ed  by  the  tctioQ  uf  dry  ammnaMr 
perchlorozalic  ether: 

PmAlonnsUe  ChloroKtnieilMaft.         Trlchior»r«c 

•tber.  mmtde. 

When  dr^  ammonxa-gaa  ia  passed  into  a  mbtiM«d  rrlort  <»nfaini]jc 
perchloroxaue  ether,  the  tempraatore  rises,  a  fioccul^'ut  ButmtxLticA  U  4<pai 
vidua  of  the  retort,  and  a  fetid  odour  is  eyoktd.    When  tlie  «cti9o  baa^ 
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v«*tort  U  fonnd  to  be  liocd  with  small  iridoscent  Ijuninsp.  The  whole  is  treated  with 
ether,  tbo  Bolution  filtered  from  sal-ammoQiac,  acdthe  cxystalu  which  furm  oc  craponi- 
tioD  are  pressed  between  paper  aad  purified  by  Bolutioa  in  hot  water,  treatment  with 
animal  ckarconl,  and  repeat«d  etystallisation. 

Chloroxamcthane  forma  whita  ctyatals  belonging  to  the  trimetric  ajstem.  and 
isomurphoua  with  uxamothanc.  Dominant  form,  !*«>  .  ocP|.  odI'oo.  Batiuofthefuira 
A:b:c  =»  0-924  :  1  :  0715.  Inclination  of  the  faces,  Pw  .  Poo  =  126°  Sa* :  oefj  : 
•1*00  «.  120*»;  <»P|  :  odJF'I  ^  120°.  It  ia  Hparingly  soluble  in  coW  water.  Tery 
soluble  iaboiUng  wator,  alcohol,  and  ether;  theaolutiuD  isuut  precipitated  by  nitrate  of 
ailver  or  by  soluble  colcium-s&Its.  It  has  a  saccharine  taetc,  with  bitter  afler-toste.  It 
melts  at  134°,  but  a  considerable  portion  sublimes  before  melting.  Boiling  point 
aboTe  200<». 

Boiled  for  some  time  with  potash,  it  ultimately  disappears,  gires  offa  large  qnantity 
of  ammonia,  and  yields  oxalate  and  chloride  of  potaasiom,  tt^etber  with  another 
ehloriniitod  snlt.  Aqnoous  ammonia  disAolreti  it  completely  in  a  few  daye,  producing 
ehiifrtthyloxalaU  oj  ammoniuin. 

lu  consequence  of  the  different  behaviour  of  oxamethune  and  chioroxa methane  with 
ammonia  and  potash,  Gerhurdt  and  Malaguti  suppose  that  they  belong  to  different  types, 

7.  Ethyloxamie  acid,  C^HTiO"  -  CC«0^)"Iq — Formed    in  small  qnantity, 

when  oxalate  of  ethylamine  mixed  with  excess  of  («alic  acid,  is  molt^^  for  some  time 
in  an  oil-bath  at  180°:  C»H(CTI»JS)0«  -  H«0  -  C*H'NO*.  (Wurlz,  Ann.  Ch. 
Phys.  [3]  XXX.  465.) 

9.  £<A^/fci>te^Ay/ofama^e^CV*NO'»(C"0*yl-?.— This  compound  iaproduced 

C*H*  )  " 
by  the  action  of  diethylamine  on  oxalic  ether  (ii.  555).      It  is  a  liquid  which  boils  at 
260°,  ia  revolved  by  boiling  with  alkalis  into  oxalic  uoid,  ulcohol,  and  diethylamine* 
and,  when  heuted  with  aleohuiic  ammonia,  ia  converted  into  a  substance  which  is  iso- 
meric with  di(»thyloxttmide,  C*H"iN»0»  (p.  284).     (Hofmann,  Compt.  rend.  lii.  902.) 

BSetbjrllo  Ozamatea.  a.  Oxamethy/ane^  C'H*NO*. — Prepared  by  saturating 
fused  methylic  oxalate  with  dry  ammonia  gas  till  the  whole  solidities  to  a  crystalline 
mass.  The  product  dissolved  in  boiling  alcohol  crpttallises  on  cooling  or  eraporHtioa 
in  cubic  crystals  having  a  nucrcoup  lustre.  When  boiled  with  water  to  which  a  few 
drops  of  ammonia  are  added  from  time  to  time  to  nentrdise  the  acid  which  is  produced, 
the  oxamethylane  ia  completely  converted  into  oiamate  of  nmmouium  and  methylic 
•IcohoL     (Dumas  and  Piligot,  Ann.  Ch.  Phys.  [3]  tviii.  60.) 

H.CH->  jj 

$.   Meihytoxamicacid,C*B.*ifiO''  =  (CO^J'^-q.— Produced, with eliminatiua of 

water,  by  heating  acid  oxalate  of  methylamine  to  about  160^  :  C»H(CH*N>0»  -  H=0 
«  CH'NO*.  Part  of  the  methyloxumic  acidremaitiB  in  the  residue,  while  another 
portion  volatilises,  and  sometimes  forms  a  cryiiTallino  strongly  acid  sublimate  on  the 
neck  of  the  retort.  A  considerable  portion  of  the  acid  oxalate  of  methylarainc  is, 
however,  converted  into  neotml  oxalate,  and  subsequently  into  iimpthyloxamide,  which 
also  crj'stAllisea  in  the  ne^k  of  the  nlort.  It  is  advisable,  theptvfope,  to  interrupt  the 
difitillution  af^cr  a  while,  and  odd  a  littlo  oxahc  acid  to  the  residue.  When  Lhe  decom- 
position is  supposed  to  be  complete,  Iwlh  the  distillate  and  the  rvsidue  are  to  be 
dissolved  in  hot  water,  the  solution  saturate  with  chalk,  and  filtered.  The  concentmted 
solution  depofiitfi,  on  cooling,  a  mixture  of  c^dcic  methyloxamate  and  dimethyloxamide, 
which  are  easily  separated  |jy  heat,  the  dimetbyloxrimide  then  volatilising,  while  the 
calcic  metiiyloxamAte  remains  unaltered;  it  may  be  purified  by  ctystallieiitioa  £rum 
hot  wat«r. 

Methyloxamic  acid  forms  a  crystulline  sublimate.  The  ealciufn-^t,  CH'Ca'^'C, 
Bepamtes  fW)m  its  hot  aqueous  solution  in  small  well-defined  crystals.  (Wnrtz,  Ann. 
Ch.  Phys.  [3]  xxx.  465.) 

CH'  )  , 

rorpcApondJng  diethyloxiunate,  by  the  action  of  dimethylamine  on  oxidic  ether.  It  ia  a 
liquid  boiling  between  260°  and  260°  and  resolyed  by  diHtallation  with  potash  into 
alcohol,  dtmcthylamine,  and  oxalate  of  potassium,    (Hofmann,  iii.  01)8.) 

Vtaearlosamlo   or   OzaoUlo  Add,  O'U'KO*   «   (C^i)'Ao   (Laarcnt    and 

H      ) 


7.  Eik^iio   DimetkyloxamaU,  C*H"NO' 


-Produced,  like  the 


1 

&•  unsak 
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Liebig  (Ann.  Ch.  Phflrm.  cxiiu  146)  bus  ahown  tbil  an  aqueotu  solution  of 
0(*rhardt,  Ann.  Ch.  Fhja.  [3]  xxiv.  106). — To  prepare  thid oomponzul, amliiM 
vith  s  verv  laiige  excess  of  oxalic  acid  is  fused  for  ten  miDuteci  «t  a  high  tempcf^oit; 
the  coolnf  masa  boiled  with  w»ter;  and  the  solution  filt^Kd  from  the  ozaailide; 
whereupon  it  yields,  od  oooliog,  crysUils  of  acid  ouinilaU ofaoiliue,  whOaHa  portmtf 
thn  ialt,  together  with  a  imuLI  quaiiiity  of  formunilida  and  a  Urge  quanlitj  of  «aaljB 
arid,  remains  in  the  mother-liquor,  from  which,  by  precipitation  at  a  boiliag  heal  with 
chloride  of  calcium,  filteriog  while  hot  from  the  oxalat«  of  calcium,  and  eoolia^as 
addiliooal  crop  of  crystals  of  calcic  oxHuiUttt  may  Itv  uhtaiued.     The  aboT^-msffiripoal 
brown  crystals,  which  cannot  be  deculuriscd  by  recryHtallisatioa,  aro  coDTevWd*  tithm 
by  boiling  with  baryta-WBter,  or  by  solution  id  ammooJiand  precipitation  vilh  dOondt 
of  barium,  into  osaniUtd  of  bahmn,  which  muBt  be  washed  with  cold  water,  and  dftam 
posed  by  boiling  with  an  oqmrulent  quantity  of  sulphuric  add  (an  exceaa   <1i  n  miBtiiii 
the  oxanilie  acid),  afi^r  which  the  filtrate  depouta  the  oxanilic  a^'id  in  crjatals  by 
«Tsporatioo — or  they  may  be  converted  into  the  calcium-salt  by  aolntion  is  amn 
and  precipitation  with  chloride  of  caldom,  and  that  salt  deoompoaad  by  aulpharie 
mixed  with  alcohol. 

Phenvloxamic  sdd  forms  beautiful  lamioe,  whidi  redd<«n  litmus  strongly,  diMolT* 
Bpanngfy  in  cold,  abundantly  in  hot  valtr,  easily  in  alcohol.  When  heated,  it  pres 
off  carbonic  oxide,  carbonic  anhydride  and  water,  and  is  coo  verted  into  pure  oxnilids; 

2CHTI0"       -       C»H'«NK>»     +     CO     +     C0»     +      H«0, 

By  boiling  with  dilate  kydroehioric  or  tujphuric  acid,  it  is  rteoWed  into  hydroeUoa&s 
or  sulphate  of  aniline,  and  £ree  oxalic  acid.  With  a  boiling  eonocstrated  aolatioo  gf 
pot(ui  it  gives  off  aniline. 

The  pheaylozamntes  or  ozaoilstee,  whi^  are  ieomerie  with  the  iastato, 
give  off  the  whole  of  their  aniline  when  heated  with  hydrate  of  potassinm,  and  a  poctioa 
when  boiled  with  potash-ley  or  strong  acetic  acid. 

JmtHontumstUtti.—The  n/rutral  talt.  C*fl*(NH*)NO*,  forms  beautiful  laminiev  whidi 
disisolve  sparingly  in  cold,  very  easily  in  boiling  water,  and  in  alcohol — The  9eii 
•alU  C*H\NH*)NO*.C*H'NO',  obUtinedby  precipitating  the  solution  of  the  neotial^ 
with  hydrochloric  acid,  and  leaving  the  preapitatetoctyrtaUise,  forms  acaiee,  epariagily 
soluble  in  cold  water.  Both  salts  begin  to  decompuse  at  ISO'*,  giro  off*  »mm<>niav  Hid 
afterwurda  carbonic  oxide  and  carbonic  anhydride,  together  with  a  small  qimntity«f 
aniline,  and  leave  oxanilide, 

Barium-«aH. — The  white  crystalline  precipitate,  which  the  amnion iam-aalt  fonss 
with  chloride  of  barium,  crystallises  from  the  nulution  in  Iniling  water,  id  apecdsr 
rhombic  scales,  which  contain  29-16  per  cent,  barium,  and  are  therefom  C'*H*'BaTJW. 

CaUiuin-saU. — Obtained  in  a  simiUir  nmnner  with  rhlonde  of  calcium.  Tufts  ti 
needles  coutaining  10  8  per  Cfnt.  caldum,  therffore  CH'^CVN'O*. 

Hiher-sa/t. — OUained  in  like  manner  with  nitrat4>  of  silver.  White  tabolor  errstab 
which  are  nearly  insoluble  in  cold,  but  diuolve  readily  in  hot  water.  They  e«intaia 
39-8  per  cent  silver:  therefore  C'H'AgNO'. 

KTTR&KOPiiaMTLOXAMia  AoiD.     See  Nrr&axopHKXTLAiuKx,  under  Pkevwu^ 

MINBS. 

OXAMXSE.     C»H*Pr'0»  =   ^^,'^|n»    (Gm.  ii.  262;    Gerh.  i  275).— Thb 

compound  wa!«  first  obtainfMl  by  Bauhof  in  1817,  on  mixing  oxalic etberwith  aqmeoea 
ammonia,  but  it  was  regarded  as  a  compound  of  oxalic  ether  and  ammonia,  til]Liebi|L 
in  1834,  showed  it  to  be  identical  with  the  oxamide  which  Dumas  had  obtained  n 
1830  by  the  action  of  heat  on  ueutral  oxalati*  of  ammnninm  (p.  262). 

When  ncutml  oxoluteof  ammonium  is  subjected  to  dry  distillation,  till  the  ivaidoe 
disappears,  oxamide  is  obtained,  nartly  sublimed  in  the  neck  of  the  retort  togethw 
with  carbonate  of  smmonium.  pirtly  floating  in  flakes  on  the  watery  distillate.  Ths 
whole  is  suMpeudt'd  in  water,  and  the  oxamidi^,  araountioir  to  4  or  6  per  oent.  of  the 
ammonium  salt,  is  collected  in  a  filter  and  washed  with  water  (Dumas).  In  this 
process,  however,  n  considerable  quantity  of  the  oxamide  is  <lecompoeed  by  the  bari. 
Hence  it  is  more  advantageous  to  prepsre  it  by  the  action  of  ammonia  on  oxalic  ether 
(p.  269).  For  this  purpose  aqueous  ammonia  is  mixed  with  oxalic  ether,  either  pw* 
or  dissolved  in  alcohol,  and  the  predpitaied  oxamide  is  washed  with  water  and  alcohol 
(Bauhof  and  Liebig).  Or  the  distillate  obtained  fmm  1  pt.  of  salt  of  aorrcl,  1  pt. 
aloobol,  and  2  pts.  oil  of  vitriol,  may  be  immediately  shaken  up  with  aqneona  ammonia. 
The  dear  mixture  becomes  heated  and  deposits  oxamide,  which  must  bo  washed  Gret 
with  water  and  then  with  alcohol.     (Liebig.) 

Oxamide  is  also  formed  from  cyanogen  and  cyanides.  Playfair  found  it  ainongst 
the  products  of  the  action  of  nitric  acid  on  ferrocyanide  of  polasfiinm   (ii.  Sdl). 


OXAMIDE. 
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mixed  with  aldehyde  gradoally  depoeiU  ciystaUof  ouunide,  the  whole  of  the  cjranogen 
being  thereby  convorted  into  omanude,  while  the  aldehyde  appetin  to  ondergo  oo 
alteration,  u  the  Bolutioa,  if  agwn  eatumtod  with  eyaiiog<?D,  yields  an  additional 
quantity  of  oxamide.  An  aqueous  solntion  of  hydrocyanic  ticid,  mixfd  with  peroxide 
of  hydm^D,  gradually  yields  a  cryhtaliine  deposit  of  oxamide:  2CNU  +  H'O'  «■ 
CU'N^O*.  Uxamide  ia  also  formed  when  a  mixtore  of  potjuufium -cyanide  and 
manganic  peroxide  is  heated  with  a  small  quantity  of  ouiphuric  acid.  (Attfield,  Chem. 
Soc  J.  XTi.  84.) 

A  small  quantity  of  oxamidr  appeara  to  be  sometimos  formed  by  the  action  of  nitric 
acid  upon  acetone.    (Kictie,  Juhresb.  I8d9,  p.  S40.) 

Prvpertifji. — Oxamide  is  a  light  white  powdpr,  tasteless,  odonrlMS,  and  insoluble  in 
cold  water.  Boiling  wat^  dissolres  it  in  email  quantity,  and  dcpoitits  it  on  cooling  in 
crystalline  flocks.  The  solutiuu  is  neutral  to  test-papere,  and  uoea  not  precipitate 
calrium  salts.     Oxamide  is  inMiIuhlo  in  alcohol, 

])ecompohitu)ns. — 1.  Oxamido  heutf-din  ua  opon  tube  volatilises  andformaaconfasedly 
crystalline  eublimate  ;  heated  iu  a  ruturt  it  decornjKf.ses  partially,  leaving  a  rtjiidue  of 
cbarcoaL  The  raponr  parsed  through  a  red-hot  glass  tube  2  feet  long,  is  completely 
reaulred,  without  depoaitton  of  carbon,  into  carbonic  oxide,  carbonate  of  ammonium, 
l^dro^anic  add,  and  xirea  (Liebig) : 


Oxuntde. 


CO  +   C0»  +   NH»  +   CNH   + 


CH<N«0. 

Urra. 


Cut  when  hermetically  aealed  in  a  metal  tube  (which  conducts  the  heat  well)  and 
heated  for  oomu  minutes  to  310°,  it  is  partially  decomposed,  yielding  cyanogen,  carbonic 
anhydride,  and  ammonia  (Halaguti).  The  first  produt'ts  are  probably  cyanogen 
and  water: 

C-H*N«0»     .     2CN   +    2E»0; 

but  the  water,  acting  at  200°  on  another  portion  of  the  oxamide,  forma  e(xalat«  of 
ammonium : 

0«H*N'0»  +   2E'0     «     C«(NH«)'0<; 

■nd  the  oxalate  of  ammonium  is  resolved  at  220'^  into  ammonia,  carbonic  anhydride, 
and  carbonic  oxide.  Similarly,  a  mixture  of  oxumide  and  sand,  heated  in  a  retort  to 
300*^ — 330^^,  yielos  nothing  but  cyanogen,  carbonic  oxide,  and  carbonate  of  amrooninm. 
(MalagutL) 

2.  Heated  with  phosphoric  anhydride^  it  yields  a  large  quantity  of  cyanogen, 
together  with  carbonic  anhydride  and  carbonic  oxide.  (Bertagnini,  Ana  Cb.  Fharm. 
civ.  176.) 

8.  Oxamide,  kept  ia  contact  for  some  time  with  saturated  chlorinr-tpater,  disappean 
completely,  furraing  hydrochloric  acid,  oxalic  acid,  and  probably  also  chloride  of 
nilrogcn,  which  then  nndei^goes  further  decomposition,  but  without  formation  of  sal- 
ummoniac     (Malagnti.) 

4.  Oxumide,  boiled  with  a  fourfold  quantity  of  nitric  add,  of  specific  gravity  1*35, 
is  resolvf^  into  a  mixture  of  1  toL  nitrogen,  1  toL  nitroos  oxide,  and  2  vol.  carbonic 
anhydride  (Malaguti) : 


C'H'NHD*  +    2HX0» 


N'  +   N»0   +   2C0*  +   3H»0. 


According  to  BauhoC  nitric  acid,  even  when  hot,  has  no  action  upon  oxamide;  accord- 
ing to  0.  Henry  and  Plisaon,  strong  nitric  acid  forma  with  it  ammonia  and  carbonio 
anhydride. 

5.  With  strong  svJphurtc  acid,  but  only  when  heatfwl,  oxamide  fiirma  carbonic 
oxide  atid  carbonic  auKydrido  in  equal  volumea^  ammonia  rt-maining  behind  in  com- 
tination  with  the  sulphuric  acid,  which  remains  colourless  (Dumas,  Liebig); 

C»H*N»0*  +  H=0     =     CO  +   CO*  +   2NH». 

6.  AUtheBtFongeracidsinthediluteatatedecomposo  oxamtde.yieldinganammomnm- 
salt  and  free  oxalic  acid.     (0.  Henry  and  Pliasoo.) 

C'H*N-0=   +   JFSO'   +   H'O     =     (NU*)»SO«   +   CHK)*. 

Such  is  the  action  exerted  by  sulphuric,  hydrochloric,  nitric,  and  tartaric  acid,  aa  well 
as  by  oxalic  acid  itself;  but  not  by  acetic  acid,  which  indei'd,  when  boiled  with 
oxamide,  goes  oS  in  vapour  without  exerting  any  action.     (0.  Henry  and  Plissun.) 

7.  Oxamide  ia  not  altered  by  fourteen  days'  contact  with  cold  woter,  or  by  boiling 
with  water;  but  whfn  heated  with  water  to  224°  under  increased  pressure,  it  yields  a 
liquid,  which  is  acid  after  evaporation,  girm  off*  ammonia  with  hydrated  oxide  of 
lead,  and  yi^Hsan  abundant  precipitate  with  calciam-fcidts.   (O.  Henry  and  Plisscn  ) 
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8.  Oxamide,  heat«d  with  aqueous  alkaiis,  a  reeolred  into  aUalina  osalale  oAj 
BmmoniAy  which  TolatiliBefl,  without  any  tmce  of  alcohol  (Dtiraaa): 

Cai*NK)>  +   2K1I0     -     CK«0*   +   2NH«, 
AqueouB  ammonia  decomposefl  oxamide,  btpd  at  ordinary  tempermtnrefl^  gndaallrl 
diaaolTiDg  it   in   the   name    manner    (O.    Henry    and    Pliaion).     By   oootunril 
boiling  with  aqu«ouB  aminoniu,  oxamide  ia  converted  into  oxaxnic  acid  (ToussaiDt, 
p.  270).     Boiling  carbonate  of  yotaamum^  aocordiug  to  Bauhof,  haa  no  actioa  ujno 
oxamide. 

The  boiling  nqueona  solution  of  oxamide  doM  not  precipitate  nitrate  or  aetUU  < 
Uad  i  but  on  the  addition  of  a  small  quantity  of  ammonia,  and  applicatioD  of  beat,  1 
throwa  down  basic  oxalate  of  lead;  the  derom position  of  oxamiae    into  oxaUe  •cb4I 
and  ammonia  takes  place  much  more  quickly  under  these  circtunstaueeic  than  biuUfI 
tlie  infiaonct!  of  acids  or  alkalis  alone,  being  aseisted  probably  bj  the  tnaotability  of  thcf 
lead-salt,     (Peluuze.) 

9.  On  ^ntl^  heating  oxamide  in  contact  with  potajmutHf  cyanide  of  poCoamuB  m  ] 
formed  with  Tirid  defloration  (Liebig) — probably  thus: 

C«H<N»0'   +   K*     -     2CKK   +    SKHO    +   H». 

10.  When  oxamide  ia  boiled  with   water,  and  mercuric  ojide  ia  gradaaJIy  added,  a  ^ 
compound  of  the  bodies  containing  2CH*N'O'.Hg''0  separut^^  aa  a  white  powdrr 
(Dessaignes).     But  dry  oxamide  healed  with  mercuric  oxide,  i»  oxidised,  yielding 
urea  and  carbonic  anhydride  ('Williamson): 

CH'N'O"  +   Hg^O     «     CH*NK»  +   CO*  +   Kg, 

Oxamid<»  containing  Alcohol-radidu, 
(CK)')") 
SImetnyloscunlde.    C*H*NO*    =  (CH')'  >N»  (Wurla,  Anii.Ch.  Phyt  [3J  xxi. 

464). — Neutrul  oxalate  of  mcthylamine  ia  resolved  by  dry  diatillaiion  iota  vmtar  and 
dimetbyloxamide : 

C«(CH«N)'0«      -      C'H'JTO*     +     2H»0. 

The  transformation  ifi  mncb  more  complete  than  that  of  oxalate  of  ftmmoniain  int4>  m- 
Hmide,  because  dimvthyloxamide  ie  much  more  volatile  than  oxamide.  The  dim«-thyl- 
oxamide  collecta  in  the  ncok  of  the  retort  in  the  form  of  long  delicate  neediea  iulcr- 
lacing  each  other  in  all  directions. 

The  compound  is  alao  produced  by  the  action  of  a  solution  of  methyl aro ids  «i 
oxalic  ether,  the  products  being  alcohol  and  dimetliyloxamido: 

C=(  C»H*)«0<     +     2CH»X      -       2C»H'0     +     C*H^«0«. 

This  iatliii  better  mode  of  preparation.  Tlie  reac'tinn  takes  place  immodintely,  with  ero- 
lutinn  of  beat,  the  product  Iteing  a  white  magma  compoHed  of  delicate  nefHlleci;  rhrte 
dissolve  readily  in  hot  water,  and,  as  the  solution  cools,  the  dimethytoxamide  crystal- 
lises in  the  form  of  long  interlaced  nee<lles.  It  dissuWes  in  alcohol  Iohs  readily  than 
in  water.  The  fixed  aUcalis  decompose  it  easily,  with  evolution  of  methylaiaina  aad 
formation  of  an  alkaline  oxalate : 

C*H«N»0«     +     2KH0       -       C»K»0*     +     20H*K. 
It  is  carltonised  by  phosphoric  anhydride. 

(COT) 

Sletbyloaamlde.    OH'*N«0«     »     (C»H»)«yN*   (Wnrti,  Ann.   Ch.  Phya  [»] 

B«    \ 
XXX.    490). — Obtftined  by  ropthods  precisely  Himilar  to  those  which  yield  dimetbyl- 
oxamide ;    the  reaction  of  ethylamine  on  oxalic  ether  affords  the  best  mode  of  pR- 
panition. 

DiefhyUixamide  is  more  soluble  in  alcohol  and  water  than  oxamtde.  From  the 
nU*oho1ic  solution  it  crystallises  in  beautiful  needles.  It  is  volatile,  and  coodaisiv  on 
The  surface  of  cold  bodies  in  woolly  cryEttals.  Potabh  decomposes  it,  forming  etl^t- 
iimtnc  und  oxalate  of  potnasinm : 

C«H'*N'0«     +     2KH0     -     C^KM     +     2C»flTf. 

Phosphoric  anhydride  carbonipcs  it. 

Hofmann,  by  acting  on  ethyliL'  diethyloxatnate  (p.  281)  with  ammonia,  obtained  a 
compound  metameric  with  that  just  diwcribed,  but  differing  from  it  in  the  mode  td  its 
decomposition  by  alkalis,  yielding,  not  2  at.  mcthylamine,  but  1  at.  diethyl.tmine  and 
1  at.  ammonia.  It  may,  in  fact,  he  regarded  as  ronfrittiing  of  a  molecule  of  dielhylamine 
and  a  molecule  of  nmmoniu,  bound  together  by  the  diatomic  radicle  oxalyl: 


^  U»    }N 


OXAMIUK. 


+     2KH0      «     C»K»0«     +     C^H^'N     +     H»N. 


fSS 


f 


Wort  c'b  diethvloxamide,  on  tbo  other  hftzid,  coDButa  of  2  at.  etbylatnine  bound  to- 
gether in  a  eimiuir  nuunef. 

(CO*)") 
Blamyioxamlde.    C'»H"N=0«    -  (OH-'y"  VN«  CWnrta,  he,  rt/.).— Obtained 

H'     ) 
by  heating  ethylic  oscalate  with  amjlamine.    It  solidiflf^  to  a  mass  of  mVkj  Beedl««| 
meltioe  at  139°,  and  perfectly  vobiule.     It  is  insoluble  in  vater,  but  dissolrea  in  hot 
alcohol,  from  which  it  aepanite«  almost  wholly  od  CK>oIing. 

WapntZijl-oxaiiildea.    a.  DiNArnTHYX-oxuuDB.     Oxanaphthalide,    C'H^NKJ* 

«      (CVr-^S-N'    (Zinin,  Ana.  Ch.    Phann.    cviii.    22).— Produced,  together   with 

H«  \ 
naphthyl-fonnftmid?,  by  thft  action  of  hr»al  on  n«'utml  or  acid  oxaUte  of  naphthylainin*-. 
(Korthf  mndeof  formntionand  preparation,  eenpii.  681.)  It  formic  small  soulefi  iuHnluMH 
in  water,  flpann^Iy  eoluble  in  boiling  Klcohol,  melting  at  about  200*^.  Wbea  hiuUf-d 
above  iui  melting  pointy  it  is  gradually  di'tomposei), giving  off  carbonic  oxidr  and  Ictiving 
dinaphthylcarbfuxude.  When  boiled  with  alcohulk  poiatM,  or  heated  with  very 
slrong  aqueous  ^ta*h^  it.  is  resolved  intu  naphthyLunine  and  oxalic  acid. 

(C«HMM 


p.  Ctako-dimjlfhtetloxamiob.     Menaphthoximidf.    C''n'*N'0' 


CN 

H 


(Perkin,  Chem.  Soc.  Qn.  J,  ii.  8).  This  compound,  which  has  the  oompnuitiun  of 
Boidoxalfttfl  of  menaphthyluroine  mtflfw  2  ttt  water  (C^'H"N».C«H»0*  -  2H'0  « 
C**II'*N"0').  is  dcpoHited  frum  an  alouhulic  solution  of  dieyanide  of  menaphthylamine 
(p.  2i)  mixed  with  hydrocliloric  acid  and  left  at  rest,  in  small  yellow  spnnglcs 
insoluble  in  waUr,  very  sJightly  solnblp  in  alcofud  and  rthtr.  It  melts  at  245^, 
and  decomposes  at  260^^,  cmittiog  white  vapoun  probably  containing  i^^unate  of 
naphthyl  By  aqueous  poCaah  and  by  acid^,  it  is  resolved  into  oxalic  acid  and  menaph- 
thylamine. 

OxjUfTLAsnDE,    C»H»rrO« 
Thifl  body  ia 


a.    MoNOPHKifTLOXAvniB    or 


VhenyloKamldaa. 

=       C«H*   iN'tA-  W.  Hofmann,  Aoe,  Ck  Phann.  Ixxiii.  181). 

found  among  the  prodncts  of  the  decompoBition  of  cyaniline  by  hydrochloric  acid.  To 
prepare  it^  a  solution  of  cyaniline  in  dilute  hydrochluric  acid  is  evaporated;  the  white 
crystalline  luaRS  is  freed firomsaU ammoniac  Had  hydrochlomte  of  aniline  hy  digestion  in 
cold  water;  tho  re«rdue  well  lioiled  with  water;  the  Holution  pvuponit*^!  to  dryness 
after  being  filtered  from  diphmyloxamide  *,  and  the  residue  exhausted  by  boiling  with 
alcohol.  The  alcoholic  solution,  when  cooled  or  evaporated,  deposits  the  monophenyl- 
oxamide,  which  may  be  purififKl  by  recrystalli nation  from  hot  water.  The  compound 
is  not  obtained  by  treating  oxu.methane  with  aniline. 

Pbenyloxamide   forms  snow-white,  silky,   capillary  flakes,  which  sublime^  in   the 
fcrm  of  a  soft  powder.    It  is  soluble  in  alcohol  and  tther^  and  crystallises  from  boiling 

VfOtrr. 

Strong  sufphuric  add  eliminates  carbonic  oxide  and  carbonic  acid  from  it,  and  learea 
cttlpbate  of  amrooniam  together  with  sulphanilic  add: 


2C"H"N^0"  +   3H^SO* 


2C0    +    2C0>  +   (CT<H')»S^O*   +   (NH*)'SO«. 


The  originally  transparent  solution  in  strong  pctash-Uy,  from  which  acids  throw 
doDfn  the  ph^nyloxamide  unaltered,  becomes  gradually  clouded  with  drops  of  aniline, 
the  more  qnickly  as  it  is  itrunger  and  wa^er,  then  gives  off  ammonia,  and  forms 
oxalftte  of  potassium : 

OH«N'0'     +     2ZH0      -=      C*n^     +     NH»     +     C«K»0«. 


fi.  DirUXNTLOXAiJIDB  Or  OxAmriDK,  C'<H"*N'0* 


(OH 


*H*)7N»(G 

H»   y 


erhardt,  Ann. 


Ch.  Phys.  [3]  xiv.  120;  xt.  88;— J.  Pharm.  [3]  ix.  406  ;— Hofmann,  Ann.  Ch. 
Pharm.  Ixv.  6fi  ;  Ixxiii.  181 ;  Ixxiv.  3A). — This  compound  i«  formed  :  1.  Together  with 
pheoyl-formamide  by  beating  oxalate  of  aniline  to  between  160°  and  160^: 
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OtAJAle  of  iinlliiia, 


IM  pbniyloxaiDlde. 


C^H'N 


co» 


IPO. 


(C•H^V)'C»H'0•       -       CTH'NO 

Phenj-lforiD- 
«mlde. 

The  application  of  hwt  murtb?  continuwl  till  the  eTolution  of  g»«  e«a»*«,  ind  i 
Aolidified  iniiM  cxhaastcd  with  almliol,  which  diasolres  the  pbenjlformaxnide.  i 
leaves  the  diphenyloxamiJe.     (Gerhnrdt.) 

2.  Together  with  oxamide  and  monophenvloxanude,  id  th«  deoompoaitioD  of  ejui-J 
lin*  by  dilute  hydrochloric  or  sulphuric  aoid : 

4C'*n"N*     +     BWO     +     SBCi     =     4NH*a     +     •IC^'WCI      +      C»H«25X)" 
CjranlUu.  Ujdrochlorst*  OsuaJtfa. 


Pb«Dflox*inUl«. 


c"ir*N»o" 

DipbOTiTU 
oxvnUU. 


The  tolotion  of  cyaniline  in  «xce«8  of  dilute  hydrochloric  acid  is  evaporatod  oxer  iht 
wntf-r-hath ;  the  dry  fMndu^  treats  with  cold  water  to  nMnove  ttal-ammoniac  and  hydRv> 
chlorate  of  anilino,  then  with  boiling  water,  to  disaolve  oxamide  and  nionophenylaxanude^; 
and  the  diphenyloxamide  which  remainfl  undissolved  is  purified  by  solution  ia  bezueae, 
filtralioo,  and  evaporation,  and  by  washinp  the  oyBtala  with  alcoboL     (Hof  mauQ.) 

Properties. — DiphenyloxHinide  CTystallifies  in  white  oacreooa  scales,  which  melt  at 
245^,  and  solidify  in  a  radiating  nia^s  on  cooling.  It  boils  at  320^,  giving  off  s  sharp 
vapour  like  that  of  benzoic  acid,  and  di»tillin^  for  the  most  part  without  decompoatioQ, 
ATid  sublimes  at  a  gontle  heat  in  irideKcent  larninae.  It  does  not  diMotwe  in  wateror  in 
dilut«  sulphuric  acid,  even  at  the  boiling  heat,  but  dissolrcs  in  slightly  heated  strong 
suiphurie  acid ;  and  is  precipitated  thcrpfrom  without  alteration  by  water.  Ic  is  id- 
soluble  in  cold,  sparingly  soluble  in  boiling  akokui^  more  soluble  in  htrutent^  inaolable 
in  fthfr. 

Drcompositums. — 1.  Diphenyloxamide  subjected  to  rapid  ditWlatum  yields  a  small 
quantity  of  oil  containing  a  trace  of  anilocyanic  acid,  which  fi;ives  it  a  powerfal  odour. 
— 2.  £ronun«  acts  Tiolently  upon  diphenyloxamide,  giring  off  hydrobromic  acid,  slid 
forming  a  substuice  which  dissolves  in  ether  and  crj'stallises  therefrom  (Gerhardl). 
— 3.  Hot  nitric  and  gives  off  red  vapours  (Gerhardt).  Aqueous  chromic  acid  ittd 
other  dilute  acids  do  not  act  upon  it,  even  when  healed. — Toe  solution  of  diphenyl- 
oxamide in  warm  oil  of  vitriol  rffervtmccs  when  strongly  heated,  giving  off  carbonic 
oxide  and  carbonic  anhydride  in  equal  volumes;  it  then  turns  slightly  brown,  nod.  fltt 
the  addition  of  a  small  quantity  of  water,  deposits  a  lai^  quantity  of  anilosalphorii 
acid  in  the  form  of  a  white  crystalline  powder  (Qerbardt)  : 

CUH"N»0»     +     2H>S0*      -      (C«H'N)'S«0«     +     CO     +     C0»    +     H»0. 

6.  Diphenyloxamide  distilUd  with  phosphoric  anhydride  or  chloride  of  einc.  gives  off 
carbonic  oxide  and  carbonic  anlivdride,  and  is  almost  completely  carbonised  ;  never- 
theless, especially  with  phosphoric  anhydridf-,  the  oil  which  smells  of  anilocyanic  acid 

Saases  over,  topfther  with  sublimefldiphcnylrarbnmide,  in  larger  qosnlity  than  when  the 
iphenyloxamidc  is  distilled  Blone(H of  mann). — fi.  Vnpourof  diphpnylox&midopasMd 
over  red-hot  lime  virlds  a  botly  which  may  be  regardea  as  C'*H"N'  (Hofmann). — 

7,  Diphenyloxamide  heated  with  dry  lime  ^ves  off  aniline,  and  beoom«a  partially  car- 
bonised, and  flomeiimes  IxMted  lo  rpdnoss  (Gerhardt).  Anhydroos  &irv'a  eliminat«« 
scarcely  anything  butaniline  (Hofmann).  Diphenyloxamide  heated  with potagh^imr, 
hydrate  of  potMsium^  or  concentrated  fnot  with  dilute)  potask-lry,  ia  resolved  into  a 
distillate  of  anilins  and  a  residue  of  oxalate  of  potassium.     (Gerhardt) 

>.  CyAjfo-DiPHEinrLOXAMinB    or    Milajioxiiiidb,    C**H"N'0*     «     *■  ^^J  \  N* 

H     ) 

(Hofmann,  Chem.  Soc  Qu.  J.  ii.  307).^This  ooroponnd,  which  has  the  compositioo 
of  oxalate  of  melHailine  mi'nta  2  at.  water,  is  formed  in  the  decomposition  of  digra—- 
melaniline  by  acids : 

C"H'"N»     +     2Ha     +      2H'0       -       C'*H"N"0«     +      2NH*CL 

To  prepare  it,  dicyanomelaniline  Ss  disralred  in  modrralely  strong  hydrochloric  add. 
and  the  gradually  precipitated  crj'MHlline  powder  (or  slowly  crygtallisine  rrsin)  washed 
with  wstJT.  It  is  a  palp  yellow  indistinctly  crystalline  powder.  insnluMe  in  water  and 
in  aqu4-ouH  acids,  sparingly  soluble  in  boiling  alcohol,  whence  it  crystallises  in  crustn 
In  aqueous  ammonia  or  potash  it  dissolves  at  first  without  decomposition,  and  may  be 
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piTcipitated  from  Uie  solution  by  acidii;  afterwards  decoiDpodticm  Ukra  place.  Its 
Bi4ution  iu  weak  alcohol  forma,  with  nitrute  of  Wcvr,  espcciallj  on  addition  of  a  nnaU 
quantity  of  aminoniK,  m  light  yellow  amorphoos  precipitate,  oontaicing  from  2bA  to 
28-57  and  30*6  per  cent,  of  silver. 

Oecompoaitions. — 1.  Helnnozimide  mrlts  when  heated,  giving  off  a  large  qoastity  of 
carbonic  oxide,  together  with  a  small  quantitv  oi  carbonic  unlj^dride  (probablr  result- 
ing from  a  8«ondary  deci-vrnpoiitionX  and  with  the  strong-smclling  vapour  of  nnflocyaaic 
iK'id,  at>uut  10  percent  of  whioh  condenses  in  the  form  of  a  yellowish  Itqnid;  at  a 
btrou^r  beat*  ifu'  nietanoxiiiiide  ultimately  yields  diphenylc&rbamide  Rublimtnl  in 
radiating  cryHtiib,  and  leni-ea  a  i>ale  yellow  transparent  mass  of  resin. — 2.  Melanoximide 
is  bnt  slightly  decomposed  by  ailut«  »uipkurie  or  hydrochloric  acid  ;  bat  when  dissolved 
in  alcohol  and  l>oiled  with  cuncentrtttrd  hydrochloric  acid,  it  is  resolved  into  oxalic  acid, 
melaniline,  and  needles  notyoc  fully  examined,  the  solution  at  the  same  time  acquir- 
ing a  dt>«p  yellow  colour,  and  emitting  a  powerful  odour  of  anilocyanic  ucid. — 3.  lis 
alcoholic  tiolution  rolidifiesin  contact  with  ammimta  or  potash,  either  of  which  takes  up 
a  large  quantity  of  oxalic  ucid,  fornung  crystals  of  ra^niline;  and  u  similar  dtYom- 
position  takes  place  gradually  in  its  solution  in  aquraus  ammonia  or  potash,  especially 
when  concentratpd. 


OXA3rAraTBA&ZD&    Syn.  with  DncAPHTBYi^XAMiDB  (p.  286), 

OXiUrziiAJMlBE,     Syn.  with  Phjehtloxamicb  (p.  286). 

OXASriXiZC  ikCZ9.     Syn.  with  Phkktloxakic  Acid  (p.  281), 

OXASrSI-ZlkE.     Syn.  with  DtvussTT-nxAMTna  (p.  285). 

OXAJffZI.arS.  C-H'NO  (R.  Schmidt,  Chem.  Soc.  J.  xvii.  194).— A  bnse 
pTbdueod,  tugether  with  other  bodies,  by  the  action  of  heat  on  amido-salicylic  acid: 

C'H'NO'      ==      CH'NO     +     CO". 

To  obtain  it^  ami  do-salicylic  acid  is  heated  with  pumice-stone,  and  the  resulting  sub- 
limate is  treated  with  alcohol  slightJy  acidulated  with  acetic  acid;  oxuniliue  th)-n 
remains  in  the  form  of  a  whtt<e  ini>dorou.H  ma^s.  It  dissolves  iu  hot  water  and  hot 
alcohol,  and  sppnmte^ou  cooling  in  slightly  oulonred  cn'sFalH. 

The  aqueuua  solution  turns  brown  in  the  air,  and  deposits  a  brown  amorphous 
mibstance.  It  easily  reduces  the  solutions  of  tbe  noble  njptah,  acquiring  at  the  same 
time  a  splendid  violet  culnur,  which  is  also  impnrted  to  it  by  nitric  acid.  When  mixed 
with  an  uUcolino  liquid,  it  acquires  a  deep  indigo-blue  oulour,  which  disappears  on 
addition  of  an  ncid. 

Oxaniline  unites  readily  with  hydrochloric,  hj'drobromic.  hydriodic,  sulphuric  arid, 
&C.,  forming  soluble  erystaUiauble  salts.  The  solutions  decompose  in  contact  with  the 
air,  if  they  are  prrfectly  nriilral,  but  are  uTable  when  acid. 

OZAXTTHRACEIVS.     See  PAJU)(APHTHAI.KXE. 

OXATOIiTI.ZG  ACZD.  C"H*'OV  (Moller  nnd  Strecker,  Ann.  Ch.  Pharm. 
cxiii.  66.) — An  acid  pru-iueed,  together  with  methylic  alcohol,  by  boiling  vulpic  acid 
jrith  potash-ley  of  bjwcific  gmvity  105  to  116  : 

C'*H'*0*     +      3H»0       =       C^'E'-O'     +     Cn*0     +     2C0» 
Vulptc  acid.  Oiittil;Ucacld.  Mi'thyllc 

When  the  decomposition  is  complete,  which  may  be  known  by  the  ^ange  cf  colour  of 
the  precipitate  from  yellow  to  a  faint  dingy  tint,  the  oxatoljlic  acid  may  be  pracipitated 
by  hydrochloric  acid.  ItcrystaUisesfiromalcoholincolourle.**}*,  brittle,  right  rhombic,  four- 
sided  priums,  terminated  by  domes.  IT  mellK  at  lfi4*',  volntiliseK  withd^wmposition  at  a 
higher temperatum^  ia  sparingly  soluble  in  hot  water,  easily  in  nieohol  and  fiber.  Ithaa 
a  Strong  add  reaction,  and  forms  pasilv  soluble  salts  with  thf-  alkalis,  sparingly  soluble 
with  the  alkaline  earths.  The6flnwmW/,C"H»Ba"06.-4H'0,the*iVivr-6rt/rC"U"AgO", 
and  the  Uml-talt,  C"H"Pb''0«.4H'0,  are  crystalline  pmcipitates;  ihe  tthylie  Hhfr, 
C"H'*(CH*)0',  prepared  by  saturating  tlie  alcoholic  solution  of  the  acid  with  hydro- 
chloric acid  and  he&ting,  or  more  easily  by  treating  the  Hiker-salt  with  ethylic  iodide, 
forro»  colourless  pnsmutic  crystals,  which  melt  at  46*6'^. 

Oxatolyiic  acid,  boil(^  with  potashlty  of  specific  gravity  1*2  to  1'3,  is  resolved  into 
oxalic  acid  and  hydride  of  benzyl  (toluene),  CJi*,  which  distils  over : 


C"H'*0*     +     HH> 


cr-H'o*   +    20b: 


It  dissolves  \ufMming  «/^nc  acirf,  forming  ni  tro-oxatolylie  acid,C'*H^NO')0\ 
which  is  resolved  with  greater  facility  by  boiling  potash  into  oxalic  acid  and  hydride 
of  nitrobenj^l. 


;R8 


OXETHYL— OXYACANTHINE, 


OZBTH'SX.    Til  in  name  is  BppliM  to  peroxide  of  ethyl,  CH*0,  entering  into 
biuntibii  Aii  a  mouatoniic  nidiclc.  (Sco  Kthtlkkk-b^sks.  ii.  593,  and  pHOSPHOBTW-BAflM^ 

Lieben  (Ann.  Ch.  Plinrni.  cxxiiii.  287>,  by  treutiiig  the  chlorinated  dwimtTTw 
rthylic  oxide,  (CH')'O,  with  ethylate  of  sodium  or  ftlcoholic  potaah,  haa  obtatood  a 
poandtf  coDBifltiog  of  ethylic  oxide  in  which  i  or  2  at.  hydroKen  ia  replaced  by  oxeUijt 

a.  Oxfth^l-chiorrtAj/lic  oxifff,  AiitTntTitQ^lO.—Thin  compound     ia    obtaineil 

treating  dichloret hylic  oxidp  with  an  alooboUc  eolation  of  aodium  : 

^'^\0     +     NmCH'O      .      g^:5lH.O)lo     +      N"«^ 
Thn  ftptinn  b4>giD9  at  common  tempcratnrea,  but  rpquinea  the  aid  of  a  g«nt]e 
to  complete  it.     The  alcoholic  liauid  is  then  to  be  mixed  with  a  lai^gequAntity  of 
to  diasolre  out  the  chloride  of  fiooiam.  and  the  oil  which  •eparatea  washed  with 
Alcoholic  potaah  acta  in  a  aimilar  manner,  but  ^rea  riae  at  the  same  tim^e  to  tii« 
tion  of  a  confiidcrable  quantity  of  reainouf*  prodncia. 

The  oil  obtained  aa  above  consiata  mainly  of  oxethyl-cbloretfaTlic  oxid^ 
which  is  heavier  than  water,  has  a  very  agreeable  refreahing  odour,  and  Ixula  at  IS**, 
It  is  difficult,  howerer,  to  obtain  this  compound  pure,  as,  according  to  the  greater  <■( 
smaller  aaanti^y  of  sodium -ethylate  employed,  the  product  is  conCazninatod  either  witii 
dioxethyl-ethylic  oxide  {vid.  inf.)  or  with  dichlorethyllc  oxide.  The  Utter  mAj 
be  removed  by  heating  the  oil  to  100*^  with  aqneooa  potash,  but  the  remaining  oil  ii 
still  contaminated  with  a  more  highly  chlorinated  product. 

0,  Dioxethylic  oxide,  pifr*/px|T*oU^" — *^^^°*d  by  heating  dicbloretfaylic  oxids 

in  a  sealed  tube  for  some  hours  to  about  140°,  with  exoen  of  alcoholic  potash  n 
Bodium-eLbylate : 


2NaC«HK)      -      cSvcS»Oj|^     +     2NaCL 


The  product  is  washed  with  water  or  solution  of  chloride  of  calcium,  and  dried  ors 
chloride  of  calcium.  When  thus  purified  it  is  lighter  than  waUr,  and  boils  at  aboat 
168°. 

OHXC«H»0) 


y.   Ethifl-otethyliQ     oxidf,    OH WH*0) { O"^^®**     ethyl- chlorethylic     oxida 
C'H'Cl   [  ^*  ^^^  product  obtained  by  the  action  of  nne-ethyl  on  dichloretbyhc  ethfliv 


C^'(CH»)(^ 


is  treated  with  sodinm-ethylate  or  alcoholic  potash,  and  the  product  treated  with  wat« 
as  above,  an  oil  ia  obtained  consisting  chiefly'  of  ethyl-oxethylic  oxide,  togdhcr 
with  a  very  Bmall  quantity  of  another  compound  boiling  at  70^.  The  princtpd  r^ 
action  is  rcpreflcnted  by  the  equation : 

KCHH5      -      g'|:<gi:^J0     +     KCl. 

Kthyl-oxethylie  oxide  is  an  oil  of  ethereal  odour,  light-pr  llian  wat^  and  boiling  at  148**. 

By  using  socljtim-melhylate  instead  of  sodinm-ethylate,  and  ainc-methyl  instead  of 
ainc-fthyl.  a  whole  series  of  compounda  might  be  obtained,  homologous  with  thoM 
just  described     fLieben.) 

OXHTHYliSTTZS-BASISS.     See  ETiiYi.rNii-H&SE8  (ii.  £93), 

OXSTRTli-TRlSTHYXi-PBOSPHOVXirM.     See  PROSPBOnvs-BUSS. 

OXHAVi:axT£.    Syn.  with  Apophylutb  (i.  367). 

OXZOSB.  ) 


oxzm>ic  Aivxir.  \ 

OXZMDXCA8XV.  S 


Products  of  the  decomposition  of  indican  (iii.  247). 


OXOICZC  ACX9.    S^-n.  with  Gltcoiuc  Acid.     F.  Schnlse  applied  thi«  i 
to  the  ucid  olitiiined  by  the  action  of  nuscent  hydrogen  on  pure  oxalic  acid,  snppoaing 
it  to  be  a  distinct  acid  (see  ii.  910,  No.  8), 

OXXTKZO  ACX3>.  WhiU  purpuric  acid. — These  names  were  applied  by  Tan- 
queliu  to  u  product  obtained  by  treating  uric  acid  with  nitric  acid,  and  nFutmlisiDg 
with  lime ;  it  Rpp«'ars,  howr'ver,  to  hare  been  merely  a  mixture  of  alloxan  and  alloxanie 
acid.     (See  Gmclin'e  Handbook,  x.  169.) 

OXTACAVTHZV.    A    bitter   neutral  substaiice    obtained  by  Leroy  (Yiertel* 

jahrBHohr.  pr.  i'harm.  riii.  576)  from  the  whitethorn  {Cratrgu^  osyacanthay 

OXTACAVTBZn-B.   C"H"K»0"'?  VintUne.  (Polex,  Awh.  Pharm.  tL  366,— 


OXYANISAMTC  ACID. 
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Tackpr,  JahrwK  18G1,  p.  64fi).— An  aUwloTd  cxiBting.  togrth^r  withb#rT>^rin(»,  in  lie 
Kit  of  BrrbfTia  vutgaH:  To  extnicl  it,  the  root  is  exhauftoJ  with  alenbol,  a  Utile 
"  wiiter  is  addpd  to  ttic  extraot,  and  the  alcohol  is  diatiUed  off.  The  remaining  liquid 
deposits  a  pcsin,  which  must  be  separated  by  filtration,  and  the  flltrato  when  concen- 
trated depoaita  cirwtaJs  of  Wrberino,  When  the  mothcr-liquorB  no  longer  yield  this 
ba«e,  thoy  arc  to  he  dilated  with  fotir  meaaurea  of  water  and  precipitated  by  carbonate 
of  Kodinm,  the  pivcipilate  waKbiwl  with  eold  water  and  dissolvod  in  dilute  Milpharie 
acid,  thenuliilTon  decoloriseii  with  aniniAl  charcoal,  and  the  oxyacanthiue  u^ain  pre- 
cipitated by  carbonate  of  sodium.     ^Polex.) 

Oxj-acaii thine,  when  pure,  is  a  white  powder  ordinarily  with  a  yellowish  tinge.  It  may 
be  ohtaijKHi  in  tlie  crjalalline  state  by  spontaneous  evaporation  of  its  alcoholic  HulotioH 
mixed  with  a  quantity  of  water  not  sufficient  to  rendtT  it  turbid.  It  has  a  bitter  taste, 
turns  bmwn  oa  expowure  to  air  and  light,  melts  when  lieiitcd,  and  gives  off  water,  em- 
pyreunijitic  vapours,  and  ammonia,  leaving  a  oarbonueeous  residue  (Polex).  It  m*>U? 
»tl39^  and  decomjvoscs  at  a  higher  teraperattir*-  (Wacker).  It  is  nearly  inaolubl''  in 
cold  water,  but  when  recently  precipitatfd  it  didsolres  in  a  small  quantity  of  boiling 
water.  It  is  soluble  in  alcohol,  pther,  and  oib  b«)th  fixed  and  volatile:  its  solutioiia 
have  an  alkjline  reaction  (Polex).  According  to  Wackor,  it  dissolrcs  in  30  pts, 
of  cold  alcohol,  and  in  ita  own  weight  of  boiling  alcohol  of  90  per  cent.;  in  125  pta. 
cold  and  4  pts.  warm  ether,  also  in  chloroform.  When  proeipitated  by  ammonia  from 
its  salts,  it  dissolves  in  a  Inrge  excess  of  ammonia,  much  mure  easily  in  caustic 
potdffh,  noT  in  alkaline  carbonatt-s. 

Oxyacanthine  is  decomposed  liy  mineral  acids.  Nitric  wid  when  boiled  with  it  first 
re«tniaefl  it,  and  then  converts  it  into  oxalic  add  and  a  body  resembling  berberine, 
which  is  precipitated  in  yellow  fiot-ks  by  water  (Polox).  With  iodic  acid  and  a  small 
quantity  of  water,  it  Hepivnites  iudiue,  assuming  a  yellow  or  brown  colour.    (Wacker.') 

Air-dried  oiyacauthin©has.  according  to  Wacker,theoompi5sition  C*^H**N'O"'.H'0. 

The  salt*  have  a  bitter  taste  (Polox).  The  AyrfmA/flr*!//'.  C«H"N'0".2nC1.4H»0, 
cn'stallises  in  white  nodules;  so  likewise  the  sid^katr,  and  the  less  lolublf^  nilratr^ 
which  contains  4  at.  water.  The  oxalate  cr}'stallise8  in  sparingly  soluble  needles;  the 
acetatf  is  uncrystjilliaable,     (Wacker.) 

The  noutfol  solution  of  the  acetate  gives  a  white  precipitate  with  tincture  of  galls, 
sitmte  of  flilver,  mercuric  chloride,  tartar-emetic,  and  stannous  chloride ;  brown-red 
with  iodine ;  yellow  with  platinic  chloride  and  picric  acid :  it  is  not  precipitated  by 
mercuroun  nitrate,  ferric  chloride,  neutiul  or  basic  acetate  of  lead,  copper-salts  or 
gelatin.     (Polex) 

^       In 
OXTAJTZSAJOZC  ACm.     C-H-KO"     «     (OH'O)"' (.f^,.— Already  described ■ 


wprj^,.- 


an  anisamic  Acid  (i.  296). — The  rational  formula  just  given  represents  it  as  derived 
from  a  triatomie  and  monobasic  oxyauisie  acid,  t>H*0*     =      (C*H*0)"'>0*.     It  i 


:  may 


»lso  be  regarded  as  amido-anisic  acid,  CTI'(NH')0'.  H 

SiSkmoaoSa-oxyaAlaamle  Aetd,  or  Diazoaniaamidanisio  acid,  C'^H'^NK)*  » 
OH*N'0".(.;'HVN0".  (P.  Grieas,  Ann.  Ch.  Pharm.  cxiii.  337;  cxvii.  44;  Jahresb. 
18<39,  p.  467:  1861,  ix  414).— An  acid  produced  by  the  action  of  niiroua  add  or  a 
nitrous  ether  on  an  alcoholic  solution  of  Oxyanisamic  acid : 

2C"H'N0«     +     NHO»       =       C'*H'»N'0«     +     2H»0. 

The  reaction  must  take  place  at  a  rather  low  temperature,  and  all  excess  of  nitiODfl 
acid  must  he  avoidni. 

Ditizoanis-oxyanUamic  acid  is  a  yellow  or  greenjsh-yellow  umorphaus  snbstanct*, 
analogfius  in  its  prnperliea  and  reactions  to  diazobenzo-oxybenzamic  arid  (p.  291). 
It  mity  be  regarded  either  aa  formed  from  a  double  molecule  of  oxj'anisaraic  acid  by  the 
h-ub*ftitution  of  1  at.  m'tmgen  for  3  ut.  hydrogen,  and  rppreseuted  by  the  formulii 
C'*(H'*J»*')N*0*,  or  according  to  Grieas,  aj*  a  compound  of  diaxotinLsic  acid  {i.r. 
anisic  acid,  C^H'O',  in  which  2  atomn  of  hydrognn  are  rtplaced  by  2  atoma  of 
nitrogpn),  with  amidu-ainVic  acid  {i.t\  anisic  ufid  in  which  1  at.  hydrogen  is  replaced  by 
amidogrn,  NH»),  that  is  ua  C*H''N^».C«H'(XH')0". 

The  reni'tions  of  diazoanis-osyanisjiraic   acid   are    similar  to  those  of  diazbeneo- 
oxybenzamic  acid.     With  Aj/iirocAW/c  tiint  it  gives  off  nitrogen  and  formw  hydro- 
chlorate    of   ox^aniiamic   acid,  which  remains  diiJsolved,  and  a  r«d  amorphous 
powder  C'"H'*0*,  which,  when  purified,  exhibita  the  characters  of  an  acid: 
2C'*H'*N'0«     +     2HC1      +     U'O       ^       2(C"H'N0'.HC1)     +     e*n»'0'     +     Nr 

Ethylip  diazoanis-niyanisaroale  {vid.vtj.)  behavei  with  hylrocblorio  acid  in  a  Similar 
nuLODCf.      Chlorajitsic  acid  ia  never  fonafd  in  thia  reaction;  udther  ]»  bromaniaio 
Vol.  IV.  U 
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»rid   prcMlufwI  by   the   aifi»m   of  byJitjIiroinic  ncid  on   iliazodOts-oxymnwaBTic 
ffi/tirifulic  acid^oa  thv  eonlTAry,  formt  iodnniHic  acid  aud  Iiy  d  riodnte  of  ftlj^ 
ftniBic  ftctd: 

c-H'^NW   +    am    -    OHHO"    +    (ra»No».Hi    +    in. 

The  iodanisic  acid  M*pflnit«i  as  a  reddish  crystalliDe  nuus,  and   when  purified 
inxill  nffidloB  easily  soluble  in  alcohol  iind  ether,  n<»iirly  insoluble  in  water.  The 
chlorate  of  os^anisamic  acid  which  rcznuiiui  in  solution,  may  be   obtaiuftd  ia 
grouM  of  laminic  and  needles. 

DuuEoaniB-oxyanisamic  acid  snspendfd  in  boiling  alcohol  is  decompoaed  by  nitmt 
acid,  Tith  evolution  of  nitrogen  and  formntion  of  aninie  acid  and  acptie  aldeh/da  i 
C«H"N»0»     +     HNO«    +    aC'H'O     =     2C*H'0»    +     ZC^BH)   +    2H»0   * 

Dt4tn.«iil»-ai[r-  Mtraut  Alcohol.  AnUlc  acUL  AldetyrcUL 

iiMitiimic  mc\i.  acid. 

Alkalis  decompooe  dinjioanis-oxyanisamie   acid,   fonning  oxyanisamic  acid  aod 
aUiVH-raentiont'd  red  bo<ly  C'*H"0'. 

The  diazoania-oxyanisamutea,     C'*n'«M'N»0«  or  C^H^OTN'O*   ( 
to  the  atomicity  of  the  metal),  are  very  unstuhle  in  solution,  but  when   dry  lh«*y 
bear  a  beat  abore  160^  without  decompovition.     The  alkali-mPtal-BalLs  arc  snlul 
water;  the  rest  are  yellow  or  greenish-yellow  precipitates. 

The  ammonium'-taJt  forms  ^>1  Jen -yellow  iuminie,  and  ilecemposes  rapidly  vbea  iu 
aqneotts  solution  is  boiled.  The  pctassium-saJt,  C'*H"K'N'0*.2H*O,  forma  goldca- 
yellow  lamiMC  which  give  off  three-fourths  of  tbeir  water  at  120°,  the  rvDUundCT  it 
about  160°;  at  180°  the  salt  decomposes  with  slight  detonation.  The  sodhtm-itlt^ 
2C"H"Ka'K'0'.3H*0,  CTystallisf'sin  golden-yellow  {(tz-aided  tablets.  The  «M^iuhk» 
$a/t  forms  green inh -yellow  crystals  sparingly  soluble  in  water 

The  tthrrs  of  diazoanis-oxyanisamic  acid  are  prepared  by  passing  nitrous  er4 
vapour  into  alcoholic  solutions  of  the  corresponding  oxyanisamic  ethers.  The  tSkf'k 
ether  ie  easily  soluble  in  hot  alcohol,  whence  it  cryatalliaes  on  coolingin  narrow 
red  lamiiuD;  it  is  likewise  aoluble  in  ether,  bat  ineolnblo  in  water.  The  tiutAylic 
is  exactly  simiLir. 

oxTSSorzAXiKXC  Aczx>.     C'H*NO>     =     (C'H*0)"[q-       SemMwdt    «i< 

Amidobenroie aeid.  (Zinin,  J.  pr.  Chem.  xxxri.  103. — Chancel,  Compt.  rend. zzriu, 
422.— Gerland,  Ann,  Ch.  Pharm.  Uxxri.  143;  xd.  186.— Voit,  •AmT  xcix.  100.)— 
This  add,  the  amic  acid  of  oxybenzoic  acid  C'H*0',  was  formerly  caU«l  Benrnrntt 
add;  but  the  denomination  is  improper  since  benzoic  acid  is  monobaftir*  and  caDBul 
form  an  amic  acid  (i.  166).  It  may  also  be  regarded  aa  amiriahfiLsoic  vd-l 
C*H*(NH')0^  that  is  as  benzoic  acid  in  which  1  at.  hydrogen  is  replaced  by  amidogec 

It  is  metaneric  with  phenyl-carbamic  add,  (CO)' 


It  »  best  prepared  by  dtssotvine  nitrobenEoic  acid  in  a<)ncorua  ammonia,  an^ 
Stitumting  the  boiling  solution  with  nulphun'ttod  hydn^en,  air  bf  ing  excluded  aa  Car  u 
powtible.  The  liquid  is  drcantfd  f)*om  the  sepumtod  gulphur,  iind  neutralised  witli 
hcetic  acid,  when  it  deposita  crystale  of  oxj-benzamic  acid,  which  ore  purified  by  reeryslaJ- 
lisation  from  water  (Gerland).  Schiff  (Ann.  Cb.  Pharm.  ci.  94)  obtains  it  hj 
digeMing  nitrobenju>ic  acid  wiih  iron-filings  and  acetic  acid.  Chancel  ol'tainaitM 
boiliug  oxybenzodiamtde  with  strong  potash  uutil  nnimoniu  ctiises  to  escape,  vk 
super-saturating  the  liqniti  with  ftcetic  acid.     The  following  are  the  reactiona: 

C'n»NO'      -f      :iH'S       =        C'H'NO*       +     2H'0      +      & 

Nitrntwiiiotc  acid.  Oxyb^niAmlr  acid. 

CH»N'0     4.      KHO      =      C^I'KNO«     +     NH« 
OKfbeniodianilde.  Pof-u^ic  Oxjboniainatc. 

Oxybenxiimic  acid  forms  white  rrj'stalline  nodules,  or  tran.HpBrent  needles, 
as  its  uquec>(i&  solution  ti;  evaporated  rapidly  or  slowly.  It  has  a  awoetiah-aoar 
and  rrddcn*  litmui*  strongly  ;  is  uparingly  wlublf  in  cold  uxihr ;  readily  in  bnfliaf 
wulor,  alcohji  or  rthtr.  Its  solution  decomposes  by  exposure  lo  the  air,  and  yieJdi  • 
brown  resinous  substance.  "When  heated,  ir  mdia.  gives  off  irritating  rapcmn,  aod 
leaves  an  abundant  retidue  of  carbon.  Healed  with  fw^ngtf  phtinum.  it  isdecompgscd 
into  aniline  and  ciirlM"inic  acid.  Heated  with  Wiri  poOish,  it  gives  off  empjrw* 
matic  viipours  containing  ammonia,  but  no  aniline:  under  the  same  circanuUncM 
pheiiylcarbamic  acid  j-ield^  aniline  ahundjinlly.  Bnile«1  with  Juminq  nitrie  aeU, 
it  ib  converted  into  trmitrophenic  (picric)  »rid.  When  uitrout'  aiid  fuiiirs  are  rwffd 
into  its  aqueouB  solution,  nitrogen  is  evolved,  and  a  red  amorphous  precipitate  formid, 
nhich  rcdia»oh*ea  if  the  action  of  the  gas  is  {>rolonged :  the  solution  yiel<b  on  ei 
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Itfnn  rrrwttfU  of  oxybenzoic  acid.  Nilroiw  acid  piuuHMJ  into  on  nlcuholio  oolafion  of 
«»xyU*i)zaraio  arid  oonwrts  it  iuto  diazobensoxybenztiTnie'acid  {tid.  inf.);  but 
irh«Mt  A  solution  of  oxyttenzamic  ucid  in  cold  nqueous  or  alcoholic  nitric  ucid  ia  expoti^ 
t<)  the  Action  t^f  nitmiiH  Kcid,  the  product  oonn«t«  of  mtrat«  of  diazobensoie  acid 

I        C'H'N^O'KHO'.     (GriesB,  p.  203.) 

[  Oxybenzamir  acid  w  convert  wi  into  bPDToic  acid  by  boiling  with  wilier  and  peroxiiU 

of  mftnyamse,  or  pfrmanganatf  0/ potassiurn.  and  by  chlorine  (in  an  squious  Kolntion). 
Jn  aa  alcoholic  solutiun,  chlorine  produces  a  black  rvsinotu  subvtaxioe,  insoluble  in 
VdtcT,  soluble  in  alcohol  vith  violet  colour.  It  ia  attacked  l>y  potasnc  ehvntate  and 
tnipknrie  aeid,  carbonic  anhydride  beinjr  evolved. 

Mftailio  Oxf/brneamatfJt.  C'H*MO'.— Thci**  salta  rpsombl*  the  anthmnilatea 
Tery  dovety.  The  alkaline  and  alkaline-^iarthy  galta  ure  rcttdily  soluble  in  water  and 
altnhol,  and  cryatallise  with  difficulty.  When  hf^ated  with  polaah  or  lime  tltey  evolvA 
earbonic  anhydride,  aniline,  and  ammonia.  The  cupprr'Mlt  ih  a  green  precipitate, 
iasolobltj  in  water  and  alcohol,  soluble  in  acids.  There  are  three  h^ni-9clt»;  onCy 
pulviiruleut  «nd  insoluble  in  wat^'r;  another  fonniug  sparingly  soluble  needlea;  a 
third,  more  soluble,  forming  shining  lamince.  The  tUver-salt  ia  a  whit*^  enrdy  precipi- 
tate, which  soon  becomes  crystalline ;  in  boilinj;  water  it  becomes  violet-brown,  but 
does  not  dissolve ;  it  is  decompotted  when  heated  above  100^. 

Oxy-benzamie  etkera,  (Chancel,  Compt.  rend.  nx.  761.) — The  only  two 
known  are  thp  nxyhmramaie  of  mrtkyl,  C7H»(CH*)N0*  and  n/ttht/l,  C'}I*(C«H»)NO«. 
They  are  obuinc'd  by  the  action  of  uulphido  of  amrooninm  on  the  corresponding  nitio- 
beaaoHtes;  on  the  addition  of  water,  they  separate  as  heavy  oily  liquids,  and  ara 
purirted  by  repeatwl  solution  in  aloohol  and  precipitation  by  water.  Potash  converts 
them  into  oxybeuzamtc  acid  and  the  corresponding  alcohol;  ammonia,  into  oxybcuco- 
diamide  and  the  corresponding  alcohol : 

h  C»H"NO«     +     NH'       =.       CK'N'O     +      CH*0. 

^^^  Osybens«inat«  ethyl.  OxrlMii'MHunlde. 

^V     Like  phenyl-carbamic  acid,  oxvbenzamic  arid  comliiies  directly  with  acids.     The 

^^  XifdrocMoraU  of  oxybenzamic  acid,  C'H'NO^-HCl,  wparutos  in  groups  of  needles.  whf*n 

I        hydrochloric  acid  is  added  to  the  liouid  obtHincd  by  treating  nitrobenzoic  acid  with 

aiiJpbide  of  ammoniuni  (Voit).    With  dichloride  of  platinum,  it  forms  a  yellow  chloro^ 

ptaiinaU,  2C'H^N0VH^Cl».Pt''ar     The  nitraU,  C'H'NO'.NO'H.  is  formed  when  oxy- 

beu7.amic  acid  ifi   heated  with  nitric  acid  ;  the  acid  (liseolvefl  quietly,   and  crystals 

erparAt«>  out  on  coolings  which  are  rep<?«te<lly  crystallised  frcm  watej.     It  forms  thin 

larninfe,  permanent  in  the   air.  and  HDlnblc   in    wutpr  and  alochol.      The  txilpkate^ 

2(C^H'N0').S0*HV  IB  formed  when  oxyhpncainic  acid  is  dissolved  in  strong  sulphuric 

I        acid.  Heat  is  evolved;  and  the  mixture  solidifies  on  cooling  intoamassofNhiniugcrystals, 

which  are  purified  by  recryBta-Uisalion  from  hot  water.     Itia  permanent  in  the  air,  and 

hail}  an  iiit^nacly  sweet tAHte.    It  is  partly  dccvimprt?w»d  by  hnt  wat-er,  sulphuric  and  oxyben- 

xnmic  acids  being  formed;  the  same  decomposition  is  effected  by  potash,  by  the  carbo> 

natcfl  of  bariam  and  lead,  and  by  boiling  with  chloride  of  barium.    (Gerland.) 

F.  T.  C. 


R      ) 
Aeetozybttiiaamlo  Acid,  C^H^NO^    -  ^^%Qy 

H 


Q     (Q-  C.  Foster,  Chem. 


Soc  Qu.  J.  xiii.  235). — Thia  acid,  roetameric  with  hippuric  acid  (beniEOxacetamic  acid, 

rf-«rti»rt      I  Iff 

/C'H'OV'rO*  ^'  ^^^'  "^*  ^^^^  "  produced:  1.  By  heating  oxybeosamic  acid  with 

H       J 
acetic  acid  to  130^—140*'  in  a  sealed  tube : 

C'H'NO*     +     C'H*0>      =.      eH»NO»     +     H^. 

2.  By  the  action  of  chloride  of  acetyl  or  acetic  acid  on  oxybeusamate  of  ainc : 

C'*H'»Zn'N»0*     +     SC^H'OCl       =-       2C»£PN0»     +     Zn^Cl'. 

Thi*  first  process  in  the  bi*t.     The  produrf  in  dissolved  in  an  alkali,  preripitated  with 
hydrorhlorie  and^  and  purified  by  n-'TV^tnUiwitirm.  with  aid  nf  jinimal  charcoal. 

AcptoiybenMmiic  arid  \%  a  white  powd^T  consisting  of  microscopic  cryirtalB,  rtearly 
insoluble  in  cold  umitr  nud  (thrr,  spariufzly  aolubli*  in  boiling  water,  ensily  in  boiling 
aicoktti.  Liki*  hippuric  acid,  it dissolvera eiu^ily  in  oxAxnviTy  fhoHjyhfiteof  *ofiiuif\,(o7iv\vi\^ 
an  acid  solution  from  which  it  is  precipitati^  by  acetic  acid  and  by  mineral  acids.  With 
$trcmg  jtuiphunr  arifi  and  glacinl  acftic  acid,  it  forms  colourless  solutions  which  are 
precipitat«d  by  water.     With  kj/4rochif>nt'  and  nitric  aeitis  it  appears  to  form  solid  bat 

U  2 
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-Q«  appears  to  be  (»- 


Mol?  dooomposible  ci>inpound8.  It  sublimn  at.  200'^,  molts  between  220^  %t>A  tW, 
sad  begins  to  boil  at  260^.  It  ia  not  deoompooed  by  boiling  with  wMer  or  wiili  dil«» 
afidtt,  but  when  hesiTi'd  witli  hytlroch/itric  ur  diltiie  xulphttric  iicid  to  140"  io  •  itsM 
tube,  it  is  rewilmd  into  acetic  acid  and  (hydrociilorate  or  sulphat*  of)  oxybnmt 
acid,  junt  am  hippurio  acid  is  re«olvod  under  aimilar  cireumstancea  into  bnatactti 
ox^acetamic  ocid  or  gljrcocinc  (iii.  158): 

C*H'XO»     +     H^O       «       CH*0»     +     CH'NO'. 

When  treated  with  nn  alcubolic  solution  of  hydrochlorie  and,  it  yield*,  slowly  in  tb 
cold,  Dior**  quickly  al  lUO^,  oxyWn^mateand  ac«tate  of  etbyl,  togeth«r  wMh  iUtbn 
acida.  When  miroM  acid  is  puMPil  into  a  boiling  aolulion  of  acetoxybMuamif  ic< 
orwh«n  a  mixture  of  tlte  latter  with  nitric  acid  is  treated  with  nitric  oxide  gu^  mt- 
compounds  are  produced,  but  no  acetoxybenzoic  acid. 

Aettoxvbeneamatft. — The  jmtastium'  and  9odium-9aIf*  are  tmniy  volabtc  ii 
water  and  in  alcohol,  insulnble  in  ether,  and  difficult  to  crj-KfUliiw.  The  sodtm^tei 
dritd  at  120°  haa  the  compontion  C"H«NaNO«.-Tho  }^rium-mli,  C'«H»«Ba*KK)»JlR^  i 
»  also  easily  soluble  and  cry»ta)li!iefl  in  slender  nerdlra. — The  < '-' ' 
C"H*K?a'T^H)*.3HVl,  \n  drpoeited  ftom  the  hot  Holntion  in  thin  rhombic  1«m 
hitd-$aH  is  a  whit<*  ppecipitate  which  mella  in  boiling  water  and  gradually  ui- — ...^  - 
Nitrate  of  filvcr  and  cliloride  of  rinc  do  not  prt-cipitate  moderately  atroDg  polabottif/ 
aoetozy  benzamatee. 

FAhfflic  ttTf/heniamatr  appeani  to  be  obtained  aa  an  oily,  graduallj  oolidifyiag  torn- 
pound  by  heating  ac<>toxybens&mic  acid  with  alcohol  to  160^. 

H 

Benaoxybenxamlc   Add,    C^*n"KO*     »      (^H'Or 

H 

dneed  by  tho  nction  of  cbloridr  of  benzovl  on  oxyben£amate  of  xinc  The  prmlod 
which  in  insolulde  in  erhrr,  sparingly  uduole  in  water  and  in  alcohol,  and  rwnnUft 
acetoxybcnzamic  uoid  in  tasto  and  m  appearance  under  the  microacopc,  ie  probably  idrt- 
tical  with  the^(vf^'Vnramfc  acid  which  Cahoura  obtained  (Ann.  Cb.  PhanD.eull0} 
by  trraring  oxybcnzamittc  of  siWer  with  chloride  of  bensoyl.     (Foster.) 

niaaobense  -oxjbenaamlo  or  Blaxobenao-  unldotoensoto  AeU. 
C'*U"N»0«  =  G'H*N'n".C'H'NO=,  (P.  Gricfin,  Ann.  Ch.  Pharm.  oxvii.  :i34:cxni.l.) 
— This  acid  ia  a  product  of  tlie  action  of  nitrous  acid  on  oxybenzamic  acid  : 

2C'H'N0'     +     NHO*       -       C'*H"NO«     +     2n*0. 

It  may  be  regarded  either  as  a  double  or  comagated  acid  composed  of  a  molceidi 
of  oxybeniamie  acid  aNSOciated  with  a  molecule  of  benzoic  acid  baring  2  atoms  rf 
hydrogen  replaced  by  2  ntumti  of  moiiatomic  nitrognn,  as  represented  by  the  pf«cMlizi( 
fonnuU,  or  as  a  douMc  mulbcule  of  oxybi™nKiimic  uoid  having  3  atoms  of  hydrugci 
replaced  by  1  atom  of  triatomic  nitrogen,  in  which  cflsp  it  may  be  caUnd  aio-dioxf- 
benzamic  acid,  and  represented  by  the  formula  C'*(H"N'  )N'0*.  The  former istu 
view  adopted  by  (tnitia  for  this  afid  and  itn  hornolopuet*. 

It  ia  pn-pannl  by  pastflin^;  nitrous  acid  vapour  into  an  alcoholic  solntion  of  uxy- 
benzamic  acid  externally  coolrd  (the  aqu(^ou6  solution  do^".^  not  yield  a  pure  prodQd\ 
or  bftter  by  mixing  nitrite  of  ethyl  (ol»tiiined  by  oaturating  alcohol  in  the  «ild  wni 
nitrous  acid)  with  alcoholic  oxybrnxaniic  acid,  and  heaKng  the  mixtare  to  aboot  80^. 
The  iicid  then  separates  in  aiicro»copic  cry&taJs,  which  may  be  purified  by  vMhiqg 
with  alcohol. 

Biazobenzo-oxybenEamic  acid  forms  crystalline  granules  or  small  needles  o^sftM 
onnge^ypllaw  colour.  Jt  has  neither  taste  nor  eroelt.  and  is  nearly  insoluble  in  voter, 
aleohol,  ethtr,  tulpkidt  o/cGrfum,  and  chloroform.  It  dissolTes  in  min^al  acid^,  eaperiallr 
with  aid  of  beat,  but  does  not  separate  therefrom  without  alteration.  It  diseolTcs  it 
potash  and  in  amiiionio,  and  is  precipitated  &om  the  solution  by  acids,  eren  by  acrfic 
acid.  It  may  be  dried  at  100°  without  decorapositioii,  but  at  180°  it  explodes  and 
gives  off  pns  with  rinlence.  Hydrochloric  ttt'td  at  a  gentle  heat,  converts  it  into 
ehlorobenzoic  acid  and  by  d  roc  hi  orate  of  oxybenzamie  scid,  with  erolaticci 
of  niirogen : 

C'H*N»0».C'}I^O»     +     2BC1       -       CT1»C10«     +     CHT^O'.Ha     +     K». 

Hydnodic  acid  acts  in  a  similar  manner,  producing  iodobenzoic  acid  C*H*IO*, 
and  bydriudate  of  ox3*bcnnimic  acid.  A  bimilar  action  appeant  altio  to  be  exezted  by 
hydrofiuuric  acid,  hifdrotyanic  acid,  and  the  immiidr,  iodidr,  &c.,  of  rtht/i.  Bro»nu\h 
the  auhydrona  state  acta  with  great  violence  on  diazobenzo-oiybenzamic  acid,  nitro^B 
and  hydrobromic  acid  being  given  off,  and  a  resinous  mix'-urp  formed,  confrisiing  rf 
ttSTcral  broniinated  acids.   If  bromine  be  added  to  the  acid  bus^  ended  ia  water,  the  action 
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\iikcm  pl.!ce  itioff  quirlljr,  and  a  product  iiiohtsitu**]  from  whicli  bromnhenxoirnrid. 
C'H*Br0^and  tribromohenzoieirid.  CMlT}r»0^(orconiiv)UDH(ti!»nm('rirlh<»r«wilh>, 
mny  b<»  srp;in»twl.  Bromiimt^l  (IcWTHtivr'm  of  oxyb*n7oic  acid  and  of  Qxyb«nutmi(*  arid 
HTf  proluibly  fornird  at  the  stimc  tiinfi.  Chiorin<-  acta  Ukf  bromine.  Iodine  arts  lew 
inpi>;flii'nliy,  the  ilr)'  vnpourt  not  afUcking  rht»  arid  nt  nil :  but  whr-n  iodine  is  «ddf«d  to 
Uiiling  WAlrrin  which  theacid  isaunp^cndwi,  iodoxybpneoic  a c id ia  formed,  tog^.fa«r 
irith  hvdriodateofoxybpDSHinic  acid.  The  fonner  of  these  prodacts  la  nearly 
iuaulubic  in  water,  the  latter  easily  solable: 

C'*H"NK)*     4-     P     +     H*0       -       C'H'IO* 


CH'NO'HI 


N«. 


Fuming  niiric  acid  decompoaea  diiizobt^Dxo-oxybfnuimic  acid  with  violence,  nod  seti 
it  on  fir»*.  Ordiniiry  concentrate  nitric  arid  dissolves  it  at  a  genlk'  heat,  forming  a 
rMldinh  liquid,  which  dernmposiM  at  a  higher  temperature,  with  nulent  erolution  of  red 
vn[H>urN;  aud  the  remaining  liquid,  when  evaporated,  yields  among  other  prodacts, 
enrtfals  of  trinitroxybenroie  acid,  CH^NO'^O".  Ifirmus  acid  passed  into 
boiling  water  in  which  dia7/>^>enzo>oxybensamic  acid  is  nnniended,  converts  it  into 
nit roxybenaoic  acid,  C'H*(NO')fJ',  with  evolution  of  mtrugen.  I^obably  oxy- 
beasoic  acid  is  first  formed,  according  to  the  equation : 


C'*H"N'0' 


NHO* 


2CrH«0» 


N*. 


But  if  the  diajtol>enzo-oxyl»en7Jimic  ju-id  be  miripeniled  in  alcohol  previously  saturated 
with  nitrous  acid,  an  additional  quantity  of  nitroua  ^  then  passed  into  it.  and  th« 
alcohol  afterwards  evaporated,  a  red-brown  residue  is  obtainc<l,  consisting  chiefly  of 
aaly  lie  acid.     The  reaction  appears  to  take  place  aa  follows  : 

C"H"N«0*    +   2C«HH>   ^   NHO'     =     2C»HH)«   +    2C"H*0   +    2H'0    +    N«. 
DUxobriiiM-oKylwD-      AlcotioU  Niirou*  SMiylic  acid.         Aldpfayde. 

s«D)iv  ncld.  add. 

When  a  solution  of  diazobenzo-oxyboneamic acid  in aquGous  ammonia  is  evaporated  till 
nitrogpo  eeHM-8  to  escape,  then  a  litTl«>  farther  concentrated  on  tho  water-bath,  iind  mixed 
with  hydrochloric  acid,  a  red  amorohous  vubntance  separatfa,  hariugappan>nlly  the  com- 
pooition  C"ii"0^;  and  the  liquid  retaiusoxybeozamic  acid  combinoa  with  hydivchlonc 
acid: 

2C"H^'N"0*     +     H^O       »      C"H'»0»     +     2C'H'N0»     +     NV 

Dia£obcn£o-oxybenzamate8.  The  acid  diiwolves  in  Hlkalia^  DPUtntliaing  them 
completely,  and  exppi»  carbonic  acid  from  carbotuitea.  Thegern'ral  fominia  of  its  sails 
ia  C'*H»M»N»0*,  or  C'*H'M''N"0'.  according  to  tbe atomicity  of  tlie  mitnl.  The  diazo- 
benEO-oxyWnzamatos  of  the  alkali-niet&le  ore  easily  soluble  in  WiUf^r.  ^tible  when  dry, 
bat  decompose  easily  in  §olution.  giving  off  nitrogen  f^s.  With  solutioiiH  of  theeartii- 
aietalaand  heavy  metAU,  the  a^'id  forma  insoluble  or  sparingly  solublH  precipitator. 

The  amfflf*>m"//wi-*a/(,  C'H'^NU*)'N*0*.  formit  micposcopie  needles.  Tb'»/w/rt/t//;fm- 
imlt^  CH^K^N'O*.  is  best  prepiired  by  dismlving  the  acid  in  a  large  excess  of  curl»"nate 
of  potasiium  heated  to  about  KO^.  It  then  separates  on  cooling  in  extremely  HmalJ 
Yellowish- while ueedlfH,  which  ifxhibit  brilliant  iridescence  whil**  flouting  in  the  mothcr- 
liqut*r.  It  dii^soWes  readily  in  hot  WAlor,  crystallising  therefrom  in  nodulea  ;  sparingly 
in  a  Ktmng  solution  of  carbonate  of  pirajtAium;  not  at  all  in  alcohol  or  ether.  After 
drying  iu  the  air,  it  does  not  give  off  piny  thing  at  160^.  but  detonatett  at  a  higher 
temperature.  The  sodium-^alt  e\o»fi\y  resembles  thepotaeisinm-salt.  The  harium-»ait^ 
C'*H'Ba"N'0*,  i»  obtained  by  mixing  the  wjlution  of  the  p(itttN«ium-(»alt  with  nitrate  of 
barium,  as  a  yellowish-white  cnstailine  precipitute.  nearly  insoluble  in  water,  quite 
insoluble  in  alcohol  and  ether.  The  calctu m-gnl t  ih  very  similar.  The  mtUfurAium-xnlt 
erystHllises  in  yellow  needier  often  grouped  in  small  sphen^,  readily  cHilublc  in  water. 
The/efTK:  *a/(i8  a  yellow  precipit^ite.  'The  sinC'Solt  inyellowinh,  amorphouH,  insoluble 
in  water.  The  copprr-*aU  when  drj'  is  a  greenish  amorphous  powder.  The  aureuric 
gait  is  a  yellow-green  precipitate.  The  silvtr-sait,  C'*H*Ag'N''0*,  obtained  by  treating 
a  n**utral  solution  of  tbe  ammonium-sjilt  with  nitrate  of  silver,  if*  a  greeiunh-yellow 
gelatinous  precipitate,  yellow  when  dry,  iuNolublein  water,  alcohol,  and  ether,  per- 
manent at  100°  C,  detonating  at  higher  tf  mppnitures. 

Diasohenzc-oxyhrv^ainic  rfhrrs.  The  fMv//r  compound,  C'*H'(C-II*)'N'0', 
isobtainedby  naasing  nitrons  acid  giislntoHn  alcoholic  solution  of  ethylicoxybenzamate, 
and  separates  tn  yellow  crystals,  which  quickly  increase,  and  cause  the  liquid  to  sultdify, 
if  not  loo  dilute,  By  washing  with  cold  Rleohol,  and  reerystallisation  from  lioiling 
alcohol,  the  ether  in  obtained  in  gcdden -yellow  capillary  needles.  It  is  iaw^Iuble  in 
water,  moderately  soluble  in  boiling  alcobnl  and  ether.  Melts  at  14*°.  but  doea  not 
solidify  again  till  it  has  Iw'en  k*-pt  iVir  a  daiy  at  a  low  temperature.  When  strongly 
healed,  it decompowes  with  evolution  of  niimg«n.  !t  dibaolvcs,  though  with  difficulty 
in  dilute  acids,  wnd  is  prenp'tated  by  ammonia. 
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The  meihfjUe  fihfT,  C'*IIVCH*)'N»0\  may  be  pn-jumK]  bke  tlie  ediyl-«ciinpoB»d.  a 
beUw  by  passing  nitroua  iicid  into  an  ethert^al  oolution  of  inethylic  oxyb^nsamaU.  1* 
•epanitrti  in  crystalline  spheniles,  whiHi  digaolve  with  moderate  iicJlity  is  vm 
alcohol,  and  icparate  on  cooling  oithrr  io  the  same  form  or  in  obtuse  laoc<l-ali«p»4 
yellow  crjutalii.  It  is  inwluble  in  wat*»r.  roell*  at  leo*^,  and  exhibiu  the  BaoMpmli- 
arity  in  solidiiying  as  the  ethyl-compound,  which  it  Uktwiae  resemble*  n  lAn 
respects.     (Griess.) 

Bl&sot»eiuolo  Aeld.    C'H'N'O*  «  ^    g    "|0.    (Griefl%  Am.  Ch.  Fbn. 

cxx.  126). — This  ncid  is  soparatwl  by  alkalis  from  its  eomponnd  with  nitrie  add  m  \ 
yellow  maM  which  quickly  deconipasea.  It  unites  with  other  adds,  iwrnely  with  tUtrit 
and  hydrochlorio  acids,  and  with  ojtybenxamic  acid,  fonning  the  acid  just  dtsenbed. 

Hitraio-diacobmcoic  acid,  CTH'N'O*  =  C'n*NK)'.NHO*.  is  produced  by  the  a<jMi 
of  nitrous  acid  on  a  cold  solution  of  oxybeozamic  acid  in  aqueous  or  ialoobo£o^^^H 
Bcid.  It  separate!  from  the  solution  io  white  p^sms,  which  ilisaolre  "Pf^j^^^l 
cold  water.  And  explode  riolcntly  when  heated.  Boiling  water  d^Hrompoeee  it  q«l^^^^ 
with  evolution  of  nitrogen,  sepanition  uf  nitric  acid,  and  probably  witb  funasliuaof  | 
oxybeuxoic  acid :  perhaps  thus. 

C'n*N*0'JIHO"     +     H»0       -      CrH*0»     +     N*      +      NHO". 

Eihylic  niirato-dia^obmsoate  is  obtained  by  the  acliOD  of  nitrous  acid  on  cthj] 
nitrato-oxvIv'nzJimBte  ;  its  ar^uwus  solution  mixed  wilh  aurie  chloride  yields  agold-«!l,l 
C*H*((?H*)N'0*  HCLAuCl".  which  crystaUisea  from  alcohol  in  golden -yellow  forms^ 

The  phdnum-talt  of  chlorkydrato-diaxohauaic  acul,  2C^H*X»0'.2HCl.Pl*'a*,  ii 
obtained  in  yelluw  prisms  on  mixing  an  aqueous  M>lution  of  nitrutodiiixobeiixoio  sod 
with  plutinic  chloriae.  When  ircatod  with  sulphydric  acid,  it  yields  sulpbozybia- 
loic  acid,  probably  thus, 

2(?H*N»0».2HCl.PtCl*     +     iH'S      -       2C^H*0»S     +     6HC1     -»-     PtS». 


Blozybenzomlc  Acid.     C'H^*^0> 


(Voit, 


Pts».    m 

Ch.ThumM 


xcix  lOG.) — Tliis  acid,  wUich  niAy  be  regarded  as  a  diamic  acid  derived  &t>in  a  hypo- 

tfaetical   dioxybenzoie  acid,   ^     -nt  ^    .0^,    or    elss    as   diamido-beosoie  seid. 

C^H*(NIP)'0',is  formed  bv  the  rednetion  of  dinitrobenzoicncid  by  snlpbcrt'tted  bydni^ 
or  ferrous  acetate.  A  hot  ammuniacal  solution  of  dinitrobenzoic  acid  is  sator«ied  nlk 
Biilphurcttoil  hydrogen,  Altered,  evaporated  on  the  wiitvr-bntli,  salnrated  with  hydro- 
chloric acid,  uiid  filtered  hot ;  and  the  crystals  of  hydrochlomte  whirh  ^Fpamtt  art 
conTerfed  into  sulphate,  and  decomposed  by  barytic  carbonate.  The  filtrate  on  rrspo 
ation  ^fiwt  over  a  water-bath,  finally  over  inlphuric  acid ),  yields  Bm»M,  gre«iii«h,pcintpi| 
dystalaof  diozybenziiraic  acid, which  hare  no  taifte,are  Dfutntltolitmon,  and  solablr  in 
water,  alcohol,  or  ether ;  they  melt  and  bliicken  at  196^,  and  c&nout  be  soblimed 
Kitrous  fumes  pa«ised  into  its  hot  solution  from  a  red  resinous  mass. 

This  compound  ia  no  arid,  for  it  does  not  combino  with  bases ;  on  the  contrary,  it 
combines  with  several  acids,  fonning  defliuf,  mostly  crystaUisable  salts.  The  aeeUU, 
obtained  by  decvmpOising  the  snlphate  with  acetate  of  barium,  turns  brown  on  eTapcr* 
Ation,  and  finally  deposits  brownish  prisnuitic  erystais.  The  impure  hydrvtMrnvIt 
obtained  as  above,  is  purified  by  solution  in  water  and  addition  of  hydrocUone  art4; 
the  pure  compound,  CH*N'(>'.2HC1,  it  then  obtained  in  white  needles,  sohibW 
in  water,  alcohol,  or  ether.  Its  solution  decompoaea  in  the  air,  or  whcoi  hcitnl 
It  dof^  not  pn^npitate  plutinic  chloride,  but  the  mixture,  when  eraporated  ofvr 
sulphuric  acid,  yields  brown  crusts  of  the  ehforojAatinaU,  2C'H'N'0*.4HCI.Pt'*rh 
Thenr7rfl/c  and  oxalate  are  both  crystaUine  and  dark-coloured ;  the  9%ilph*iU  may  U 
obttiined  almo(>t  coIourL-^s  by  rf^crystaUisation  from  alcohol ;  it  ia  loos  soluble  iu  alcobiJ 
than  in  wut'T.  F    T.  G 

C'H-N'O     -    ^^"fll^^'lN*,   or  AnUdobauomiJ,, 
(Chancel,  Ann.  Cb.  Fh&nn.  IxiL  274.)— This  compound,  isoa«ne 


oxYiizarzonzABczsi:. 


with  phen^l-carbsmidc  or  aniline-nre&  (i.  755),  is  obtained  by  the  action  of  sulphide 
of  ammonium  on  nitrobenzamide  in  aqueous  solution  : 


I 

I 

i 


C'H'^^0')Ojjj 


3H'S 


(cn.or|j,. 


H« 


2HK) 


3t  separates  from  the  solution  in  crystals  containing  1  at  water  <C*H*N'O.H'0),  which 
it  gives  off  at  100° — 120^  It  is  soluble  in  wa4^,  aicohof,  and  ttArr,  but  the  alcoholic 
solution  quickly  turns  red  and  appears  to  decompobo.     Crystallised  oxybenso  disiod 
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melu  at  73^ ;  the  dfibydrat«d  compound  abora  100^ ;  al  higher  l«mperatarca  it  drcom- 
ponett,  l«aTiag  a  ctLrbunnoeoaai  rvsidui*.  Wbeu  geuUj  heal«d  with  pulasA-linu,  it  ii 
retnlved  iDto  ammoiiiA  und  oxybeoziuiuit*^  of  potauitium: 

Cm^N'O     +     KHO       -       Nil"     +     CUTCNCH. 

the  Utt«r  being  further  reftolved,  at  a  higher  tempemture,  into  4iniUii«  tod  potaa«io 
earboiuLt«: 

CH*K>'0«     +     KHO       -      0-H'N     +     K'CO«. 

Heat«d  witli  tnljihun'e  acid,  it  iip  n'si^Ived  into  carbonic  anhjrdridr,  add  Bulphalf^  of 
anunoaium,  uuii  pbeo^l-aulphaiuic  acid : 


CH'N'O 


2H'S0* 


CO' 


NHV 
H  i 


SO* 


(SOTJS 


¥ 
¥ 

¥■ 


OxybeiLCodiumide  unites  with  acida.  Thenrtm/r,  CH'NH).NHO",  forma  cryetalliDa 
rrufte  or  noduUr  groups  of  prictma  sparingly  soluble  in  vater.  On  mixing  moderately 
dilute  aolatiuiu  of  oxyboQKudiumideaud  8Jlver-niLmt«  at  the  boiling  b«at,  the  liquid  on 
couling  deponilA  the  ccai(>ound  C'H"N=O.NAgO"  in  aeedl™  which  become  coloarpd 
when  eipoeed  to  light.  The  hudrochloraU,  Cfl'N'O.HCl.  tfrysfiUIifwe  from  aqneoua 
K^ution  in  eiuull  n^^dl*^.  A  soriitiun  of  oxybenzoiliamide  in  lK<iting  water,  mixed  with 
excess  of  hydrochloric  acid,  aiid  then  nvith  pluLiiiic  chloride,  yields  long  oraug^coloored 
prisms  ofi'k^piathuun-mU,  2C*H'N'K).H=C1MV'CI*.     tChancol.) 

An  ethereal  solution  of  o^benzodiamide  trented  with  nitrous  a«(f,  yields  white  explosive 

C'H'N'O  / 
needlesof  nitrateof  diazobenxamide,       ^ra       /N.NEO*.  which,  when  treated 

with  hydrochloric  acid  and  platinic  chloride,  yields  the  salt  2C'H*N"0.B'Cl*.Pt^'a''. 
(Griess^  Ann,  Ch,  Pharm.  cxx-  127.) 

^       1 
OXTBZJrZOZC   ACZB.     CH'O*    «    (C'H'Or^OV      (Oerland,   Ann.  Ch. 

H       J 

Pharm.  xci.  186.— Griess,    ibid,   cxrii  1;  Zeitschr.  Ch.  Phann.  1862,  p.  97)— An 

acid  metameric  with  salicylic  acid,  obtained:   1.  By  the  prolonged  action  of  nitrous  acid 

on  oxybenxamic  acid  (Gerland).     Id  this  reaction,  which  yii'Ms  but  a  small  quantity 

of  oxybcnzuie  acid,  diuzubtfD20-oxybenc;ituie  acid  is  fin-t  formal,  wnd  nfitcrwards  piir- 

tially  converted  into  uxybeuzuic  au'd   (Griess,   y.  292). — 2.  It  is  much  more  easily 

4>btai&ed  by  decuoiposing  mtrato-diaxobeiizoic  acid  with  boiling  water  ij^Grieaa) : 

CH*JK)».NHO»     +     H=0       -       CE«0»     +     WHO-     +     N*. 

Oxjbeiixoiciaacolourle88oryelJowi«hcryBtalline|>owder,  sparingly  solnblein  cold  tco(rr 
and  alcohiti,  eiiHily  woluble  in  the  hjiitiq  liquids  nt  hoilinc  hent  ;  thti  Roluliona  are  stroai^ly 
acid.  It  meltt*  at  a  high  tempcratnro,  and  distils  without  decompoeition  ;  vijilutiliflfs 
with  raponr  of  viUer  when  ix»  nqueous  solution  is  boiU-d,  and  coudenries  in  nhiitiiig 
noixiles.  It  is  permiinent  in  thr  air^  and  dooa  not  lose  weiu[ht  at  JOO^.  Wh^-n  quickly 
heated,  it  splits  up  ililcR  eidicyUo  acid)  into  carbonic  anhydrid*^  and  phuitylic  uleuhol  ; 
the  decumpositiQU  takes  place  more  easily  when  the  acid  is  heated  with  slaked  lime. 
It  is  di6UDe;ui8hed  from  salicylic  acid  by  tJie  fiict  that  its  aqtteoua  bolotion  is  not 
coloured  violet  by  ferric  salts.      (Gfrlana.) 

Oxybonxoic  acid  is  monobasic;  it  displaces  carbonic  acid  and  neutralises  alkulif*.  The 
oxybenzoutes  of  the  alkali-metdlis  are  very  soluble  and  difficult  lo  crysrallise ;  those  of 
the  alkaline  eorth-metala  are  icae  soluble  and  crystallise  in  ne«^les:  the  rest  are  iuMluble 
in  water  and  in  alcohol,  but  soluble  in  acids.  The  Uad-taU  contains  C'^H'*Pb''U*. 
(Gerland.) 

lodoxybenxoic  cci'rf,  C'H'IO'. — Produc*-'d  by  the  action  uf  iodine  on  diaxobenxo- 
oxybenzamic  add  (p.  202).  It  usually  cryatalUbcs  in  lung  uarrow  coluurlesa  lamiiue, 
which  sublime  at  a  gentle  heal,  but  are  deoompoiud  when  quickly  healed,  giving  off 
Tapoura  of  iodine.     (Griess^  ioc.  cil.) 

Nitrojybeneoic  arid.  C'R'NfJ*  -  C'H\NO«)0",  is  formed  by  the  action  of  nitric 
acid  of  specific  grhTitr  1*36  at  ordintu-j  temperHturesonoxybenxoicacid  ;  wiih  btrongtr 
nitric  add,  more  biguly  niirat4K]  products  art;  obUi.ined  which  explode  violeotly  when 
heated  (Gerland).  The  mononiTraled  acid  is  also  [iruduced  by  tlie  action  of  nitrous 
acid  on  diazobpnzo-oiybenzamie  acid,     (Griesw.) 

Nitroxybenzoic  nrid  dissolres  in  hut  water,  and  separates  on  evaporation  in  fine  yellow 
crystals  belongiiif  to  the  rhombic  system.  It  has  a  bitter,  disiigroeuble  t.usto,  and 
imparts  a  yellnw  t-olour  to  a  Isr^^e  quantity  of  waif-r.  It  is  strongly  acid  and  dii>(d(icwi 
caAonic  acid.     Sulphid**  of  Hmranninm  decnmpows  it,  with  precipilation  of  sulphur. 

Nitrcxifhenseatt  f*J  potai6ium,  C'H*K(SO'')0',  is  sparingly  soluble  in  cold,  easily 
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soluble  in  builiog  watery  and  crystalUfieB  tben>irom  in  LeautLful  goMen-yeUoir  shiiuaf 
priama,  rescDjbling  picTHte  of  potufiaium.  It  explo<le« slightly  when  heatt^  (Gcrlftsd.^ 

Trinitroxybtmoic  a ci(/,C'H*N»0»-C'H'(NO«)'0\ui produced bvlhca«iiooof 
ordinaiv  nitrit'  acid  at  a  gentle  hmt  on  diazobonuMixybcDziimic  acid.  It  efystaUtiei 
ill  ni'arly  whito  rhombic  prisms,  which  baT«  hd  intcaMly  bitter  toate.  diaaolTS  eaailj  ii 
wat«r,  aicuhol,  and  ether,  fomuDg  yellow  BoUtiona,  vrnXi  when  heated,  and  de4«iiili 
Tiolentlv  at  higher  tempcrutares.  The  acid  is  decompoved  by  sulphide  of  ammoiiiaa,vith 
Mpamtion  of  sulphur,  aod  forrnutioD  of  a  new  compound. 

The  trinitroxybenaoatea,  C'HJPN"0»  or  C'HM"N'0*.  are  nearly  all  aolaUcia 
watfT,  and  some  of  them  form  flnecmtalB.  The  afflm<mrv/n-<d//cont&iDs  C*H(KH*)'N"0*, 
211*0  ;  tho  barmni'^aU  and  the  mvcr-talt  are  linhydrooB.     (^Orieas.) 

OXVBUTIltZC  ACZD*  This  Dame  u  Bometimea  applied  to  Wartz*8  bntylartie 
a^id,  C*H"0*  (i.  C88),  produced  by  the  action  of  dilute  nitric  add  on  hydrate  of  amylrof. 
Fricdelnnd  Machaca,  however  (Aon.  Ch.  Pliarrn.  cxz.  279),  apply  it  to  an  Mid 
baving  the  same  cnmpontion  aa  butylactio  acid,  but  differing  frons  it  in  some  respect^ 
which  iti  obtained  Inr  oxidising  dibromobutyric  acid  with  silTcr-oxide.  It  fonm  a 
eine-4aH  containing  C*H"Zn"0',  which  crystolliaes  in  radiate  nodules,  not  in 
iBmica*,  like  the  bntyliictate.  The  acid  ttepamted  from  the  nac-aalt  yields  ot 
atioD  a  symp  which  crystallises  in  vacuo  or  OTcr  oil  of  Titriol,  in  deliqaesoent  roMn* 

oX¥  a u T 1  itoxTi.-»oyiOMic   aTKBX.     Kolbe*s   name  for  Wortft 
C*U'0    \ 
butyrolactic  ether,(C'H*O)''>0*,  which  he  represents  by  the  formula* 


{ 


C*HK),  e 


{cj|,|  00.^.0. 


OXTCAXaoZT^XC  ACXa.  C'*n'"'0''.— An  acid  pzoduced  by  the  action  of 
chlorine  or  nitric  acid  on  thhydrocarboxylic  acid  (iii.  189).  It  crystallises  in  hsd, 
colourless,  rhombio  prisms,  insoluble  in  alcohol  or  ether,  sparingly  soluble  in  cold  water, 
easily  wlnble  in  dilute  nitric  acid,  "When  heated  to  tUO°,  or  trratcd  with  warm  water 
or  with  bases,  it  becomes  br ^wn-red,  and  iii  converted,  with  evolation  of  gaa,  into  di^- 
drocarboiylic  acid.     (L^rch,  Ann.  Ch.  Pharm.  cxxiv.  20.) 

Carboxptic  a<*id,  C'"H*0'*,  i»  known  only  in  its  salts,  which  are  fonnad  !iy 
oxidation  of  the  liydrogi'u  in  Uiv  trihydn>-,  diiiydro-,  and  bydroKxrbozylatea.  Tas 
.•UKtral  pot(usiumsaIt,  C'*K*0'*,  is  black,  but  turns  red  when  exposed  to  the  air.  A 
grenn  ciystalline  potassium-salt^  C'HK'O'*,  the  corresponding  ofmnoniiifli-ja^ 
C'«H(NH^)*Oi",  and  aredacid  potaMtttm-saU,  C"E»K«0'«.  have  likewise  been  obtainsi 
These  salts  when  decomposed  by  acids,  yield,  not  carboxylie  but  rhodisonie  ma^ 
according  bu  the  equation  : 

C"H*0'«     +     2H»0       -       2C*H*0*. 


i 


CartioxTlIc 

uld. 


Bbodtxoolc 
add. 


OXTOAXBKZWZO  AGZSi  C*H'0'. — An  acid,  said  by  8chQtzenberger(AniL 
Ch.  Phys.  [3]  hv.  62)  to  exist  in  cochineal,  together  with  canninic  add  (see  CiHimn^ 
i.  804). 

oxTcxXiOXXC  Acxs.     Syn.  with  Psbcklobio  Acid  (see  Celobotb,  Oxxdm 

AND    OXYOEN-ACIDS    OF,  i.  910). 

OXTCaXiO&zsiiS.  Also  called  Satie  Chlorides  Compounds  of  msUUie 
chloridtv  with  the  basic  oxides  of  the  same  metals;  they  maybe  formulated  os  tJM 

type  _TxtQ  f  -     They  are  produced  by  imperfect  precipitation  of  a  metallic  chloride 

with  an  alkali,  e.  tj.  of  mercuric  chloride  by  lime-wuter ;  by  the  nation  of  water  on 
metallic  chlorides,  as  in  Ihe  precipitJition  of  antimonious  chloride  by  water;  by  the 
partial  decompot-ition  of  chlorides  by  oxygi-n,  or  of  oxides  by  chlorine  at  high  tempon- 
tiireA.  Several  oxychZorides  occor  as  natural  minemle,  having  been  formed  by  the 
action  of  air  and  water  on  chlorides  (see  the  several  MsTixs). 

OXTCaXiOXOCAXBOHTC  ACCI>.    Syn.  with   Chlobidb   of  CAJtfiovn.  or 

pHosoKyR  (i,  774). 

OXTCXVCaoJrxvx«  C**H''N*0*.  (H.  Strecker.  Ann.  Ch.  Pharm.  cxiiii. 
379.) — A  bas**  isomfrie  with  quinine,  obtained  by  the  action  of  potash  or  silver-oxide 
on  an  alcoholic  sulution  of  dibromocinchonine  (i.  978),  By  paasing  carbonic  acid  gta 
into  the  solution  after  prolonged  boiling  till  the  potash  as  neutralised,  then  evaporating 

•  H=i1,     C«6,    0^8, 
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treating  the  renidue  fint  with  wat<>r,  tht-n  with  alcohol,  and  learing  the  aloohulii.'  mjIu- 
tioD  to  cool,  oxjcinchuaine  in  ubtaineii  in  coIourlesA  crystnlliue  Uniiiii^  ejuilj  tioluMo 
in  acids.  The  aolutioas  aru  not  fluoifsoeiit,  and  do  not  liecome  green  on  addition  of 
chJorine-Wtttar  and  ammonia.  Thn  m-utral  sulphaif,  2C*H**N'0*.H'SO\  cryiitttllitwit 
wca  The  ckl<rrophttinntr,  C'•H"NK)^H'Cl^Pl'•Cl^  is  light  ycUow.  Bparingly  soluble  io 
hot  wutcr,  insoluble  in  liU'choI  and  «ther.     The  di-add  aalta  du  not  czjstalljBC. 

OXTCOBA.X.TIO  SA&TS.     8e«  Cobu.t-babb9,  Ammokcacax.  (i.  1056). 

OXYOSOCOSrzc  ACZO.    Sjn.  with  Lbucoxio  Acid  (iii  68i). 

OaCTOrraUWAaOC  A0Z1>.      C'»H»«N0"   -   (C»H'*0)-lg     or  Amidvcuminie 

fl«rf,C'*H"(NH')0*. — An  acid  derired  from  oxycuminic  acid  in  the  sanie  manner  a«  it« 
homologueoxybenzamic  acid  i»d*rir«i  from  oiybenioictioid  (see  CnriKic  Acn),  ii.  176). 

Dtanxumin-oxycuminamicacid,  C*H"*»N*0*  =  C'*H'»N'O^C'»H'»NO'.  is  obtained  by 
the  action  of  nitrous  add  on  an  alcoholic  Bolution  of  oxycuminaroic  acid  cooled  with  ice, 
carefully  avoiding  an  oxeen  ofniLrona  acid.  It  cryHtjiliiflea  in  yellow  microiicopic  priama 
orlnminee.  It  ia  the  IcuAt  stable  of  all  the  coinpounda  of  tiie  eeritts,  being  dccoropoaad 
with  evulatioQ  of  nitrogen  when  boiled  with  alcohol.  Ita  reactions  are  preaMly 
analogous  to  tho.oe  of  diiuubcnzo-oxybcnzamic  acid  (p.  291). 

OXTCintUHZC  ACID.     C^'lfO'.     See  CuMUnc  AciD  (li.  179). 

OXTSISftOMOPBEirrXi-SIIXPHURZC     ACZn.      CU*B^'SO^— An    add 

froduced  by  the  action  of  boiling  water  on  diazo-dibromophouyl-aulphuhc  add  (toe 
'ucrtL-suLPUUkic  Acid). 

OXTBRACTXftAMCZO  AOZD.    Syn.  with  PiBA-oxYBKNEunc  Acid. 

OZTTSiVOKXSBS.     Fluorine-compuunds  analogous  to  the  oxychlorides. 

OXTOBV.  Atomic  wnight  16.  Symbol  0. — Synonymrn  :  Oryy^nf^  Oxjf^i^ium, 
Sautrftoff,  Vital  Air,  i*ure  Air ^  DtphlogistigaUd  Air^  Ftvcrhift,  Acidifying  principle. 

Oxygen  is  the  moat  abundant  of  tdl  the  elements.  It  fortn^  eii^ht-ninttiR  of  water, 
nearly  one-fourth  of  the  air,  and  aboat  oue-bnlf  of  bilica,  ohiilk,  and  alumina,  the  tbive 
muat  plentiful  eouj^titumtii  of  the  earth's  surface.  With  a  few  exceptions  only,  of 
which  the  prioeipal  are  rock-salt,  fluor-spar,  blende,  galena,  and  pyrites,  it  enters  into 
the  constitution  of  all  important  rocks  and  roinemla.  Independently  of  ita  existence 
in  tbo  watt^r  of  the  tituiaes,  it  is  an  essential  conslituent  of  all  living  organisms.  It  is 
absorbed  by  animals  daring  respiration,  and  evolved  in  the  free  state  by  growing  viye- 
tublea  when  ejtposed  to  sunlight.  The  oxygen  of  the  Htmosphere  is  moobunically 
Aized  with  tlie  nitrogen  and  other  constituents,  but  is  chcmiciiJly  free  or  uncombinej. 
Oxygen  gas  was  discovered  by  Priestley  in  1774,  and  a  year  Uter  by  Scheele  (see 
QkM,  ii.  773).  Its  name  is  derived  from  oiit,  add,  and  7f»,  to  produce,  because  it  waa 
ibrmerly  n^arded  us  essential  to  tlie  conBtltulion  of  sji  acid.     (See  Acibs,  i.  41.) 

preparation, — 1.  Oxygen  gas  may  bo  prepsred  by  Applying  a  greater  or  leas  degree  of 
heat  to  yariooa  oxidised  substances,  such,  for  instance,  as  the  oxides  of  mercury,  silver, 
gold,  and  platinum;  the  pemxides  of  hydrogen,  buiium,  load  and  manganese;  and  the 
chlorates,  nitrates.  bich^OInatc^  &c.,  of  potassium  and  other  bases. 

a.  Oside  of  mercury  is  inten-sting  as  being  the  hulwtant^e  from  which  oxygon  waa 
originally  obtained.  By  hei^ting  it  in  a  flask,  it  brt-nks  up  into  mercury- rnpoDr,  which 
may  be  condcnseil  in  a  receiv*?r,  and  oxygen  gs8,  which  muy  be  eolK^ct^Hi  over  water, 

3,  Perotridr  of  ma-nganetr  is  a  vi'ry  cheap  source  nf  oxygen  when  large  quantities  are 
required.  The  sabetauee  should  be  heated  to  rednem  in  an  iron  little,  whereby  oxygen 
gas  is  giTen  off,  and  a  lower  oxide  of  manganese  left  behind  :  3MnO'  »  31n'0*  +  O^ 

7.  Ckhratt  of  potastium,  however,  constitutes  the  most  gencnilly  available  source  uf 
the  gas  for  prepamlion  on  the  laboratory  scale.  ^Vhen  strongly  heatt^i  in  a  flask 
of  hard  gloBa,  it  melta,  gives  off  the  whole  of  its  oxygen,  and  leaves  s  rettidus  of  chlo- 
ride of  potu.Bsiu.ra:  KCIO*  =-  KCl  +•  0".  The  trmpcmtiirc  roquired  tn  eflii-t. 
this  decomposilion  completely  is  so  high,  that  the  flask,  though  mjde  of  diffi(*ulrly 
fusible  glass,  usually  becomes  softened,  and  yields  to  thi.'  preiisure  of  thr  gtut,  which  ut 
last  forces  an  opening  through  its  side  or  bottum.  It  is  found  that  tht;  chlorate  givpsoff 
itsoxygenata  much  lower  t^'mprrature  whun  mixf^d  with al»iut  one-eigLtb  ofitsw^'ight 
of  some  metallic  oxide,  such  as  that  of  copper,  or  iron,  or  manganese.  Under  these 
circumMtances,  the  salt  does  not  fuse;  but  the  resulting  gaa  is  less  pure  than  when  the 
nnmixed  chlorate  is  employed. 

8.  A  concentrated  Rquecus  solution  of  hypochlorite  of  calcium  (bleaching  powder), 
gently  heated  with  a  small  qnAn^ity  of  peroxide  of  cobalt,  is  completely  rusolved  into 
chloride  of  calcium  and  oxygen.  The  gaa  is  evolved  with  great  ease  and  r^ularity.  so 
that  the  method  is  well  adapted  fur  the  prepanuion  of  large  quantitiea.    The  sam« 
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quuDtity  ofoobalt-p<)roxiJe(Abuai  i  Ui  A  uf  ihe  weight  of  the  bleaching  povd«)au7bv 
repputedly  used  fur  the  purpoM,  an  it  oocw  out  uodergu  any  pertiuui«Dt  ch*n^  Utl 
upp«an  to  act  niemlj-  as  a  cturifr  uf  oxygen,  tiret  taking  it  Irum  the  bypochloxiU  aaj 
poAfliog  (o  a  higher  state  of  ouiljitioa,  and  then  giring  it  ap  again.  The  special  p^ 
punitioD  of  Uie  cobalt-peroxide  may  evpn  bp  diiip«nsed  with  altogether,  a  few  dropi 
uf  any  cobalt* solution  being  aimply  added  to  the  eolation  of  bleftrhing  povdar  at  lit 
commencement  of  the  prooees;  the  cobalt  U  then  immediately  oonverted  into  nnoidf 
by  the  oxidining  action  of  the  hypochlorite.  It  ia  Deoeasary  to  uae  a  dear  aolatioB  if 
bleaching  powder,  as  if  milky  it  in  apt  to  froth  cuiuideTabfy.  (FlaitBianii,  .AulCL 
Pharm.  cxxxit.  64.) 

(.  PeroMtie  of  barium^  when  strongly  heated,  giTFt  up  one-half  ita  oxygen  to  pro- 
duce baryta :  BaO'  *>  BaU  ■»-  O.  By  paMting  a  current  of  moist  air  ar«r  i1m 
lees  heated  baryta,  it  abaorba  oxygen  and  re-pnidaoee  the  peroxide,  which  a  atraogrr  ha& 
again  decomposea ;  so  that>  by  rQ^ctiliouaof  the  prooeBa,aamaUqaaDtitjof  theperosidi 
can,  as  was  shown  by  Bouasingault  (Chem.  Soc  Qo.  J.  v.  269),  furnish  an  ia6i£- 
lutfly  liLTge  qUADtity  of  oxygen.  A  pateut  for  the  pr«panition  of  oxygen  in  thia 
UHT  and  its  application  in  various  choniiail  operational  haa  been  takeu  out  by 
SvindelU  and  Nicholson  (Chem.  Qaz.  1566,  p.  130). 

C.  DeTilU  and  Debray  (Compt.  r^ncL  li.  822;  Ann.  Ch.  Pham.  ezriL  3$9) 
recommend  for  the  preparation  of  oxyguo  ou  the  large  acale : — 1.  The  ignition  of  uc-i 
eutpfant*',  whiL'h  at  a  temperature  not  hiphor  tliun  that  required  for  tb«*  decompodtWa 
of  percjxide  of  manganeae,  gircs  off  a  mixture  of  aulphurous  acid  and  oxygen. — 2^  Th» 
deuompo»ition  of  sulphuric  acid,  which,  when  pamea  in  tbo  state  of  rapoor  orer  tt^ 
hot  platinum'&il  or  platinum  sffouge,  ia  rctKilvcd  into  sulphurouB  acid  and  oxygen.  Bjr 
passing  ihe  guaeoos  mixtore  obtained  by  cither  of  theae  procesvee  through  vaT«r  or  «& 
alkaline  aolutioo,  the  sulphnroiu  ucid  is  absorbed,  and  the  oxygen  »et  frw.  Hi 
wiueoos  sulphurous  acid  thu^t  obtaitu-d  may  be  ntilisod  in  tbo  munufactare  of  aulpborx' 
acid.  The  doconipusition  of  sutphnric  ucid  in  this  wuy  is  recommended  by  DeviIU 
and  Debray,  altio  b^  Do  Luou  (Compt.  rend.  liii.  156),  as  the  cheapeat  uf  all  method-^ 
ol'  obtaining  oxygen  in  large  quautitics. 

Tf.  Another  mi'thod  which  has  been  proposed  fur  obtaining  oxygeo  on  the  m^uiuftc^ 
turing  scale  ia  the  ignition  of  a  mixture  of  nitrate  of  bodium  and  oxide  of  ainc  {Stt 
an  examination  of  this  process  by  J.  H.  Pepper,  Chem.  News,  vL  218.) 

2.  Oxvgen  may  ah»o  be  pn>paml  by  the  acttun  uf  sulphuric  add,  at  a  modfratr  Crm* 
perature,  upon  certain  highly  oxidised  compoundis  such  as  the  peroxides  of  lead  snU 
manganese,  the  biehrumute  and  purmaugaiiate  of  potasnum.  Sic  Theiie  reactions  «n 
^eldom  employed  for  Ihe  purpose  of  obtaining  free  oxygen  gas,  but  are  extremely  coa* 
venient  aa  moaus  for  affording  oxypen  to  ranuus  other  bodies,  or,  in  other  words,  ibf 
tfxidiiiing  tlivrn.  Thus  hydrochlonc  acid  BCl,  when  tn>ated  with  sulphurie  and  sod 
permungnnnle  of  potaobium,  becomei>  hypocblorous  add  HCIO.  AU^hol  C*H*0,  wh«a 
treated  with  sulptiuric  acid  and  pcroxiJi;  of  manganese,  yields  aldrhyde  CT'H'O,  aot| 
water  H'O.  Cuminic  soid  C"H"0',  treated  with  Milphunc  ucid  imd  acid  chromateid 
potaasium,  yields  inaolimc  arid  C*1I*(.),  together  with  carbonic  anhydride  CO-  ami 
two  atoms  of  water  ZH-'O.  The  reactions,  so  far  as  regards  the  erolutiun  of  oxygen, 
are  as  follows : 

H^SO*     +  MnO«      -  MnSO'  +        HK)     +      O 

2H»S0«     +      KMnO*      -  KJdu(S07       +     2HK>     +      0» 

■IH-SO'     +     K'CrH)'       -         2{K(S<S0«)«j      +      4HK)     +      O* 

3.  Oxygen  may  bo  obtain^  by  the  electrolysis  of  water,  being  liberated  at  the 
positive  pcjle.    (S«^  EutcnaciTT,  ii.  432.) 

4.  When  frovh  mint,  or  parsley,  or  othtir  uctire  leafy  plant,  ia  immersed  in  carbonic 
acid  water  aud  ex[)UM-d  to  fiUiilJghL,  oxygen  ia  liberated  from  the  leaves  in  considernble 
quanlitieK.  The  experiment  is  best  conducted  in  a  tali  inverted  cylinder,  so  thut  tbe 
oxygen  gua  muy  i>ulleet  in  ita  upper  part,  by  displacement  of  Ihe  carbonic  acid  water 
which  should  uri^inally  fitl  the  veasoi. 

6.  There  are  uunniuufl  other  reactions  which  serve  to  liberate  oxygen,  but  they  am 
not  employed  as  meuns  for  the  preparntion  of  the  gas.  Some  of  them,  howerer,  an 
very  intere»ting.  Thus  when  oxide  of  silrer  reacts  with  peroxide  of  hydrogen,  there 
are  produced  water,  metallic  silver,  and  oxygen : 

H  K)»     +     Ag»0       =       H»0     +     Ag«     +      0« 

Propf^rtits. — Oxvt^en  is  colourlebs,  taateleaa,  and  inodorous.    It  ib  the  least  r«£nietiv« 

of  till  the  ga^eb.     It  has  robisted  every  attempt  to  effect  ita  liquefaction.    It  ia  the  moM 

magnetic  of  all  ga«ea  (Kee  Magnetism,  lii.  773).     It  i&  heavier  than  atnosphanc  air 

in  ihp  ptoportion  of  IlOoG  to  I  OOOO.      It  is  very  sparingly  foluble  in  water,   100  rol- 
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'VDM  of-vhich  at  ordinary  temperahires  can  only  retain  about  3  Tolames  of  the  ns.  (See 
KlAMa,  Absorption  of,  u.  797.)  Neariy  all  natural  vuters  contain  dissorred  ozy- 
'gm,  and  can  only  be  freed  therefrom  b^  prolonged  ebullition  in  vacuo.  The  cfaemiod 
'ztutiona  of  atmoapheric  air  depend  pnncipaUy  upon  the  oxygen  which  it  cootaina; 
ithe  air  being,  in  iu  chemical  relHtiona,  merely  oxygen  gua  mixui,  or  diluted,  with  about 
tCmr  times  ita  volume  of  nitrogen. 

I  O^gen  io  the  free  state,  whether  or  not  diluted  with  nitrogen.manifests  considerable 
chemical  activity,  even  at  ordinary  temperature.  With  the  single  exception  of  tiuorine,  it 
hn  been  made,  directly  or  indirectly,  to  unite  with  eveiy  known  element.  Some  reactions 
of  o^gen  are  iiitereetmg  from  their  employment  as  means  for  detecting  the  presence  of 
tiie  gas,  or  efft-oting  ita  removal.  Thus  an  alkaline  solution  of  whiti  indigo  abrarbs  oxygen 
ii^ndly,  at  the  same  time  becoming  bine.  An  alkaline  solution  of  a pyrogaUatf  abeurbs 
oxygen,  furuiiiig  an  opaque  black  jjqnid.  JNitric  oxi(/'-^a«,  which  is  perfectly  colourlees, 
mutes  with  oxygen  to  form  deep  orange-red  vapour*.  Pkotphonu  slowly  abeorbs  oxy- 
gen, as  do  alao  moist  irvfi'WirCt  moist  had-tuminaa,  moist  taw-dust,  and  many  metallic 
eompounda,  auch,  for  instance,  as  ammonio-subchioride  of  copper,  or  chloride  of  cnnroe- 
MUBonium,  the  protuhydrates  of  iron  and  manganese,  the  white  double  cyanide  of 
poUwinm  and  iron,  &c 

Tha  minority  of  the  metals,  when  in  the  massiye  state,  remain  perfectly  bright  and 
Uaeted  upon  in  d^  oxygen  or  air ;  but  in  moist  uxygen  or  air,  many  of  them  become 
■lowly  oxidised.  The  coating  of  oxide  first  formed  frequently  protects  the  metal  from 
BOM  than  ft  superficial  oxidation,  as  ia  notably  the  case  with  lead.  Some  of  the 
ordinarily  permanent  metals,  when  in  a  very  finely  divided  state,  for  instance  lead  as 
obtAiDed  by  the  ignition  of  its  tartrate,  and  iron  as  produced  by  the  ignition  of  Prussian 
Une^  undergo  ho  violent  an  oxidation,  that  spontaneomt  combustion  results  from  their 
)  exposure  to  air  or  oxygen.  Hence  they  are  termed  jtyrophori.  Various  other 
,  which  expose  a  lai^e  tturface  to  the  action  of  air  or  oxygen,  become  gnidually 
[  through  slow  oxidation,  and  finally  undergo  spontaneoua  combustion.  Greasy 
tow  and  wuoUen  rcfiwe  are  peculiarly  liable  to  this  action. 

Hany  substances,  when  heated  to  redness,  unite  with  oxygen,  and  thereby  give  rise 
to  the  phenomena  of  combustion  or  burning.  The  combustions  of  phoephornft,  charcoal, 
•alphur,  iron,  zinc,  and  naphthalene,  in  undiluted  oxygen,  constitute  vt>ry  brilliant  ex- 
perunenta.  In  each  case  the  results  are  oxidised  compounds  of  the  sub»t;incc  burned, 
jthe  weight  of  oxidised  products  corresponds  exactly  with  the  weight  of  the  body  burned, 
plna  the  weight  of  the  oxygen  consumed.  When  an  ordinary  coinbustihle  body,  Buch 
Ha  wood,  paper,  or  wax  candle,  ia  inflamed  in  air  and  then  immersed  in  a  vesael  of 
oxygen,  the  combustion  proceeda  with  greatly  increased  intensity.  If  the  fiame  of  the 
wood,  pai>er,  or  wax  candle  be  extiuguibhtxl,  and  any  portion  of  the  substance  be  left 
ill  a  glowing  stat«,  it  will,  when  immetaed  in  oxygen,  immediately  burst  into  flame. 
This  is  a  very  cbuructcristic  property  of  undiluted,  or  but  slightly  diluted,  oxygen, 
which  it  shares  only  with  nitrous  oxide  gas.  A  jet  of  hydrogen  gas  burns  in  oxygen 
M  in  air,  but  more  rapidly.  Of  course  the  two  gases  cau  only  unite  where  they  are  in 
contact  with  one  another,  that  is  immediatriy  around  the  jet  of  hydrogen.  Hence  for- 
merly the  hydrogen  was  said  to  bum,  and  the  oxygen  merely  to  support  combustion. 
Jiut  if  a  jet  of  oxygen  be  introduced  into  a  vessel  of  hydrogen,  the  flame  will  proceed 
from  the  oxytcen  and  the  hydrogen  become  the  supporter  of  combustion,    for  this 

gorpose  the  hydrc^en,  contained  in  a  somewhat  narrow-mouthed  inverted  jar,  should 
e  ignited  at  the  mouth  of  the  jar.  Then  the  jet  of  oxy^n,  in  j)a88ing  through  the 
flame,  will  itself  become  ignited  and  bum  in  the  interior  of  the  jar.  In  like  nunner, 
oxygen  may  be  made  to  bum  in  ammonia-gaf<,  by  introducing  it  tlirough  a  bent  tubo 
into  a  wide-mouthed  fiask  in  which  strong  aqueous  ammonia  is  kept  in  a  state  of  gentie 
ebollition,  and  applying  a  lighted  taper  to  the  end  of  the  tube.  (Heint;^  Ann.  Ch. 
Fbarm.  cxxx.  102.) 

Bespecting  the  evolution  of  light  and  heat  in  oxidation,  tlie  conditions  of  inflamma- 
bility, the  nature  of  flame,  &c.,  see  Comuvstion  (i.  1089).  Bespecting  the  quautiticH 
of  heat  evolved  in  the  oxidation  of  vuriuus  bodies,  see  Heat  (iii.  102). 

Oxygen  is  capable  of  replacing,  directly  or  indirectly,  hydrogen,  chlorine,  hnmiiuf, 
iodine,  &c.,  one  atom  of  oxygen  always  taking  the  place  of  two  atoms  of  each  of  thutc 
dements;  thus  in  the  conTerKion  of  alcohol  into  iicetic  acid  by  direct  oxidation,  and  of 
pentaehloride  of  phosphorus  into  the  oxychloride  by  the  action  of  water,  we  have: 

cr-H*o»     ^     cnvo   +    o   -   ii* 
rci'O      -     PCI*      +    0   -   CT-. 

AettTO  Ozjgen  or  Osone — Under  certain  circumstances,  oxygen  gas  acquires 
ft  greatly  increased  chemicul  activity,  together  with  a  peculiar  smrlt.  In  this  state  it 
oonatitutes  ozone  {fii(af\  mid  has  the  characteristic  property  of  decomposing  iodide  of 
potHfibium,  with  liberation  of  iodine.    Oxygen  gas  through  which  electric  aparlu  have 
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\fven  rtUBfid,  thjit  iu  which  phoKphums,  ether,  turprutine,  and  some  other  sul       

liivre  been  slowly  oxidising,  and  tbit  pro(iuc**d  hy  the  cWtruI.vei*  of  an  »cid  liqiU. 
iiUke  react  with  icMiiite  of  potflHRiiim  us  shove  describM].  According  to  Andr«wi^ 
I  he  nxnnc  pruduci-il  b^  (bene  tbrct;  pnvcHHHs  i»  thv  same,  aud  couHnta  K>let^  of  oxjgv 
ill  flr  aUotropic  Blate.  Acconiiug  to  W illiampon  ond  Banmert,  the  oxon*"  pi^ 
duL'r'd  by  plwtroIysiH  is  a  trioxidt*  of  livdn^nn  H*0*,  as  is  probably  alao  that  pmdoad 
by  the  oxidation  of  p'oapboniH.  With  n^ganl  to  the  owme  produced  hy  electned 
diKchurKPfl.  they  Admit  thut  perfectly  dry  oxygen  is  capable  of  being  modified  by  totk 
dischargee,  but  consider  tliat  the  {M*ouHar  proporties  of  oiODe  are  not  manife«t<d  nalfl 
the  action  of  noiature  upon  the  modified  oxygen  baa  reenlted  in  the  fonnatiou  of 
Iriuxidff  of  hydrogen.  The  rtM^mt  eonjuint  ezperinienta  of  Andrews  and  Tail,  bov- 
o\¥T,  and  Ukevifie  those  of  t.  iJabo,  seem  to  have  eetabliabed  the  correctiiew  of  the 
formor  view. 

More  than  half  a  centnry  after  Van  Marum'e  originnl  observation,  that  oiTgM 
through  which  eloetric  sparks  bud  been  passed  aoqnired  a  peculiar  smell  and  the  p 
of  attacking  mcrcunr.  Scbonbein,  in  1840  (Pogg.  Ann.  1.  616),  published  his 
paper  on  oeone.  lie  bhowed  that  in  the  electrolyeis  of  acidulated  wiit-«T,  an  ode 
gas  was  produced  at  the  positive  polt;,  which  might  be  pnwerved  lur  a  long  time  ? 
well  closed  vessels.  He  also  observed  the  same  prDdoct  to  n^ult  from  the  diseliargn 
in  air  of  a  common  ehctrit^al  machine,  and  rvougnised  the  identity  of  the  smell  with 
that  iiocompanying  a  flafii  of  lightning,  f^oon  after  he  noticed  th>'  jmjdurtjon  of  oeoos 
by  the  (ilow  oxidation  of  phosphorus  in  moist  air  or  oxygen.  Man^nuc  and  Pe  U 
Rive  then  showed  that  ozone  might  be  obtained  by  passing  electric  apiirkt*  thniogk 
piTfcetly  dry  oxygen,  a  result  confirmed  by  Fr^my  anaBecquerel  (Ann.  Ch.  Phys.  [3] 
xxxr.  62;  Chem.  Soc.  Qu.  J.  t.  272),  and  aubseqnently  by  Andrews  (Clicm  See. 
Clu.  J.  ix.  168).  But  they  found,  on  Uie  other  hand,  thai  diy  air  or  oxygon  did  sat 
becoiue  ozonised  by  trHn^miswion  over  dry  phoaphoruiJ.  Vrimj  and  B«*cquere| 
ascertained  that  pun*  oxygen  gn.",  standing  over  a  Milutiou  of  iodide  of  potaMqium, 
might  be  completely  absorbed  by  the  passage  of  electric  eparke  through  it.  X>rT 
oxygen,  however,  as  shown  by  Andrews,  can  be  only  partittlly  ozonid^  by  <*leetee 
discharges,  iinleas,  indeed,  the  ozone  be  absorbed  as  fast  as  it  is  prodQe*d 
Houicau  (Chem.  Soc.  J.  viiL  237)  noticed  the  oeonic  chartfccter  of  oxygen  set  free 
by  the  action  of  r^olphuric  add  upon  peroxide  of  barium.  According  to  Dt^  I«nca,  the . 
oxygen  evolved  by  tiie  action  of  light  upon  plants  is  also  oaonic.  Sch(>nl'>eiD,  and 
uUo  Pbipson  (Chem.  News,  viii.  103),  bare  observed  that  air  in  er>nt»rt  with  the 
juiceof  fungi  bfK'DmoB  nsonised;  the  latter  tlw>  finds  thtit  ossone  is  produced  wbea 
flioert  of  ttppleare  exposed  to  the  air.  and  is  of  opinion  that  the  processes  of  fe 
putrefaction,  and  decay,  air  likowifte  attended  with  oKoiiifiation  of  tlie  air. 

*  >zone  is  best  prepared  by  one  or  other  of  the  following  ppoceasos.  a.  OsoDised  tfr 
or  oxygfn  may  be  obtained  by  phtcing  one  or  two  »iticka  of  clean  moist  phoephonia 
in  II  Iwttlc  of  air  or  oxygen,  when,  aftt>r  an  hour  or  so,  iho  smell  of  ozone  will  he  Tery 
nhiinu-s.  The  sticks  of  phcwphoriis  should  then  be  taken  out,  and  the  cae  washes) 
with  water  to  remove  the  phof^phorous  neid.  If  the  phosphoms  be  allowed  to  remoio 
in  th**  bottle  for  sevoml  hour*',  ibr  uzonp  gradually  diesppe;!?^.  Or,  a  current  of  moist 
air  may  be  slowly  foive^l  thivugh  a  succes^iion  of  large  Wolfe's  bottlee,  oontainiog 
each  a  few  stickh  of  dean  phosphonm,  Hnd  finally  throngb  a  U-tnbe  oontainiDg  water 
nr  rliluTn  alkali.  The  juneUoiDt  nhoald  be  as  few  as  poanible,  and  should  be  effected 
with  wound  enrks,  or  preferably  by  grinding.  Otono  may  be  at  once  pit>duced  by 
plunging  a  healed  glass  rtxl  into  u  inixlnre  of  air  and  ether-vapour. 

fl.  i{y  clf-clrtilysis  of  watJ-r  acidulated  u  ith  sulphuric  atid.  According  to  Andrews^ 
a  mixture  of  one  volume  of  ^ulpliurie  neid  with  three  volumes  of  wiiter  is  mo>t  pro- 
ductive; while  I^mm»'rL  recommends  the  electrolyte  to  consist  of  wnter  strongly 
acidulated  with  both  chromic  and  Mulphuric  acids.  The  following  arrangement  may  be 
Mdvantageou'^^ly  adopted.  A  eouted  wire.  ha\*ing  attached  to  its  extremity  u  piece  of 
crumpled  platinum  (oil,  which  conetitatea  the  positive  electrode,  is  dippctd  loto  lb» 
elet'irtilyte  contaiinnil  in  a  cylin«lrical  |x)rouH  cell,  and  an  inverted  tube-funnel,  jnst 
MifflL'iently  nhkiII  lo  elide  into  th»*  cell,  is  8unp«'nded  thm-in,  over  the  foil.  Thii*  funnej 
fvervefl  to  rtilleot  the  oxygen  wliieh,  during  the  elfctrnlynif,  it«uefi  in  a  continuous 
strcjirn  from  it**  narrow  oritlce.  The  negative  clectrHtic  mny  be  constituted  of  u  plate 
of  platinum  foil  dipping  into  another  vessel  of  the  eleetrulyte,  hurrounding  the  porous 
cell.  Electrolytic  oxygen  has  not  been  found  to  contain  more  than  |^g  part  of  its 
wftight  of  oionc. 

7.  Ozone  may  be  obtained  b^  passing  electric  discharges  through  air  or  oxygen. 
Oiygpn  gas,  pp'pared  by  heating  chlorate  of  potassium,  is  conducted  snccesaively 
through  a  strong  solution  of  caustic  potash,  and  over  pumice  and  oil  of  vitriol. 
Klet'trical  diFcharges  may  then  be  pa»ied  through  the  gas  in  its  traoait,  wheivby  a 
&t-ream  of  pure  ozonised  oxygen  in  obtained;  or  the  gas  may  flist  be  collected  by 
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dispUeemeot  in  suitable  tubes,  and  Ibon  oconified  by  the  dischflirffo.  Andre  _ 
oauallj  coUcctfl  his  oxygen  in  s  Btniight  gloAs  lube,  one  end  of  which,  preriously 
Gontnct«d  bj  the  blowpipe,  is  in  commuuiciition  with  the  supply  of  ens,  while  tha 
other  end  is  fused  to  au  olniuet  cftpill&ry  piece  of  tubing,  bent  id  toe  form  of  a 
U-gaoge.  After  the  tube  has  been  two  or  three  times  alternately  Gzhsustodby  bd  air- 
pamp,  and  filled  with  oxygen,  the  extremity  of  the  capiUtLry  gauge  is  detached  from 
the  uir-|iiimp,  during  the  passage  of  the  gas,  and  dipped  into  oil  of  Titriol.  The 
supply  of  gits  id  miiuiiucd  for  some  time  longer,  tiod  the  excess  allowed  to  bubblv 
Uirough  llio  oil  of  vitriol  in  it*  escape.  The  contracted  extremity  of  the  reserroir 
part  of  the  tube,  in  coiumuiiicittion  with  the  source  of  oxygen,  is  then  sealed  by  the 
blowpipe,  and  a  few  bubbles  uf  gus  are  expelled  by  gentle  warming.  Upon  cooling, 
vil  uf  vitriol  is  (Irawii  into  Llie  gauge,  so  an  to  conuue  the  ox;rgeo  in  the  rr^crroir. 
The  free  extremity  of  the  gauge  it)  next  sealed  in  suoh  ii  manner  as  ru  leave  a  small  space 
of  air  above  the  oil  uf  vitrioL  Then  by  means  of  plntinnm  wires,  previously  ftiaed  into 
the  reeiervuir,  olectric  discharges  are  passed  through  the  oxygen,  whereby  it  becomes 
ozuDified,  In  this  way,  any  alteration  in  the  bulk  or  t4?n8ion  of  the  oxygen,  ooDseqnent 
upon  the  production  or  subsequent  destruetioo  of  the  oxone,  is  recognisable  by  an  altera- 
tion in  the  levfl  of  the  oil  of  ritriol  in  the  gauge.  Andrews  focml  tluit  the  Riihrok^r^T 
epurk  was  iU-suitwl  for  the  pnxluclicin  uf  oaone,  and  that  even  the  ordinary  macbinH 
spark  was  much  less  effective  timo  the  silent  discbarge,  obtained  by  attaching  one  uf 
the  platinum  wires  of  the  r^-^ervoir-tube  to  the  prime  conductor,  and  the  otlier  to  the 
ground,  and  taming  the  mtichine  slowly. 

In  itdditioii  to  its  property  of  displnciiii;  iodine  ^m  iodide  of  potassiutn, 
oeone  is  found  to  bo  rapitlly  abnorbrti  by  nunury,  iind  to  be  completely  de«tpoy«l  or 
dci-ijinpoeed  at  n  temperature  of  260'' — 300°.  Availing  tln^mfleWes  of  thwte  properticMt, 
Andrcwi  mid  Tail  obtained  the  following  rennlts.  When  the  silent  disrhiirge  was 
psssed  through  pure  dry  oxygeo  contaiuetl  in  one  of  the  gau^-tubes,  condenMttion  was 
observed  to  take  place,  at  first  rapidly  and  then  more  vlowly.  The  maximum  con- 
traction ever  obtained  was  rqual  to  ^.j  of  tJie  eutirc  volume  of  ibfi  gnu.  On  heating  the 
contracted  or  ozonised  gas  to  300°,  it  recovered  its  original  volunu';  and  this  alternate 
contTaction  by  the  silent  diat^harge,  and  restoration  by  a  tomporar}*  heat,  could  be  re- 
peAtod  an  indefinite  nurabi-r  of  times.  The  extreme  contraction  gnulually  dimintshed 
when  the  lube  was  rcI  aside  for  some  days.  The  ordinary  eli-ctncal  spark  effected  a 
Tery  snudl  contraction  of  the  gas,  not  exceeding  -y^  of  the  wliolc;  and  when  the  sparic 
dischu^  was  ptu^sed  ihroogh  the  gas  contracted  by  the  silent  discharge,  an  expanHiou 
took  place  correHftondtng  to  the  oxcese  of  contraction  effected  by  tlie  silent  dittchai^r, 
beyond  tlnit  which  the  Bpark-dischargo  could  have  produced.  By  introducing  into  Iho 
reaervoirs  of  the  tubes,  bt-fort  filing  them  with  oxygen,  wmail  qnnntiti^f4  of  m^rntry  or 
BolutioD  of  iodide  of  paiassium^  contained  in  thin  gluKF>  bnlUs,  tind  then  ozonifying  by 
the  silent  discharge,  so  as  to  produce  a  much  coiitruottd  g^ts,  Andrews  was  sble  to 
act  upon  the  OEone  with  these  reagents,  whifh  could  be  set  free  for  tlte  purpose  by  a 
smart  concussion  and  consequent  fracture  uf  their  containing  bulbs.  After  the  action 
of  the  mercury  ur  iodide  of  potnasium  u^xju  the  cootruct4M]  gss,  it  no  longer  underwent 
any  permuneut  txpanaion  when  heated  to  S(10°,  showing  the  complete  absorption  or  de- 
composition cif  the  ozone  by  the  reagent.  But  very  curiously,  tin's  absorption  of  the 
oaone  was  not  attended  with  any  diminution  in  the  bulk  of  tli"  contnicte^  oxygen. 
In  other  words,  the  active  oxygen  absorbed  by  the  reagmt  ot-cupied  no  part  of  the 
bulk  of  the  ozonised  gas,  inasmuch  us  itei  removal  did  nut  diminish  that  bulk.  When 
the  osone  was  abM^roed  by  solution  oT  iodide  of  potHBsium,  the  smount  of  ioclino 
liberated  was  found  lo  correspond  exactly  with  the  amount  of  original  contraction, 
that  is,  with  the  quantity  of  oxygen  which  bad  apparently  ceased  to  occupy  spsce. 
The  above  remarkable  result  HcemH  to  ^e  best  explained  by  tlie  following  hy[>otnesis. 
If  we  consider  ozone  to  be  a  compound  of  oxygen  with  oxygen,  and  the  coDtruction  to 
be  consequent  upon  their  combination,  then  if  one  portion  of  this  combined  or  con- 
tracted oxygen  were  absorbed  by  the  reagent,  the  other  portion  would  be  set  freehand 
by  its  liberation  might  expand  to  the  volumn  of  the  whole.  Thus,  if  we  suppose  threo 
volumes  ot  oxygen  to  be  eondecsed  by  their  mutual  rumbiniition  into  two  rolumif*, 
then  on  absorbing  one-third  of  this  t'^mlined  oxygen  by  mercury,  the  remsiniug  two- 
thirds  would  be  set  free,  s.nd  consequently  expand  to  their  normal  bulk,  or  two 
Tolomes . — 

3*0ll.  3  voti. 

—       +      —  +  4-—  +      — 

0     0    0      +       Hg       =       Hg  O      +       0    0 

Upon  this  hypothesis.  Andrews'  maximum  contraction  of  ^  would  indicate  the  conver- 
sion of  \  of  hie  oxvgen  into  oaone.  Simdar  results  have  been  obtained  by  v.  Babo 
and  CUu8ius(Aun.  Ch.  Pbarra,  8uppl.  i.  297;  Jahre«b.  1863.  p.  1371. 

Andrews  aliHj  afacertaijiGd  Lhat  a  bireaui  of  dried  elt>ctrulyiic  oxoiu^  when  heated  to 
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ilwomponition,  nnd  piuMsl  over  phoBplioric  nnhylri'l*-,  Mi\  not  nffurd  a  tnc^  of 
\Vlien  paHtftfd  t.'ou«tM:u(ivi*ly  tJin'Myh  soluliuns  of  iudiitrof  potUMium  and  oil  of 

tb<?  incre/we  in  the  weight  of  (hi*  two  liquids,  from  tho  iibtforplion  of  tb*  actire  < 

roiTr4pond(*d  exuctly  vith  th''  t^uirm'eDt  of  icvlini'  set  fre«,  lu  eatimnted  by  BuMn^t 
Volumetric  method.  But,  apourding  to  Williumson  (Aiin.  Ch.  Pharm.  liw.  227)u4 
Bauroert  (Pogg.  Arm.  Uxxix.  ,**8  ;  Ohom.  Soo.  Qn.  J.  \i.lfl9),  dnrd  elwtrolTUV  oam 
does  yield  water  iw  ii  pnidut'l  of  its  decoai|xi:*itifjn  h}  h#.it.  Aocnrdiag  toiUamf^ 
nliio,  dried  elertrolytii?  cnuni*  when  piisttAJ  coasecoliruly  tUnough  solution  of  lodidaef 
potaa^iani  and  oil  of  Tilriol,  «*'ta  free  a  qunntity  of  i-jdin**  corrwipondinp  to  onlj  {|ctf 
the  liitnl  incTfasr  of  weight  nf  the  two  liquida.  Henre  the  formnla,  prerioaalr 
ISMttpd  \>y  WiUmnison,  WO"  :  for  WO*  «  IPO  +  0^  or  fiO  =  18  -•-  3%  '" 
O'  »  jj  of  IPO'.  Andrews'  riew  ie  howt*vc'rconflrin«4  by  the  n>c«^t  f^xpt  _^^ 
nf  V.  Babo  (Ann.  Ch.  Phiirra.  Suppl  ii.  26d  :  Jnhresb.  18dS.  p.  131  \  luid  of  8ont 
(Ann.  Ch.  Phann.  cxxvii.  Vi ;  cxxx.  96).  Andrpws  found  that  ple^'tmtTtic  osooiM^ 
oxygen,  when  dcfomposed  by  hi^at  in  one  ot  hin  ptn^-tube«  nDderw«ut  a  variahU 
increase  of  bulk,  according  tu  tho  proportion  of  uzoni-  preaenC  Tho  ezpaaaiosr  bo*^ 
prer.  never  exceeded  ^  of  the  entire  Tolume  of  gaa. 

The  general  characters  of  ozone  are  those  of  an  oxidising  agent.  Thns,  H  eor^ 
n>des  organic  matter,  as  shown  by  its  rapid  action  on  niotitobouc  or  vulcazute  eott- 
necture.  It  bleaches  most  Testable  colours,  as  ext/mplifled  particularly  by  its  ooaro^ 
Mon  of  indigo  into  initin.  It  oxidates  black  sulphide  nf  lend  into  whit«  sulphate  of 
lead,  changes  the  yellow  fcrrocyauide  into  the  red  forridcTanide  of  potaaniim,  and 
colours  moist  ("ulphato  of  mangnne^e  brown  from  formation  of  the  hydrmted  pfr> 
oxide.  It  is  absorbed  by  moist  iron,  copper,  meroury,  and  silver,  with  prodiMtiflB  tf 
their  respective  oxides.  Moist  eilrer  is  even  converted  into  the  state  of  peKuddc 
Dry  oBone  is  also  readily  absorbed  by  dry  mercnry  and  dry  iodine. 

In  some  cases,  however,  osoue  acts  as  a  deoxygenant.  Thns  it  dooompoass  pcxoxiik 
of  hydrogen  and  peroxide  of  barium,  with  evolution  of  inactive  oxygen,  deri^d  boUh 
from  the  osone  and  the  peroxide,  as  repreaeut^^  hypoLhetically  by  the  foUowt^ 
equation  ;— 

—    +    —  +—   +  —    +  +     — 

000  +  H«00  -  200  +  H»0. 
Dry  OMne  is  decomposed  in  unlimited  quantity  by  the  dry  peroxides  of  mangnnese  ( 
lead,  and  by  black  oxide  of  copper,  theee  ozidos  not  oudf-r^oing  any  alteration  of  wngbt 
by  the  reaction.  It  is  also  decomposed  to  an  unliiuited  extent  by  dry  silver  leaf  or 
filingH.  These  unlimitKl  effeds  may  be  explained  by  the  snceesaive,  or  simultaneoQi, 
occurrence  of  oxidation  and  reduction.  Tlius  dry  silver  leaf  ia  at  first  obvioiuly  oxi- 
di>>ed  by  osooe;  and  tho  oxide  of  silver  so  formed  is  then  reduced,  and  so  on  conseco- 
lively. 

Oaone  is  practically  insolnblo  in  water  and  add  solntioiu.  When  oKonised  gas  ta 
poaaed  through  {totavh  or  soda,  the  firet  portions  are  absorbed,  probubly  from  the 
prssence  of  some  orgnnic  matt«r  in  the  alkuline  liquid,  but  after  a  little  lime,  the  obod* 
passes  through  apparently  unidtered. 

Schonbein  (Ann.  Ch.  Pharm-  cviii.  167)  regards  ozone  as  permanently  negative 
«xyg**n.  He  also  l^el^ev('s  in  the  existence  of  a  permanently  prwitire  oxypen,  or  onfo* 
£tmr',  which  at  pre«eiit  is  known  only  in  combliiation ;  and  considers  that  inoctiTe  oxy- 

—      ♦ 
{en  is  a  product  of  the  union  of  oxone  and  nntozonc  O     O. 

This  idea  of  the  existence  of  two  esf.entially  distinct  varietien  of  o^gen,  which  is  like 
wive  advocated  by  Meissner  {XJntrrsuchungen  uiurr  drn  Stiwrratoff,  Hannover  IMS. 
Jahresb.  1863.  p.  126),  is  founded  chiefly  on  certain  differences  observed  in  tha 
behaviour  of  oxygen  evolved  from  the  alkaline  peroxides  on  the  one  hand,  and  that 
evolved  from  penjxide  of  manpunese  or  peroxide  of  lead  on  Uie  other,  the  former 
exerting  fur  the  most  part  a  reducing,  the  Intter  an  nxidisinp  nrtion.  But  Brodie 
showed  se\-enil  years  ago  (Phil.  Tmns.  1S50,  p.  7o9),  and  hiw  further  demonstraietl  by 
more  recent  experiraenia  (Phil.  Trans.  186.1.  p.  837;  Chcm.  Soc.  J.  xvi.  316).  thnlthe 
[•oHitivoor  negntive  character  of  oxygen  (and  indeed  of  every  other  element)  is  not 
iHfnianeut,  but  depends  esseolially  upon  that  of  the  other  elements  with  which  ii  is 
aMociated  at  the  raoraent  of  chemical  change  (see  pa^e  304  ;  also  iii.  IG8). 

According  to  Meisbner,  ordinary  oxygen  is  rcflolred  by  electrisation  into  osone  and 
anU>Eone,  the  former  of  which  is  absorbed  by  iodide  of  potajisinm,  pyrogallic  acid, 
&c.,  while  the  latter  remains  unubsorbed.  He  finds  that  when  perfexily  dry  electrised 
uir  is  made  to  pass  through  water,  white  fames  nre  produced  on  its  exit  into  the  air, 
and  that  tlie  same  flimes  are  produced  when  the  diy  electrised  air  is  made  to  flow  into 
noist  air.  These  fumes  be  regards  as  a  mechaRical  mixture  of  antozone  with  aqneow 
vapour.  Aecordinf^  to  v.  Babo,  however,  these  fumes  are  for  the  mort  part  produced 
only  in  pnsenco  of  nitrogen  ar  oxidiaiiblc  subctaaccN ;  ho  regarda  iheui  as  conaisting 
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of  MroxidG  of  hydmgeu,  which  'm  known  to  bo  formed  by  the  action  of  osone  on  wat«r, 
either  in  the  liqaid  or  the  gaf(d4>u«  form.  Von  Batlx)  Kino  uaaerts  that  the  pruporlion  ci 
o/^ne  pnxlutiHl  in  air  or  oxygnn  by  eI(>ctr{.<iatioD  is  Lhe  Riimfl  whether  the  electricity 
used  be  positiTB  or  DegatiTe  or  the  two  &lt«rnaU)Jy,  a  result  which  appears  tDcuniiisteDt 
with  the  prodnction  of  two  oppositely  polarised  variuties  of  oxygen  by  elnctriiution. 
MorvoTor  osonisiKl  air  suffers  no  diminution  in  its  umonnt  of  osone  by  passing  through 
M  solution  of  permHn^nic  acid,  wb<>reai:i  »ueh  diminution  alwajra  oeoan  if  the  air  baa 
previnn<ily  l>pen  in  r^ntact  with  oxidisable  substanoes,  which  may  hare  given  rise  to 
[  the  formation  of  peroxide  of  hydrogen. 

Componnds  of  Oxyren. — Oxldea  and   Hydratea. 

Oxygen  may  eut+r  into  pombination  in  rurioiis  wiiy^.  tiiking  the  pluce  of  hydrogen  (in 
the  proportion  of  1  ut.  0  to  2  «t.  H)  in  tho  radiclow  of  c«>n»[)"'Undf  iormed  on  either  of 
the  types,  HCl,  H-O,  H'N,  H*C,  thus  giving  rise  to  oxy-olUoridcs,  oxy-iodide«,  oxy- 
oitrides,  &c.;  but  ttii?  term,  "oxide'*  is  specially  Hpplied  to  L-ompounds  derived  from 
H  dingle  or  multiple  atom  of  water,  fPO  or  n'3'0,  where  part  «t  l**a«t  of  the  oxygen 
orcupiefl  the  pWe  extemul  to  the  mdiLJe.  When  the  hyan.»(:**D  iu  l)»e  type  is  partly 
replaced  by  other  elementa  or  by  compound  radiclrs,  the  resulting  compound  is  a 
hydrate,  biHylouH,  acid  or  saline,  according  to  the  nature  of   the  substituted  ra- 
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^^H"*"!^'  are  acid  hydrates  or  acids ;  ^^^"{o"  and  ^KH^flo*  »"  aaline 
hydrates  or  actd  salts.  If  the  whole  of  the  hydrogen  is  rephiood  by  one  or  more 
r>idicles,  the  retfnltiiig  compound  is  an  anhydrous  oxide,  ba.'«ylou9,  acid  or  saline, 
aceordiug  to  the  nuturc  of  the  radicles  which  enter  into  its  constitution;  Lhos  K*0,  fia"0, 

and  BiK)*  are  basyloua  oxides;  (C'H*0)'0.  (SO')"©  Hud  (F"0)*0*  are  acid  oxides, 
anhydrous  a«ds,  or  anhydrides;  ^^'^|0,  ^^£'/|o«,  ^^f  [{>■  are  aaline 

oxiden  or  neutral  salts. 

It  must  b«  ol>serTed,  howfvrr,  that  the  distinctions  between  baHc,  acid  and  saline 
oxidnfi  are  tu  great  part  merely  conventional,  imtsmmh  as  biisylous  and  chloroiw 
el<  menta  or  raoicles,  and  consequently  basic  and  scid  oxides  and  hydrates,  shade  off* 
ihto  one  another  by  insen«ibb>  gradations,  so  as  to  preclude  the  possibility  of  drawing 
any  ^trict line  ufdi-miimitiou between  them.  StiHlhtTearot-ertainhydnUep  whichhavea 
niiirkefl  t-eodency  to  exchange  their  hydrogen  for  n  chlorous,  acid,  or  electro-negatiTe 
element  orradiL'lp,  these  c*»nfititutinpthe  T«t«ylou«hydmtefl;  while  others  hare  a  decided 
tcn<!<'Di*y  to  exchange  their  hydrogen  for  a  mf-Tallif,  basyloun,  or  electro-positive 
eirment  or  radicle,  and  the«e  constitute  the  acid  hvdnites  or  acids.  The  chemical  op 
eli'ctro-chemical  characters  of  the  anhydrous  oxides  nre>  Jpm  marked  than  those  of  the 
hydrates  ;  nevertheless  some  of  tho^e  c^ntsinine  rudirles  of  decided  acid  tendency  tinite 
nn're  or  loss  readily  with  thuse  containing  radiries  of  np|x>eite  chamctcr,  the  resulting 
rom^ound  Iteinga  t:alt;  thus  s^alphurip  anhydride  .SO",  pawtrtl  in  the  state  of  vapour 
over  mijderjttely  heated  anhydiTius  brirjtu  n;i''0,  uniti-<<  wirh  it  readily,  the  combinatioj 
being  iittendi^d  with  vivid  incande sconce  nnd  forms  i«nl|ihHte  of  barium  Bft"SO*;  in  like 
manner  silicic  and  boric  anhydrides  unite  r<:idily  with  busyluaa  oxides  when  ignited 
in  contact  with  them,  and  expel  carlxjnic  Huhydride  from  carl>nnates. 

The  general  propertirs  of  ncid  hydrates  nnd  oiid<'8  hare  been  already  described  in 
the  articles  Acitis  and  A.Nim)Rii»Ka.  We  have  here  therefore  only  to  speak  of  the  com- 
position and  properties  ot  the  more  busic  or  poeitivc  among  these  compouDds. 

Metallic  Oxidtt  and Hydrciea, 

1.  Oxides  vith  one  attrm  of  oxygm^  formrd  on  (Hf  ti^pe  of  a  sinpU  atom  of  wai^^  H*0. 
—The  alkali-metals,  lithium,  sodium,  potassium. ceesi urn.  and  rubidium,  and 
one  of  the  heavy  metuls.  namely  thallium,*  which  aro  mono- or  proto-eqnivHlent,  th«t 
is  capable  of  replacing  hydrogen — atom  fur  atom — form  mono-  tir  pruto-hydi-aU-H  huviug 
the  general  formul/i  MHO.  Tht'.^e  hydrate«  ure  soluble  in  water,  forming  strongly 
alkaline  solutinns  which  preripiNte  the  solutions  of  all  fit  her  metals,  exrepting  the 
alkaline  earth-roetals,  barium,  strontium,  and  caldum.  Tb*^  hydrates  of  the  alkHli- 
metala  volatilise  Hiightly,  but  do  nnt  decompose  even  M  the  highest  temperatures. 
Hydrate  of  thallium,  on  lhe  other  hand,  bcwjmes  anhydrous  when  hrated  at  lou*^ 
in  the  air»  or  left  over  oil  of  vitriol  at  common  temperatures. 

All   proto-equivalent   metalt!  alt!u  form  anhydrous  protoxides,  having  the  general 

*  ThalHuTQ  fnmanreihtf  oTIti  chetnicsl  relarlraii  exhtbKi  a  OMrkeil  reiemblinct  to  ihr  alkolUniflaU. 
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fonnnla  M^O.  Tu  tliM  gniup  belong  also  the  ULtifUMe  oziJea  of  the  di-cqmnlat  j 
tnetulfl,  incluileil  iu  Ifap  formula  M''0  -,  such  &rr  the  uxidea  of  bariam,  stroatian,! 
calcium,  of  all  the  other  eartti-metiUiiexrppliag  alatDtniam,  and  of  mAU/of  the  bttTjl 
metjihi,  niimdy  linc,  cadmium,  eh  rum  ium.  maDganose.  iron,  nickel,  cob»l^l 
uranium,  copper,  mercury,  lead,  palladium,  platinum,  t i  n,  and  a fsw orbyT\  ' 
Lastly,  there  arc  two  oxides  containing  4  utorus  of  motal  to  I  atom  of  0X7j|ea,TiaJ 
Ag'O  and  Cu*0.  Th«  former  hiw  long  boen  known;  the  latter  wa»  obuiaed  M 
H.  Rose  (Boll.  See.  Chim.  1664.  p.  330]  by  treuting  a  cupric  aalt  with  an  alkftfiM* 
aolution  of  staonons  oxide.  In  theae  oxidea,  2  utouw  of  metal  take  the  place  of  1  tfoa 
hydrogen.  They  are  eaaily  decompcaed  by  acida,  with  separation  of  m^uU,  and  fa 
lion  of  argentic  and  cupric  mIIs  reepectivcly. 

The  protoxides  of  the  alkuli-met^iL  and  of  thallioni  are  deeompoaad  bT  watar,  vitkl 

fonuatiuQ  of  soluble  hydrates  (r.  y.  K'O  -t-  H'O      >     2KH0) ;  the  oxidoa  of  buioai,  f 

I  •trontiura,  und  oalciam  unite  diroctly  with  water,  aim)  forming  soluble   hydrates  («,  y.  I 

lBii"0    +    H'O     »     Ba"H'0*V     Ail  other  protoxides  nrv  insoluble,  or  nearly  so.  luJ 

i  for  the  most  port  unjilterca  by  water  ;  the  protoxides  of  magneaiozn  and  lead,  bw-i 

^erer,  are  slowly  converted  by  water  into  hydrates.      Protoxidea  and  protohydntisl 

am  decomposed  by  most  acids,  with  formation  of  salts,  and  elimination  of  1  atom  <if  J 

Wttter:  e.  tf. 

KHO     +       HCl        -        irO     +       KCL 
TIO        +     2HC1         «         H-0     +     2T1CL 
Ba"0      +     2Ha         -         HH)     +       Ba-Cl* 
Ba'O      +       H«80*     -        H'O*    +       Bft"80*. 

2.  Oxideg  and  Htfdrat^t  containing  tufo  atoms  of  Oxygen,  formed  on  tJU  type  0/4 
double  atovt  of  tttittr^  H*0'. — This  group  ioclodes : — a.  The  hydratea  of  the  di-njsi- 
Talent  mutals,  barium,  calcium,  lead,  copper.  &&.  r.y.  ba^rtic  hydiste  SallV*. 
cupric  hvdrate  Cu'H'0^  stunuuus  hydrate  Sn'R^O'.  The  hydrates  of  barium,  ■tmuti— 
and  calaum  are  soluble  in  water ;  the  rest  are  inBoluble  or  V017  slightly  soluble,  as  hydnrts 
of  lead.  All  these  hydrates  are  dooomposed  by  beat  into  mctHllic  oxide  and  water;  but  Ib« 
degree  of  heat  required  to  effect  the  ohange  is  different  in  each  particular  instaoe^. 
Thuji,  cupric  hydruto  is  decomf >oard  at  a  tempenituro  below  that  of  boiling  water,  whepess 
hydrate  of  odcium  requires  a  full  red  heat  to  reftulveit  into  quicklime  and  wator.  Tbm» 
hydrates  arc  decompoaed  by  ucids,  with  formation  of  salts  and  elimination  of  2  at.  waftrr: 
Bo"IPO'  +  2Ha  -  2H«0  -»-  Ba"Cl» 
Cq'H'O*     +     H*SO*     -       2H'0     +     Cu-SO*. 

$.  The  anhydrous  fwlifiuble  oxides  of  tetra-equivslent  metala,  ^.y.  sirconiaZr'^\ 
thorina  Th"0',  stannic  oxide  8n''0\  platinic  oxide  rfO",  and  the  oorrc** 
ponding  oxides  of  the  other  metals  of  the  platinum  group;  also  titanic  oxide  Ti"0*. 
tantalie  oxide  Ta''0',  niobic  oxide  Nb'''0^  and  tne  dioxidesof  molybdeuDBu 
tungsten,  and  vanadium.  All  these  dioxides,  excepting  those  of  titanium,  tau- 
talnn],  and  niobium,  hare  more  ur  I<w8  of  a  baaylous  choikcter.  and  are  converted  into 
salts  by  the  action  uf  acids;  but  they  all,  excepting  those  of  molybdenum,  tungsten  and 
Tdinadium,  Ukewise  exhibit  the  characl-  r»  uf  acid  oxidea,  and  form  sulta  with  tlie  more 
ba**yIous  oxidffl.  In  the  K«me  group  of  noid  oxidea  may  fdso  bo  included  the  dioxides 
of  certain  semimetallic  elements,  namely  silicic  oxide  or  anhydride  8iO',  atl* 
enious  oxide   Se'*0',  and  t el  1  urous  oxide   Te"©". 

7.  Certain  double  orauliiie  oxidi-s  in  which  half  the  hydrogen  is  replaced  by  2  atoms 
of  a  mouo-cquiralenr,  und  half  b^  I  utomof  adi-e4iuiv!ilentmotal.emchas  potassium^ 
xinc-oxide  K'Za'O',  plaiinite  of  potassium  K'Pt''0',  stannite  of  aodiusi 
Ku^n"0-,  &c. 

8.  Id  addition  to  the  acid  and  basylous  dioxides  above  mentioned,  there  us 
certain  other  oxides  with  two  Htonis  of  oxygen,  possessed  of  very  different  propoztia. 
In  these  last,  dioxidrs,  typified  by  peroxide  of  hydrogen  H'O^  the  second  atom  of 
oxygen  wrma  to  l>e  retained  on  a  vrry  uncprtain  tenure.  Oxides  of  thu  deacriptioa 
are  n8<  hIIv  t«niii*d,  peroxidf^s,  to  di^itingiuNh  them  from  the  salitiable  oxides  alreadr 
conM^eiva.  These  ppruxide«  dn  not  fonn  any  corresponding  chlorides,  or  corresponding 
salte  in  gpnemi,  but  when  a^-ted  upon  by  hydrochloric  acid,  thoy  evolve  either  peroxidt 
of  hydrogen  or  clUoriiie,  thuH: 

BaO*     +      2HC1       -=       H»0'     +     Ba"Cl« 

MdO»    +     4HCI       -     2H«0       +      MnXl'     +     CI*. 

The  peroxides  of  barium,  struutium.  calcium,  pota^uiom,  and  sodium  have  a  tendency 
to  produce  peroxide  of  hj,drugeij ;  whiU-  the  p<roxidoa  of  the  lees  ba«y]oQa  metals, 
mangauetie,  bwd  and  silver,  have  a  tendtincy  lo  produce  chlorine.  Iu  accordance  with 
thpfio  diff'iiTi-iit  tendencies,  the  uJkaline  peroxides  arn  found  to  rxcrt  in  many  ntti*t  a 
reducing  acriun,  like  peroxide  of  hydrogen  (iii.  198),  whereas  thfi  peroxides  of  lUB- 
ganeae,  lead  and  uilvor,  agi  more  geuerdlly  a«  oxidising  ageota;  and  henc^  it  has  been 
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,  ^^-.-vd  by  Sebonb«in  and  others  (p.  302)  tliat  the  oxygen  in  tbf  alkaline  peroxides 
^■■Mtitially  eldctro-positive,  wbereaa  that  in  noruxide  of  maiiganese  &c.  is  osaentially 
negative.  Theaediffereocea.howortT,  arenot  realty  ptirmaQect  undestH'nLial,  bat  vary  with 
the  conditionfl  iindor  which  the  second  atom  of  oi^'gen  iB  sot  frpe.  In  the  first  place,  all 
peroxides  aliko  evolve  chlorinu  (i.  f.  exert  an  oxidising  action)  when  heated  with  itrong 
njdrocKloric  acid. — 2.  An  acid  itolutioDof  peroxide  of  hydrogen  converta  ferrocranide 
into  ferricyanide  of  potaamum.  wheroaa  an  alkaline  peroxide  mixed  with  an  alkaline 
or  ueutra)  solution  of  the  forricyanide  reduoen  it  to  ft^rrooyanide. — 3.  An  alkaline  solu- 
tion  of  peroxide  of  sodium  added  to  a  nunganous  salt  forms  hydrated  pttroxide  of 
manganew;  whereas  an  arid  solution  of  peroxide  of  hydrogen  mixed  with  perman- 
ganate of  potauimn  erolres  oxygen  and  forms  a  mangaoous  salt. — i.  An  alkaline 
solution  of  peroxide  of  aodinm  oxidiaeti  liiialkalioe  nolatioa  of  chromic  oxidn,  convorting 
it  into  chromic  acid,  wh^rea^i  acid  solutions  of  peroxide  of  hydrogen  (or  of  the  alkaline 
peroxides)  reduce  chromic  acid  to  chromic  oxide(Brodie,  Cbem.  Soc  J.  xvi.  333;  see 
also  i.  856  and  iii.  198).  All  peroxides,  also,  whether  of  the  more  or  leaa  baaylous  sub- 
groups, alike  yield  oxygen  ana  a  protusulphatu  when  acted  upon  by  stfong  salphane 
acid; 

R»0«     +     H^0«     =     H»0     +     0     +     Ba"SO<. 
MnO»    -1-     H'SO*     «     H'O     +      0     +     >In"SO*. 

The  oxygen  evolved  tmm  rhe  above  reaction  with  peroxide  of  barinm  is  highly 
OKOnic,  and  that  imta.  the  reaction  with  peroxide  of  manganese  appear*  to  contain  a 
trace  of  ocone. 

These  peroxides  might  also  be  classified  as  a  distinct  group,  and  represented  by  a 
difitinct  act  of  formula,  thus: 


E-0 

0 

Peroxide  of  hydrogen. 

BaO 

0 

Na'O, 

0 

Popoxido  of  sodium. 

MnO 

0 

K^O 

0 

Peroxide  of  potassium. 

PbO 

.  0 

CaO  , 

0 

Peroxide  of  calcium. 

Ag»0 

0 

8rO    . 

0 

Peroxide  of  Btrontiura. 

Peroxide  of  barium, 
peroxide  of  manganese. 
Peroxidu  of  load. 
Peroxide  of  silver. 


We  flad,  however,  that  altboogb  non-aaHfiable  as  a  rule,  yet  under  certain  circum 
stances,  some  of  these  oxides  can  act  as  if  aalifiable.  Thus  the  peroxides  of  manganese 
and  lead  are  capable  of  dissolving  in  acetic  acid  to  form  diacetatea.  Moreover,  the 
acknowledgt^l  .salifiable  dioxide  of  palladium  manifests  mnny  of  the  properties  of  a 
peroxide.  Whence  it  si^ems  that  the  difference  bctveen  a  salifiable  dioxide  and  a 
neutral  peroxide  is  rather  a  difierencoof  habit  than  of  essential  character;  and  this 
Tiew  is  confirmed  by  a  consideration  of  the  peroxides  with  three  atoms  of  oxygen  be- 
longing to  the  next  gruup.  Most  of  the  aoove  peroxides  can  exist  in  the  hydrated 
state,  but  whether  or  not  the  water  exists  as  a  separate  constituent  bos  not  been  satis- 
l^torily  ascertained.  Some  oxides  also,  having  the  formulae  of  }-oxidf*9,  have  the 
characters  of  peroxides.  Thus,  red  oxide  of  lead  has  a  formula  corresponding  to  that 
of  black  oxide  of  iron,  but  the  two  bodies  behave  very  difffrentiy  when  treated  with 
acids.     The  former  breaks  up  in  aci^ordance  with  this  pquation : 

NDn-iailAtbVa 
Pb"0^     =.     2Pb"0     +      PbO»; 

the  lattw  in  acc<»^nce  with  this : 

Shlfflable. 

Fe'O'     =     Fe'O      -t-     Ifc'O". 
3.   Oxuifs  Vfiih  thrte  atnm4  of  Oxi/gen,  f»rm«d  on  tks  type  of  thrn  aiams  of  watfr, 
H^O".     a.  la  this  clasa  are  included  salifiable  trioxides  and  trihydratee.     The  moat 

basylous  of  the  trioxides  are  alumina  Al'O',  ferric  oxide  re'O',  chromic  oxide 

Cr*0",    cerio  oxide  Ce'CV,  and  trioxide  of  bismuth  Bi'O".     In  the  trioxides 

of  gold  and  antimony,  Au'O*  and  Sb*0"  respectively,  the  chloroos  and  basyloua 

functions  are  pretty  equally  balanced,  while  in  trioxide  of  arsenic  As'O' the  basyloQS 
eharacter  is  scarcely  to  be  recognised.     This  last  trioxide  is  sparingly  soluble  in  water, 

bt'ing  converted  by  solution  into  its  convRponding  hydrate  or  acid,  thus:  As*0'  +  3H'0 
=  2H'A«»'"0». 

The  more  bnsyloua  trioxidra  are  practically  insoluble  in  water.  They  all  form  hy- 
drates, among  which  (he  aluminic,  ferric,  chromic,  and  ccjic  hydrates  arc  represented 
bv  the  general  formula  H'M"'0'.  Those  normal  hydrates  are  somewhat  UDstable, 
CBpeciallv  on  the  applii'iition  of  heat,  whereby  ihoy  lose  water  and  are  reduced  to 
the  type'KM'"0\  For  example,  IFFe"'0'  when  dried  at  120'='  loses  H'O,  and  becomes 
HFe^O'      Hydratp  of  bismuth  when  first  prt^ipiutted    has  prohably  also  the  oom- 
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pijuilioii  WRTO'.  Ijul  by  drjiiig  it  loses  I  at,  witer  and  in  ivJured  to  ffBi"0* 
ft  further  up|jlication  of  bent  these  hjdrates  ore  reudtired  anhydrons.  thus : 

2H«Fr"0"     -     SHK)         «         Fe'O*. 
Th«  basylouB  frihydnitf^s  are  all  rr&dily  soluble  in  adds.     Thp  trioxidea  of  •ImnuoB^ 
iron,  chromium  and  corium  exist  in  sereral  diffcnnt  iiiodifi(*ationa,  some  of  wbkfaBi 
I  rciidily,  others  scarcely  at  all  acted  upon  by  acids.  Bat  all  salifiable  oxides  and  fa; 
with  three  Afoms  of  oxygnn,  when  drcompoaed  Irjr  acids,  yi^ld  corresponding 
eliminate  three  atoms  of  water,  thus: — 

BTk)«      +     6Ha         -         SITO     +      JBi^CI" 

n*Aro»    +    snci      -      airo    +     Arci*. 

fi.  Certain  trioxidt-s  have  the  chamet^rs  of  peroxides ;  that  is  to  say.  vhe&  adtsi 
upou  by  acidit,  they  do  not  funn  trisHlts  but  nrotoMlts,  and  simult&neoaalj  rrohf 
oxygen  or  rhlorinr.     Tlie  trioxidcs  of  cobalt  and  nickel  Co'O"  and  Ni*0"  respectmJy, 

t  Are  as  dccidc^lly  pnroxidps  as  the  dioxides  of  lead  and  barium.       Th^  trioxide  ofvux^ 

^^anosc  is  iotermediatA  in  its  properties,  and  serrrs  to  connect  the  luUiftable  oxidtfif 
cbiMmium  and  iron  vith  ihe  indifferent  trioxides,  or  peroxides,  of  nickel  and  eofasfa. 
Thns  it  disAolTGs  in  cold  hydrochloric  acid  to  form  an  unatablo  hjdrated  trirJiIrirvW  ef 
manganese :  — 

MnH)"     +     6Ha       -       3H»0     +     2Mn"'a". 
Bat  when   heated  with    hydrochloric  acid,  it   forms   dichlortde   of   manganeas  sal 
chlorine : — 

Mn-0"     +     6Ha       -       8HK)     +      'iMn'Cl'     +      CIK 
>    Certain  oxidns  with  three  atoms  of  oxygen  react  in  a  very  peculiar  manner  ¥iti 
acids,  as  if  tvo-thirds  of  the  nxyj^n  were  retained  by  the  metal  on  a  more  intinatc 

I  footing  than  the  remainder.  Trioxido  of  uranium  U'O*,  is  the  moRt  ntrikinQ  m««absr 
of  this  class.  Tu  judge  from  iUi  reactions,  it  would  seem  to  be  the  protoxide  of  la 
oxidised  radicle  U^O*.  playing  the  part  of  a  metal.  Thistrioxide  might  be  l^preseoted 
by  thf  formula  (TJ^OTO,  nnalogouft  to  thnt  of  protoxide  of  copper  Cu"0,  in  vfaiehtht 
compound  radicle  U'O'  plays  the  part  of  metallic  copper  Cu.  Certain  it  is  that  Lbt 
gruupin^  U'O'  is  capable  of  being  transferred  from  one  compoond  to  another  in  a- 
chuiige  ibr  an  atom  of  hydrogen  or  its  represent ative,  precisely  as  ia  the  metal  oopps', 
thus:— 

Cn'O     +      2n>'0»       «       H'O     +     C«'(  NO«>«. 

(inO'^O     +      2HN0»       =       H'O      +     (U*O07NO")». 

In  a  similar  manner,  the  trioxide  of  antimony  occaaionally,  and  the  trioiide  of  one 

I  more  rarely,  react  as  if  their  respective  formulie  were  (Sb*0»i"0  and  (Fe"0*)""0.  h 
many  ahiminouii  itilicat^a  also,  the  trioxide  of  alominium  Al'O*,  appears  to  fanctioa  ai 
m  protoxide  of  alnminyl  (A1*0')"0.  The  peculiarity  of  the  trioxido  of  uranium  is  that 
it  never  act«  as  a  ^aliHable  trioxide,  but  always  as  an  oxide  of  uranyL  Oxide*  behaTiof 
in  the  ahoTe-drscrilted  manner,  were  termed  by  Laurent  basyl-oxides,  and  their  com- 
sp'tnding  units  baKvl-sults. 

4.  Oxides  wUhfonr  atoms  of  Oxptjm,  Jorwrd  on  the  type  H*0*.  The  only  knom 
anhydrous  oxide  belonging  to  thin  type  is  the  tetroxide  of  osmium  O9O*  (p.  %4$y 

Thf  hydmtefl  correeponding  to  thn  dioxides  also  holong  to  it:  *.  ff.  stSDoif 
hydrate  n*Sn"0\  palladic  hydrate  HTd"n«.  platinie  hydrate  HTt**©*: 
hIao  certain  double  or  fcalino  oxides  containing  tetratomic  metals,  e.  ff.  stannate  of 
sodium  Na*Sn"0',  platinate  of  potassium   K*Pt"0*,  &c. 

The  trpn  H'O*  also  ini:1ndea  the  lar^  daas  of  oxides  known  as  f -oxides,  compoondi 
in  which  6  atims  of  hydrogen  are  replaced  by  2  atoms  of  a  tri-eqni Talent  metal, 
while  the  remaining  two  in  the  type  either  remain  or  are  replaced  by  one  slon 
of  a  di-equivalent  metal.  Examph^  of  these  compounds  are  furnished  by  mag- 
net ie  ox  ideof  iron  Fc''(Fe"")»0*,  ehrome-ironFe"(Co'^*O*,redleadPb"(Fb'')«0*. 
red  oxide  of  manganese  Mn"(Mn'")'0*,  &r.  5tome  of  the  native  |-ozidM  ai« 
very  slowly  attiick'Kl  by  acids,  but  all  of  them,  when  decompcsod  by  acids,  forra  atlls 
corresponding  to  the  adda,  with  elimination  of  i  at.  water  for  each  atom  of  oxide  dc^ 
composed :  f.  g., 

Vtri¥fr)H>'     +     8HC1       »       4E'0     +     Fe-Cl'     +     2Fe"Cl». 

Oxif^ei  ynth  fiv*  of oni$  of  oxyf^^ti,  formed  on  the  ti/pe  H'*0*.     To  this  type  bde^ 

the  pentnxidee  of  bismuth  Bi^*,  antimony  Sb'O',  and  arseoic  Aj8*0',  all  of  whidi  an 

of  acid  rhnracter.     The  last  is  easily  soluble  in  water,  the  other  two  are  imflteble. 

f  With  thp*fe  oxides  may  also  be  classed  phosphoric  anhydride  PO*.  and  nitric  ulff^ 

dride  N'O*. 

The  same  metal  may  give  origin  to  many  different  oxides  and  hydrates,  as  tOBtuotd 
particularly  by  maaganese.     The  protoxidt >  and  protobydrates  are  the  most  si 
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Imrt-loas,  snd  tht^n  follow  thf>  tn'oxMM.     Thf*  add  <?hiini(*t«ni  of  th^  hydnit«8  inereaM 
frith  th«  relative  proportion  uf  uxjgcn  which  they  contain: — 


HMq"0« 
H'Mn'*0* 


Mangunous  hydrftt« 
Haogfvaic  hyorato 
Manganic  acid 
Permjinganic  acid 


MdO  Frotozida 

Mn'O*  ?-oxide» 

MnK)*  Trioxide 

MnO«  Pproxide 


The  relHiioDs  of   rhf«  principal  claMea  of  chlorides  and  salifiAblo  oxidM  to  on« 
aaothfr  are  abown  in  tiie  following  table : — 

KCl 

Ba^Cl' 

era* 

IrCl*? 


Protoxide* 


Dioxide 
Trioxide 


Protochloride 

Dichloride 

Tetrachloride 

Trichloride 

Hexchloride 
Oaonrrmce  and  formation  of  Mftallic   Oxid*: 
liatiTe.     The  principal  of  these  are  oertain  oxides  of  iron,  naraely,  ti 
known  as  red  hflemutitc  or  oUgiate ;  the  hydratcd  trioxide  HFe  0', 


Oxtfr. 
K'O 
Ba'O 
8n'»0« 
Cr"0« 
IrO« 
Some  metallic  oxides  are  found 
the  trioxide  Fe'O", 
known  aa  brown 
bKmatite  or  brownstone;  tlie  |-oxide  Fe''(Fe'*')H)',  known  as  magnetic  iron  ore,  and 
certain  oxides  of  mangnnese,  niiraely,  the  peroxide  SfnO^,  known  as  p^'rolnsite,  and 
•^TfTal  rarer  oxidee,  including  the  trioxide  or  hninntte  Mn'-'(>*,  thn  hydmted  trioxide 
or  manganite  H(Mn)'*'0\  the  }-oxidf^  or  hauAmanite  Mu''(Mn'")'0'«  and  an  oxide  of 
peculiar  composition,  known  as  varricite.     The  principal  eource  of  tin  is  the  natire 
dioxide  SuO'.  or  tinstone;  of  chromium,  the  native  double  oxide  of  chrome  nod  iron, 
or  ehrome-iron  ;  and  of  umniuin,  the  native  J~oxide  U"(U'")*0*,  or  pitchblende.     Tri- 
oxide of  utumiuiuro  A1H>",  occuranalivA  in  the  forms  of  ruby,  sapphire,  and  corundnm  ; 
nnd  combined  with  oxide  of  mugnesium  in  ipinelle  Mi?''(Al"'>*0*.     Moreover,  native 
alnmina  and  nalirc  mtigneAiii  occur  in  the  hydrated  fitatn,  the  former  aa  dianport*,  the 
latter  aa  brucite.     Native  trioxides  of  antimony  and  bismulii  bare  b«-en  occasionally 
raft  with,  as  have  also  the  two  oxides  of  copper.     Dioxide  of  tituaiam  ia  found  native 
ua  ruHle,  brookite,  and  &natat!«. 

Metallic  hydratea  are  obtained  artificially  by  the  following  procesaes :  a.  The  solubl# 
hydrate*  of  cjilcium,  .^troolium,  and  barium  orr  usually  prepared  by  the  action  of  watat 
upon  the  anhydrotu  protoxides.  The  soluble  hydrates  oflitham,8ddinm,  and  notasaium 
might  be  made  in  a  similar  way,  bnt  in  practice  thpy  are  always  obruined  by  aecompoa 
iniTBolntions  of  their  carbonatee^  sulphiitt'S,  or  sulphydratea  by  other  baaea.  Thuathecar- 
booaie  of  alkali-metal  is  usuAlly  decomposed  by  lime  or  baniu,  the  sulphate  by  baryta, 
and  the  sulphydmre  by  oxide  of  copper.  Hydmte  of  bannm  likewise  is  frequently 
made  by  deoompoKing  the  sulphide  or  sulphydrate  of  barium  with  oxide  of  copper.  The 
aix  ffoluble  hydrates  also  nijult  from  the  actiou  of  water  at  ordinary  tt^mperaturea  upon 
their  retfpective  metals.  The  initoluble  salifiable  hydrates  are  prepared  by  decomposing 
aome  or  other  of  their  Halts,  with  the  above  soluble  hydrates,  or  with  ammonia,  or  in 
some  caars  with  magnesia.  Moreover,  the  carbonates  of  the  corresponding  banyloua 
neUila  may  be  substatuted  for  the  above  hydrates  to  precipitate  those  hydrated  oxides 
which  do  not  readily  combine  with  carbonic  anhydride  to  form  carbonates,  thus: 

Sna»       +       H^O     +       Ca-CO'         =       Ca'Cl*       +     H^n^O*       +       C0« 
2FoCl'       +      3HK)     +     3Ca"C0'        -       SCa'a*     +     2H»Fo'"0«     +     3C0«, 
And,  in  a  few  cases,  water,  especially  boiling  water,  may  be  substituted  for  the  alkali, 
thus: 

Bi"(NO')"     +     3H=0       =       3HN0»     +     H^Bi'^O". 

Nitrate  of  tellurium  is  decomposed  by  water  in  a  somewhat  similar  manner. 

The  hydrated  peroxides  are  osually  prepared  by  adding  water  to  the  anhydrouF  per- 
oxides of  the  highly  basylous  metals  ;  or  by  precipitatiu^  their  soluble  salts  with  per- 
oxide of  hydrogen ;  or  by  passing  chlorine  gaa  tbruugh  the  protoxides  of  the  heavy 
metals  soipended  in  water  or  alkaline  liquid : 

Cl«     +     2KH0     +      2CoO       =       2KC1      +      Co>0«H^. 

The  protohydrates  of  iron  and  maoganeae  absorb  o^gen  from  the  air  to  form  their 
respectiTfi  setiqni  hydra  tea, 

*  The  rsranl  aliertitnni  \n  Iht  slomlc  wctRhti  of  lh«  nisuli  (Ml.  9&7)  hiT« nefeM'tjiled  e»rrM|Hiri(!(nf 
atterattoni  tn  thr  nnmi'nclnture  or  oKldR«.  ihrtn  cM>ni^iinrt*  bping  nr'w  ra11<-d  prf>t>>-  ('ir  mono-),  d^.. 
or  tri-oxidet,  »trn]>ly  Jtcconling  tothe  numb-er  nf  oxt^grn-Htomi  nhicl'ithtv  rnnuJn,  ami  the  prnro-«nd 
tr*-o«f(lPt  h^tnit  tUnilugiifihtil  sidi-  or  mnn'^-melKllIc,  Jirrordtnjj  V^  th^Tnimbrr  of  »tmTi>  o''mi'i]il^iiort- 
■trtl  with  the  oxygen;  tjt.,  K'O  =  dipotiirlc  uxtdc;  fi4"U,  inano-barjiic,  or  iioiplf,  bxrytlc  oaiUr; 
Cr'O*  =  dirhromtc  :r(o»idr  ;  rr<V  chr«imtc  tiinxide.  Thr  <1lmfti»Ill''  tfiox'flei  (nl'imlna,  for  eKwm* 
ptel  wcfc  rcpfr»«nt4^  acconlinfc  t«  the  fcrmer  syHerri  of  Ktoiotc  wetKht*  ((.  46*)  by  Ihe  lomula  M*0* 

aodc4lled  tct^uirtAldii.    (See  NoHSNCLArvas,  p.  I3-1.] 
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fl.     Anhydroos  oxides  arc  frequentlj   prrpaivtl  bjr   dirwtljf    oxidising  Ibe 

Many  oxiilea,  eepeciiilly  tliose  of  vuUtile  metitlii.  arsiuic,  xinc,  cadmiam,  and  maceggr^t 
for  insUncp,  are  obtHiut*d  by  .simply  hpttting  the  Diptaia  in  oir  or  oxygen-  IV^usi^ 
of  lead,  a  readily  fubibie  oxidp,  i.«  made  mmmprcially  by  ro.isting  the  meUil  ii)Ac«m«( 
of  air.  Black  oxide  of  iron  is  well  knovn  id  the  form  of  «mithy  ecales,  u  A  ffodaci 
of  th«  ignition  of  iron  in  tlii>  atmo9pber« ;  and  the  two  oqudc«  of  oopp^r  mxy  fc«  aadi 
in  ft  similar  manner.  Homtriniet^  a1»o.  metallic  oxides  result  from  the  dirr^  aAMt 
Of  oiygeD  upon  certain  compounds  of  the  mftals.  Thus  arsenioua  oxide,  and  the 
mixed  oxides  of  iron  und  copjwr,  hpp  prrpart^  by  roastinjo^  mptaJiic  sulphides  inctflaj  tf 
iJie  reguline  mrtata.  Agiiin,  peroxide  of  «ilvor  is  made  by  acting  upon  nitrate  oftilnt 
with  na«T»^nt  oxygen  erolved  fn^m  the  positive  plate  of  the  hitterr.  Manj  oxidc«,pi^ 
cured  in  vjirious  way?,  are  wnvcrted  into  their  nigher  oxides  by  ignition  in  a  amttt 
of  oxygon  or  of  uir,  its  is  thi*  ciwe  with  peroxide  of  bariom  and  red  oxide  of  lead,  far 
instance.  lu  tliui  direct  iur>de  of  oxidation  the  uxyj^n  is  frequi'utly  supplied  hytatte* 
of  some  oxidising  compound.  Thu8  the  oxides  of  tin  and  aiitimoDy  are  readily  intui 
by  acting  upon  the  repppitire  mftals,  or  their  wiiphidea,  with  strong  nitric  arid;  tad 
many  oxides  are  procured  by  fusing  the  metals,  or  tht*ir  sulphides,  with  nitrr.  ^ 
thiB  last  metliod*  the  resulting  oxides,  if  at  all  uf  an  acid-forming  character,  appw  a 
the  state  of  potassium-aalts.  Many  roetala,  eiiptt:iaUy  at  a  red  heat,  are  na£i; 
oxidated  by  water  or  steam, 

y.  Some  oxides  are  made,  not  by  oxidation,  but  by  redaction  of  their  superioroxMWa. 
Thus,  the  |-oxide  of  manganeee  is  made  by  ipniting  the  peroxide.  Trioiide  of  chft^ 
mium  is  mode  by  igniting  chromic  acid,  or  the  chromates  of  the  volatile  metu^ 
mercury  and  ummoniuro.  Capronif  oxide  is  made  by  reducing  cupric  oxide  ntk^ 
nieiallic  copper.  Dioxide  of  timgsten  is  made  by  reducini;;  tun^tio  anhydride  is  t 
corrcnt  of  hydrogen.  Sometimes  the  hydrogen  resulting  from  the  decompoaition  tf 
ammonia  effects  the  reduction.  In  tins  way  the  igiiitiou  of  molybdate  of  am: 
yields  protoxide  of  molybdenum. 

S.  One  of  the  most  common  methods  of  preparing  anhydrons  metallic  oxides 
in  heating  metallic  hTdrutes,  carbonHrf>s,  oxalates,  nitrates,  and  sulphate*.  NaaririU 
metallic  hydrates  yield  metallic  oxide  by  exposure  to  a  degree  of  hent  vairiag  from 
below  lOO*'  to  full  redness.  The  hydrates  of  potassium,  sodium,  and  lithium  are  aoC 
decomposed  by  heat,  but  can  yield  their  corresponding  oxides  by  treat  mpot  with  iJiMr 
reapectiTe  metals;  NallO  -h  Na  -  Ka*0  -i-  H.  All  metallic  carbonate^ 
excepting  those  of  barium,  potassium,  sodium,  and,  to  some  extent,  h'cbian,  art 
decomposed  by  heat  and  yield  metallic  oxides.  Quicklime  or  protoxide  of  calctun  ii 
made  in  this  way  by  the  ignition  of  chnik  or  carbonate  of  calcium.  The  oxides  of 
nickel  and  cobalt  are  fn-quently  prepared  by  igniting  their  oxhiates;  thoae  uf  barioia. 
copper,  and  mercury  by  ignitmg  their  nitrates  ;  and  thoae  of  iron  and  alomininni,  bj 
igniting  their  sutphatr-«. 

Oxides  arf  for  the  must  part  opaque  earthy  bodies,  destitute  of  metallic  Inatre.  Witk 
the  exception  of  the  peroxides  of  silTer,  lead,  and  mungnnese,  they  aro  non-conducton 
of  electricity.  Tho  n<nt*itie«  of  mptallic  oxidea,  aare  of  the  highly  busylona  oneSk  •» 
usually  lowtT  tbun  thu»e  of  the  metab*  thcmselTos.  Some  nutirc  oxides  are  extrrmrl^ 
hard.  This  hardnfsa  grewtly  exceeds,  bat  otherwise  bears  no  relation  to,  the  bardnew 
of  the  corresponding  metals.  At  orrbnary  temperatures,  all  metalhc  oxides  occur  in 
tlieaulid  ^ttite.  The  majontv  of  them  are  fusible,  those  of  lead  und  bitdnuth  at  a  k>« 
red  bent,  those  of  copper  and  iron  at  a  whitp  heat,  those  of  barium  and  aluiniaium  io 
the  oxyhydrogen  blowpipe,  but  tlmt  of  calcium  ut  no  temperature  to  which  it  bu 
hitherto  been  siibjn'ted.  Unlike  the  compounds  of  metal  with  chlorine,  whidi  4Pe 
much  more  fusible,  the  compounds  of  melAlji  with  oxygen,  except  indred  the  hiuJt 
oxide  of  iron,  the  trioxide  of  chromiiim,  and  the  irioxide  of  molybdenuin,  are  much  itm 
fusible  than  thr  nncombined  metals.  Tt^troxide  of  osmium,  trioxide  of  araenie  tod 
dioxide  of  trlturium  are  readily  volatile. 

A  grcHtrr  or  less  degree  of  heat  fffecte  the  decomposition  of  many  metallic  oxidm 
TU'we  of  fiold,  platinum,  ailTcr,  and  mercury  are  reduced  to  the  reguline  state  byanind- 
pient  redhBaU  Ataaoroewbat  higher  temperature,  theperoxidesof  barium,  cobalt, nidtfl 
and  Ifud  are  reduced  to  the  state  of  protoxides;  whilcthc  the  j-oxidesof  manganeeeaJid 
iron  result  from  the  exposure  of  the  dioxide  and  trioxide  respectively  to  aatiUa&ronpff 
degree  of  heat.  By  gentle  ignition  arsenic  anhydride  is  reduced  to  the  state  of  aiwo- 
ious  anhydride,  and  chromic  anhydride  to  the  (-tate  of  trioxide  of  chromium. 

The  superior  oxides  of  the  metals  are  readily  reduced  to  a  lower  state  of  oiidatien 
by  treatment  with  a  current  of  hydroffen  gas  at  a  more  or  less  elovalod  tempemtnre. 
At  a  high«^r  degree  of  heat.,  hydrogen  cms  will  tranfforra  to  thf  repiline  state  all  metallic 
oxidts  except  the  trioxidei.  of  aluminmm  nnd  chromium*  and  the  protoxides  of  nao- 
ganesn,  mnenesiiun,  barium,  strontium,  calcium,  lithium,  sodium,  and  potassium.  Thi 
lempenituro  necessru^-  to  enabl^'  hydrogen  to  effect  the  decomposition  of  some  oi 
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eoropaTHtirely  low.  Thai  erm  melitUii!  iron  may  be  rt^uced  from  its  oxide*  by  hyilro- 
gen  gm  at  ah*'at  ooniridi*nibIy  below  rednew.  90  «■  to  form  an  iron  pyropboms.  Carbun, 
at  a  red  or  white  hcatf  in  11  still  more  powerful  deoxidating  agent  than  hydrof^en,  and 
seems  to  be  capnble  of  complet<'lj  reducing  all  meTaUic  ojudes  whataoerer.  In  the  re- 
duction of  metjillio  oxiden  by  carbon  at  a  high  tempemtDre.  carbonic  oxide  in  alwayi 
produced,  the  reducing  power  of  which  gas  ulao  ia  extremely  great.  The  oiiduat^e 
vietais  in  general  act  aa  reducing  a£;eata.  As  a  rule,  the  more  basyloua  nictols,  vhtrn 
heated  with  the  oxides  of  Ich^  bas^'loaa  metals,  reduce  the  latter  to  the  reguline  state. 
Hiuiy  inferior  oxidoa,  cnprous  oxide  for  initanoe^  are  mada  by  roduciiig  the  liigher 
oxides  with  metid. 

With  the  exopptioD  of  the  oxides  of  the  earth-metals,  eKUmne  decomposer  all  mo- 
tallic  oxides,  uniting  with  the  metals  to  form  chlorides,  and  exprlling  the  oxygen. 
With  oxide  of  vilvor  this  roACtion  takes  place  at  ordinary  tempcratureti ;  with  the 
alkalis  and  alkolino  earths,  at  a  full  red  heat.  The  octiuu  uf  chforinc  upon  metaJlio 
hydrates  and  moiat  metidlic  oxides,  to  form  metallic  chlorideti  and  either  hypochlorites 
or  peroxides,  has  been  already  described. 

StJphar  at  an  elevdled  temperature  can  decompose  most  metallic  oxidea  With 
many  oxides,  those  of  silver,  mercary,  lead  and  copper,  fur  instance,  metallic  sulphides 
and  sulphurous  anhydride  are  produced.  With  the  highly  basylous  oxides,  the  pro- 
ducts are  metallic  sulphate  and  sulphide.  There  are  some  oxid(*fl  mvou  which  sulphur 
exerta  DO  action.  Of  thesrtho  priacipal  are  magnesia,  alumina,  chruraic  oxide,  and 
th«  stannic  and  titanic  anhydrides.  By  boiling  sulphur  with  soluble  hydrates,  mix- 
tures of  potynulphide  and  hypoiulphite  are  produced.  With  the  exception  of  msgnesia, 
alumina,  and  chromic  oxide,  most  m«^taUic  oxides  can  absorb  sulphuretted  hydrogen, 
to  form  mptallic  sulphide  or  sulphydrale  and  water. 

The  action  ot  pkotphorus  upon  metallic  oxides  is  very  analogous  to  that  of  snlpbar; 
it  usually  produces  a  mixture  of  phosphide  and  phosphate.  Like  sulphur  it  does  not 
react  wit.h  magnesia  or  alumina.  Boiled  with  the  soluble  alkalis  it  produces  phus- 
phoretted  hydinogen  and  a  hypophoiphite. 

The  action  of  water  and  a^ids  npon  metallic  oxides  has  been  already  coosiderod 
(pp.  302-306).  Many  of  the  acid  oxides  dissolTe  in  water  to  a  greater  or  less  extent, 
undergoing  decomposition  and  forming  acid  solutions.  But  the  dioxides  of  tin, 
titanium,  arcouium.  and  tantalum,  and  the  trioxides  of  tellurium  and  tuncsten,  may 
be  obtained  in  a  state  perfectly  insoluble  in  water.     {Odling'a  Manual  of  CAemuiry.) 

Ptroxidft  of  Or ff ante  Sadielea, 
The  hydrates  and  oxides  of  basylous  or  positive  oi^nic  radicles  formed  on  the 
ft.H'O  bare  been  already  described  under  Alcohols  (i.  97)  and  Etksbb  (ii.  £08) ; 
the  hydrates  and  oiidea  of  acid  or  negative  orj^nic  radicles  formed  on  the  same 
type  are  described  under  Acids  (L  39),  and  AifUYOiunKa  (i.  293).  We  have  here 
to  describe  certain  peroxides  of  acid  organic  radicles  recently  discorered  by  Brodie 
(Proc.  Boy.  Soc.  ix.  361,  xiL  666;  PhiL  Trans.  1864,  p.  iU7;  Chem.  Soc  J.  xyii. 
2S6).     The  following  bars  been  obtained  : — 

Peroxide  of  Acetyl       .        .        .        OH*0*  -     ((?H«0)«.0* 

Peroxide  of  Butyryl     .         ,         .         C»H'*0*  •     (C«H'0)».0' 

Peroxide  of  Valeryl     .         ,         .         C'Mi'K)*  -     (Ofl»0)».0« 

Peroxide  of  Benzoyl    .         .         .         C'*H'*0»  =     ((rH*0)»0' 

Peroxide  of  Nitrobenzoyl     .         .         C'»H»(NO>)'0»      -      [C'H*(NO»)0]».0« 
Peroxide  of  Cuminyl  .        .        C*H"0*  «     (C'«H"0)'.0* 

Peroxide  of  Camphoryl  .        C"H'K>'  -     C'»H**0».0'. 

These  org-anic  peroxides  are  produced  by  the  action  of  peroxide  of  barium  on  rhs 
<!hlorides  or  oxides  (anhydrides)  of  the  seTeral  acid  radicles.  In  their  chemical  rela- 
tions they  are  the  analogues  of  peroxide  of  hydrogen  and  of  chlorine. 

The  fonnulKe  juat  given  express  their  composition  in  the  free  state;  the  firat  six, 
wbich  contain  monuromic  radicles,  might  aU  oe  halved,  bat  the  hblf-formulce  would 
contain  ttneveo  numbers  of  hydrogeD-atoms  and  cannot  therefore  be  admitted  for  the 
isolated  compounds:  these  Imlf-moleculea,  however,  hke  the  single  atom  of  chloriDi^ 
may  exist  in  combination  with  hydrogen,  producing  the  corresponding  adds;  thus: — 

Ft9*  ehlorlne.  H^dmrhlorie  «cid. 

CICI.  HCl. 

Free  peroxide  of  Acetic  add. 

C'H*0*.  H.C'H»0» 

PeroMtdt  of  Acftyl^  OH'O*,  is  prepared  by  dissolving  acetic  anhydride  in  puxe 
»ther,  and  gradually  adding  an  equivalent  quantity  of  pure  peroxide  of  barium  : 

2C*H«0»      +     Bd"0'       -       C*H'B:»*'0*     +     C*H*0«, 
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Itfl  preparation  and  properties  hare  alread^r  been  dMcribed  (i.  36).  'Wbcn  drj  it  it 
TiolcDtly  QxplosiTe  and  must  be  handled  viUi  the  greatfot  caution.  Ii  is  apo«aU 
oxidising  agent,  likv  peroxide  of  hydrogen,  but  is  distinguishKi  iVom  that  coo^poudly 
col  reducing  chromic  or  permAngttnic  tcid  in  acid  •olutiun. 

Ptroxidt  of  Biityrtfl,  C'H"0*.  i«  eaailv  prepared  by  carefully  mixing  btffiic 
anhydride  with  (ld  cquiTiilent  quantity  of  bydrated  peroxidn  of  barium  (till  a  dfopif 
th«*  mixture,  aciduUttd  wiih  hydmchloric  acid,  girn  a  fiaint  blue  colour  with  diliic 
oolotiun  of  ftctd  chromale  of  potasaiuin),  atirring  up  the  mass  with  a  little  water,  ad 
agitating  with  ethw.  Th«  c-thereal  solution  waahed  with  dilute  hydrochloric  and. 
carbonate  of  sodiuin.  and  water,  and  left  to  rvaporate,  leavrathfr  peroxide  of  batyrrlw 
an  oily  body  only  slichtly  soluble  in  wHtor ;  it  must  bedried  with  chloride  of  a'  * 
It  decoroposea  with  RUght  explrwion  when  bf»ted,  and  when  Huapend^  in  water 
on  oxtdieing  action,  like  the  acetyl -compound. 

Peroxide  of  Faleryi,  C'*H"0',  prepared  in  like  manDer,  lb  a  beaTj  oily  liqsi^ 
powiessing  Rimilar  properties. 

Perojide  of  Benxoyt,  C'*H**0*,  »  prepared  by  gradoally  mixing  pure  bydiaiij 
peroxide  of  barium  (prcTioualy  dried  by  pressure  betvern  bibulona  paper}  in  a  mortar 
with  an  equivalent  quantity  of  chloride  of  brnroyl ;  mixing  the  maM  &Aer  aoiDe  ho«f» 
with  water ;  wiuhing  it  on  a  filter  with  water  to  remore  chloride  of  barium,  then  wiiti 
carbonate  of  sr^ium  to  remove  betucoic  acid;  drying  the  prodact  xuider  the  oir-^mffip^ 
and  crystallifiing  it  fiereral  timea  from  aalphide  of  carbon,  which  mnat  Di>t  be  ntmti^ 
above  35°,  The  quantity  thoa  obtained  amouuta  to  about  86  per  cent,  of  the  beaisie 
cbluride  used.  £xc'«se  of  water diminiahes  the  pnjdnct.  It  is  neceaaary,  howeTer,  to  vw 
bydrated  peroxide  of  brtriTim,  berHuse  the  iinhydroua  peroxide  does  not  act  apoa 
benzoic  anhydride,  or  chloride  of  benzoyl  diasolTod  in  ether,  even  at  100^.  11m 
qaunlity  of  the  product  is  also  diminished  by  the  preaenc«  of  peroxide  of  boriania 
exceua,  inaamuoh  a«  this  body,  in  preaence  of  water,  deatroye  the  peroxide  of  beaao)^ 
exerting  a  reaction  exactly  opposite  to  that  by  which  it  wua  produced :  thua. 
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Formation : 


2CrH'0Cl 

B4>niioic 
clilotWe. 


BaO«       =       Baa» 


fC'H*0)«O». 
Bmioic  per- 
oxide. 


Decomposition : 


((rH>0)»0«     + 
Be*>xoic  per- 


BaO'       «       (CrHK))«Ba"0» 
Bentoate  of 

bAliurti. 


O", 


Peroxide  of  benzoyl  may  bo  obtained  in  large  splendid  crystala,  belo  ^    ^ 
rimetric  s^'Btcm,  and  exhibiting  the  combination  odP  .  oP  .  r  .  Poo  .  ^  Pao  .  ^  P« 


'longing  f« 
Irimetric  s^'Btcm,  and  exhibiting  the  combination  odP  .  oP  .  P  .  Poo  .  ^  Pao  .  4  f 
InHination  of  the  faces    Poo  ;  oP    «    116^  36':    oeP:    ooP    =    116*^   4V:    f  Pi 
}  p3o     =,    VH^    39';  J  Poc  :  jtoo    -    143°  30';  Pw  :  Poo    oTcr    the  f^neifil  axis 
=     113^  12';    P  :  P   in    the    bra chy diagonal    terminal   edge  «    131**  V;    io    tbe 
macrodia^onal  terminal  edge  >=  97°  36';  at  the  base  =-  102°  11'.     (Mailer.) 

Peroxide  of  benzoyl  melts  at  103-5°  (only  Tpry  small  qnuntitiea,  bowerer,  can  W 
melted  without  decomposition) ;  it  dissolves  readily  in  ether  and  benzene,  and  in  5W 
pta.  sulphide  of  car1>on  at  16°.  It  is  decompooedby  boiling  potaah-ley  with  erolotum 
of  oxygi-n,  and  formntion  of  putasfiic  benzoate.  When  heated  alone  it  decompoaea  with 
slight  explosion;  if  mixed  with  sand,  it  giveii  off  carbonic  anhydride  (nearly  18 per 
cent.),  at  about  86®,  learing  n  resinous  8ub?ttRrce. 

Peroxide  of  Nitrohemoyi,  C'*H"(NO*)'0*,  is  precipitated  on  adding  water  toa 
solution  of  benzoic  peroxide  in  a  lai^e  excess  of  furning  nitric  acid,  and  remoiai^  on 
eritpomtion  of  its  solution,  in  sulphide  of  carbon,  as  a  Ught  yellow  sabatonoe  which 
decomposea  with  alight  explosion  when  heated. 

Peroxide  of  Cuminyl.  C*H^O*,  is  prepared  like  the  benzOTl-com pound,  ud 
cr^'stuUiKes  from  ether  in  long  needles,  whicn  explmle  when  heated*  leaTinff  u  resinoaa 
substance. 

Peroxidet  of  Diatomic  Aeid  Radiclr*.  The  anbydridea  of  dibasic  odd* 
treated  with  peroxide  of  barium  form  easily  decomponible  compouuda  which  may  b« 
regarded  as  the  peroxides  of  diatomic  nidiclfts.  When  tuccinic  nttht/dnd<  ia  gradually 
mixed  with  peroxide  of  barium  and  a  little  water,  an  evolution  of  oxygen  soon  tokw 
place,  and  an  aUaline  liquid  is  formed  which  doe«  not  contain  any  succinate  of  barito), 
but  possessea  strong  oxidising  properties,  though  it  contains  no  peroxide  of  hydrogoi, 
OS  it  does  not  decolorise  permanganic  acid  or  form  a  bine  colour  with  acid  chroiiiala 
of  potassium  (as  ia  the  case  with  a  mixture  of  b&huni'peixizide  and  succinic  add). 
The  solution  bleaches  indigo,  precipitates  manganic  peroxide  from  manganous  acetate^ 
oxidises  fprrocyanidc  of  potAfl'*ium,  eliminates  chlorine  £r»jm  hydrochloric  acid  when 
hf^ated  with  it,  and  is  resolved  by  boiling  into  free  oxygen  and  succinate  of  barionii 
With  laciide  a  solution  is  formed  poncf^tng  similar  properties,  but  still  more  deoom 
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poiubU.  Iktorc  pArmoDCMit  ia  ihu  uJluUiie  stronglr  oxiMiidng  ■olution  obtainoil  Ky 
■fttoruHng  1  at  campkortc  ankffdride  in  a  well-cooled  resMl,  with  I  Ht.  bsriani-pcruxidn 
ukI  wat«?r.  Thifl  caution  appears  to  contain  the  barium-aalt  of  cumpborie  prroxid*' 
C"H'*Btt"0*,  formed  by  tbe  direct  uniou  of  camphoric  anhydn'dp  C*H'*C>'  with 
btihum-pfroxidp  B«0*,  and  not  u  t-nrnphomt*  of  bariam-pcroxido ;  for  it  docs  not 
yield  peroxide  of  hydrogen  with  ucida,  or  bariam-peruxide  with  aUcHlis. 

OXTOXIf,  DaTSCTXOW  AWS  BSTZMATIOW  OF.  Oxygen  in  thu  pur« 
■tAt«,  ia  easily  distioguiahed  frum  all  other  g:^e»  by  the  facility  with  which  it  eupportii 
corubuMioR  ;  a  Lapcr  or  a  piece  ut'  wood  imtiit-mL-d  in  il  with  only  a  >ing|p  point  iu  a  >tHte 
of  ignition  burst*  instantly  into  flame.  Thia  effect  ia  not  produced  by  any  other  g)(« 
except  nilmuB  oxlde^  which  m-tji  tike  diluted  oxygen,  rekindling  the  taper  only  when 
the  wick  ie  still  in  a  state  of  rivid  glow. 

In  gaaeoue  mixtures,  oxygen  may  be  detected,  and  its  quantity  estimated,  by  means 
of  ft  solution  of  pyrogaUuU  of  potastium,  which  absorbs  it  rapidly,  turning  black  at  thx 
same  time;  for  the  dutJ&Ua  of  the  method  see  Anxltsis  of  Gaska  (i.  283).  A  Ruluiiuo 
o{  gallic  or  tannic  acid  m  excess  uf  [otiuib  may  also  bo  used  ;  but  tbe  action  of  theae 
■olatiooa  is  much  slower.  Oxygon  ia  also  absorbed  by  pko^pMorui^  jjotasjuaui^ 
solutions  oi  aikalme  4ulphidts,  fi-rrous  Jiaiu,  and  by  uu  ammtmiacal  golution  of  cnpront 
chloride,  or  of  cuproua  extJphatc  ;  but  none  of  theee  reageata  arc  ao  coorenient  or  ao 
exact  in  their  indications  as  pyrugallate  of  potassium. 

Oxygen  may  aluo  be  separated  troni  gaseous  mixtures,  and  quantitatively  estimated 
by  exploaiun  with  Aydrogan^  the  vulume  of  oxygen  present  being  equal  to  a  third  of  tbe 
volume  uf  gas  which  disappears,  .supposing  of  course  that  all  other  gases  which  caii  unite 
either  with  tbe  oxygen  or  with  the  hydi^gcn  bare  b(  en  previously  removed  (i.  285). 

The  amount  of  oxygen  in  solid  or  liquid  compouudi  is  ueually  estimatetl  by  difler- 
ence,  after  all  tbe  other  elements  present  hure  been  determined  (sec  AKALYSiSf  Okoju(Ic, 
i  239).  There  are  but  few  eompouods  from  which  oxygen  can  be  separated  in  the 
free  state  by  the  action  of  heat  alone,  aud  it  is  only  from  the  noble  mutols  that  it  can 
be  completely  separated  iu  tliis  way  ;  but  the  UKual  method  of  determining  the  oxygen 
in  metallic  oxides  is  by  ignition  in  an  atmosphere  of  hydrogen,  the  water  produced 
being  absorbed  by  chloride  of  calcium,  aud  weighed. 

Active  oxygen  or  osone  ii  distinguished  from  ordinary  oxygen  by  its  mora 
powerful  oxidibing  properties.  The  reagent  u^ualIy  i-mployed  for  drtt-cling  its 
preaence  in  the  air,  ur  in  any  gaaeous  mixture,  is  paper  covered  with  starch-pasta 
containing  iodide  of  potassium,  which  when  moistened  quickly  assumes  a  blue  or 
Tiolot  colour  in  r^jntact  with  ozone. 

Starch-paper  impregnated  with  aolution  of  potaseium-iodide  bf  known  strength  is 
Also  used  for  deti-rmming  the  relative  quantities  of  osone  in  the  air  in  different 
localities,  and  at  different  times,  tbe  amount  prest^nt  being  regarded  as  inversely  p^>por- 
tional  to  the  time  of  exposure  revjuircd  to  produce  a  given  depth  of  tint.  But  the 
indieatioos  tbu:^  afforded  are  uncertain,  the  rapidity  of  the  action  bein^  mfidificd  by 
various  circumstances,  as  by  the  temperature  and  humidity  of  the  air  ;  mori>uver, 
the  paper  once  coloured  by  oaone  becomes  deealorised  again  by  continued  exp(*urc, 
and  the  same  offfects  of  coloration  and  subsequent  decoloration  may  be  produced  by 
other  gases  in  tbe  air.  chlorine,  the  oxides  of  nitrogen  for  example.  For  ihrse  Mtsomt. 
Housean  prefers  litmus-piiptT,  slightly  reddened  and  impreguitted  with  iodide  of 
potaaaium.  This  paper  tumfi  lilue  in  presence  of  ozonp,  the  cotoratltin  arising  from  tlie 
production  of  a  certain  quantity  of  potash  and  Feparation  of  iodine.  The  same 
eluinge  of  colour  is  not  produced  by  any  other  gas  except  ammonia^  iind  the  blueing 
produced  by  tliis  reagent  is  easily  ai8t)ninii»hcd  £r>^tn  that  arising  from  the  action  of 
ozone,  inasmuch  as  it  ia  Ukewise  produced  on  red  litmus-paper  not  containing  io<ii()e 
of  potassium.  Chlorine,  bromine,  iodine,  nitrous  compounds  and  acetic  acid,  change 
tbe  red  colour  of  the  prepared  paper  to  reddi*b  yidlow. 

Andrews  eatimales  the  quantity  of  ozone  coutaint^  iu  a  given  volume  of  air  by 
passing  tbe  dry  air  through  a  bulb-apparatus  containing  solution  of  potasf'ium-iodide, 
then  through  anolber  containing  Hrrung  sulphuric  acid  to  absorb  the  wutor  e«rrj*».l 
away  &om  the  first  Bolution.  The  incn-aMe  of  weight  of  tbe  two  appurotos  givra 
the  quantity  of  ozone  absorbed,  and  on  determining  the  quantity  of  iodine  set  free, 
afcording  to  Buusen's  method  (i,  26o),  it  is  found  that  the  quantity  of  oxygen 
equivalent  to  tbe  iodine  thus  liberated  is  exactly  equal  to  that  of  the  ozone  absorbed 
(p.  3(11). 

Atomic  weight  of  Oxffgen. — The  proportion  between  the  atomic  weights  of  oxygen  and 
hydrogen  is  determined  by  the  analyftis  and  synthesis  of  water.  The  most  exact 
method  consists  in  pashing  perfectly  pare  hydrogen  gu«  over  red-hot  oxide  of  copp4T, 
and  comparint^  the  loss  uf  weight  which  tJiis  oxide  auktaius  with  that  of  the  water 
produced.     Kxi>enments  made  in  this  manner  by  fierzf  lias  and  Daloog(AnD. Ch. 
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Phj'B.  IxT.  S86),  subMqucDtJy  with  greater  exuctaess  by  Butnms  and  Stas  (Aoa  CV 
PhyB.[3l  Tiii.  189\  andbj  Erdmann and  March ind  (J.  pr.  Chem.xlvi.  i6l\eoM« 
in  showing  that  wutcr  is  composed  of  1  pt.  by  weight  of  hydrogen  and  8  of  oxyipm  [n. 
1 95),  and  therefore,  thai  if  the  atomic  weight  of  hydrogen  be  Uko-n  as  the  n&it,  «b4  ^ 
componiioD  of  water  bo  rppr««ented  by  the  formula  HK),  the  atomic  weight  of  o<7pB 
is  16.  The  rpafons  for  regarding  water  as  U'O,  and  not  as  HO,  bare  been  fully  &- 
cu**H<*d  in  the  article  Atomic  Weights  (i.  461). 

OXTasSTATUB  ^t^ATlOt.  Water  holding  peroxide  of  hydrog<rn  io  aolvtm 
(ia  197).  Schonbein  (J.  Vhnnn.  [4]  i  73;  BulL  Soa  Chim.  1865,  i.  69)  dtttm 
tlie  presence  of  peroxide  of  hydrogen  in  water  by  its  power  of  convt/rting  the  protante 
nf  tc4id,  nickel  and  a  few  other  mcUU  into  peroxides,  and  thu  decomputfition  of  poa»> 
fiinm-iodide  by  these  peroxiden  in  prc-sence  of  an  acid.  The  liquid  to  be  tcated  haTxaj 
been  rendered  alkaline  by  a  little  potash,  a  smail  qoantity  of  a  lead-salt  is  added  (OM 
in  exceas)  and  then  iodide  of  potaasimn  mixed  with  starch.  If  then,  on  luiding  aa  sdd^ 
a  blue  colour  is  prodaced,  the  presence  of  peroxide  of  l«ad,  and  conaequently  of  pcrosida 
of  liydr^gcn,  in  the  original  liquid  may  h&  inferred. 

OXTaxxrOzn.  A  name  applied  by  Duflos  to  tboae  noa-metallic«]emeatsvUck 
in  their  chomical  relations  exhibit  a  ctrtain  rt^sembhuce  to  oxygen,  Tis.  tnomio^ 
chlorine,  fluorine,  iodine,  selenium  and  snlpfaar. 

OXTOUAirxVB.  A  substance  produced  by  the  action  of  pennangatiate  of  |iolw» 
sium  on  guuniiie  dissolved  in  caustic  soda.     (See  Guaxins,  ii.  9d2.) 

OXTCtr2«MZC  ACZI>.  C*II'»0".  (A.  Beyer,  Ann.  Ch.  Pharra.  cxxxi.  3&».>- 
Wbeii  pIucoBc  is  treated  with  cnpric  oxide  and  potash  for  the  preparation  of  Rcichardt's 
gummio  acid  (ii.  9-16),  the  resulting  liquid  precipitated  with  cliloride  of  barium  aftrr 
being  rendered  slightly  alkaline  by  ammouia,  and  the  precipitated  gonunate  of  baiiva 
dried  over  the  water-bath,  part  of  it  is  converted  by  oxidation  into  oxyguznmaM. 
carbonate  of  barium  : 

C*H'«0»«     +     0»       -      C*n'*0"     +     2C0« 
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Oumtnlc  add. 


OxyRummtc 

Kid. 


The  barium-salt  treated  with  sulphuric  acid  yields  a  solution,  from  which  oiygximraif 
lyrid  may  be  obtained  in  bhining  needles  soluble  in  water  and  alcohol.  Th^  solotivu 
are  tttrungly  acid.  The  cr}'stals  dried  in  the  air,  or  over  sulphuric  acid,  give  off 
water  and  leave  a  white  powder  soluble  in  water.  Heated  above  130°  the  add  deeom- 
poMfl  with  intamescence,  giving  off  pungent  aromatic  vapours  and  leaving  au  acid  ear* 
bonaceous  residue. 

Oxygummic  acid  is  tetrabasic.  The  hariwm-tait,  CH'Sa^O",  is  a  bulky  precipitate 
which  soon  becomes  crystalline;  it  disBoIrpa  sparingly  in  water,  easily  in  hydrochloric 
acid,  and  gives  off  a  little  water  at  10(y.  The  silver-aait,  C*H*Ag*0'«,  ia  u  white  pr«i- 
pitato  sparingly  soluble  in  acetic  acid,  less  sensitive  to  light  than  the  gummate.  At 
100'-^  it  dtfliiij;mle^  like  oxalate  of  silver. 

OX7SZPPUXZG  A,CZI>.  C*H*NO*.— This  is  probably  the  compositioa  of  aa 
asily  soluble  acid  produced  by  boiling  the  aqueous  solution  of  diazohippuric  adi), 
^CH'N'O"  (the  product  of  the  action  of  nitrous  acid  on  amido-btppnnc  aHd,  iii 
'iflO).     (P,  Grio«s.  Jahresb.    1862,  p.  260.) 

OXTB-roXOasw  BI.0WTZPB.  See  Bix>WFiTB  (i.  616V— Der  ille  aad 
Debray(Ajin.Ch.rhvs.  [3|  Ivi.  385)  employ  the  oiyhydrogen  blowpipe  ic  thf^foIIowiBg 
manner  for  effecting  the  fusion  of  platinum  and  the  refractory  metuls  which  accompany 
it.  The  npparatna  consists  af  tho  blowpipe  C  (tig.  733),  a  furnace  ABD,  and  a  cmciWe 
GHI.  The  blowpipe  is  cumpoaKl  of  a  copper  tube  about  half  an  inch  in  diameter,  ter- 
minating below  lu  a  slightly  conical  platinum  jet  about  1^  inch  long.  Withis  this 
tube,  which  ;b  supplied  with  hydrogen  or  coal  gas  through  the  stop-eock  H,  is  a  seoood 
copper  tube  C  for  supplying  oxygen,  tcmiinuletl  alfio  by  a  platinum  norzle  with  AS 
aperture  of  about  a  twelfth  of  an  inch  in  diameter. 

The  furnace  ABD  conBif.tB  of  three  pi^-cea  of  well-bnmt  lime  of  slightly  hydrnolie 
quality,  which  may  be  tuniwl  at  a  lathe  with  ease.  Tlie  cylinder  A  is  aboot  3^ 
inches  thick,  and  is  perforated  by  a  slightly  conical  hole  into  wliicb  the  blowpipa 
fits  accurately,  passing  about  half-wav  thn^ngh  the  thicknesH  of  the  mass.  A  second 
sumewluit  deeper  cylinder  of  lime  /?,  is  hollowed  into  a  chamber  wide  enough  to  admit 
the  cmcible,  and  leave  an  interval  of  not  more  than  a  sixth  of  an  inch  clear  arooDd 
ii.      KK  are  four  apertures  for  the  escape  of  the  products  of  eombuHtion. 

The  outer  crucible  ////  is  also  made  of  lime,  but  it  contains  a  cmiiller  crucible  /of 
gas-coke,  provided  with  a  cover  of  the  same  material ;  and  in  this  the  substance  to  be 
nised  ia  placed,  the  crucible  resting  on  the  lime  supfiort  V.  The  conical  cover  G  is 
made  of  hmc,  and  its  apex  should  be  pluci-d  exactly  under  the  blowpipe  jet,  at  a  di&tance 
from  it  of  j  to  \\  inch. 
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The  different  pi«w«  of  the  furnace  must  bo  tound  round  with  iron  wire  to  rapport 
them  when  they  cnick.     The  oiygt^n  is  admitted  und<T  a  pr«»ure  of  a  eolumn  of  16 

inchea   of  wnter.      The   temperature  is 


Pig.  733. 


gradiuilly  rained  to  the-  moxiitiDm,  and  in 
ttbout  eight  miDQtes  fh}m  thid  time  the 
operation  is  complete. 

By  employing  a  jet  of  mixed  coal-gaa 
and  oxygen  {EQ,  %  734)  in  a  fumaceof 

Fig.  734. 


lime,  Derillo  and  Pcbray  succeeded,  at 
an  expense  of  about  43  cubic  fvet  of 
oa^gen,  in  melting  and  refining  in  42 
minutes,  254  lbs.  aroirdupois  of  plati- 
num, and  casting  it  into  au  ingot  in  a 
mould  of  gas-coke ;  and  maou  lai^r 
maases  have  eince  been  merited  by  this 
method.  Lime  is  so  bad  a  conductor 
of  heat  that  if  a  cup  of  lime  not  more 
than  0-8  inch  thick  be  AIIkL  nnih  melted 
platiuuui,  the  exterior  scarcely  rises  be- 
yond 300°  F.      {MiiUr't  Bojients  cf  CHetnistry,  3rd  ed.  pt.  ii.  p.  826.) 

OXT-XOSZG    ACZn.     Syc.  with  PKBlObic  Acid. 

OZT&ZBATZOK.  A  term  applied  by  Schunbein  (Pogg.  Ann.  Ixxx.  fi20)tothe 
oxidising  ui'tiun  of  nitrous  acid,  nitric  acid,  &c.,  at  ordinary  temperatures.  He  supposes 
that  part  of  the  oxygen  in  these  bodies  is  in  a  peculiar  active  state  (combined  oxona 
in  fact),  and  calls  it  "oxylifiedox^en." 

OZTXIXARZC    AGIO.     Syn.  with  Puapcbix. 

OXTMETHTIt-CAllBOKZC  ACIB.    A  name  appliod  by  Kolbe  (Ann.  Ch. 

Pharm.  CMvii.  Ififi)  to  glycollic  acid,  regarded  as  HO,  ^ j^j  [CG^O. 

OXTlWi;THTXr-TIU£TBTZi-FROSPHOXrZtna.     (See  PaosPHOBLa-UASM.) 

OXYMOBPHZNi:.  AccoMingtoSL"  li  ii  t  ze  n  berger{Ann.  Ch.  Pbarm.  cvii.  346), 
morphine  lCH'^N'  >')  treated  wiih  nifj\ju»  acid  yii-lda  three  basic  products  to  which 
h«  assigns  the  formula,  C"H'»iNO';  C"H-'i^O*.HO;  and  C"fl»'NO*. 

OXTWAPBTBA1.ZO  AOZS.  C"*H*0'.— Thia  compound  baa  not  been  actually 
obtained,  but  two  chlorinated  aoid«  arp  known  which  may  be  regarded  as  derii*ativta 
of  it,  namelv,  chloroxynapht halic  acid  C'H^CIO',  and  percbloroxynaph- 
thaltc!  aeid  C'"HC1*C**.  These  acid  a  are  produced  by  the  action  of  potaeh  on  rhe  eor- 
reaponding  chlorideH  {vitl.  inf.).  Alizarin  lias  the  cumpoHition  of  oxynapbthalic  acid. 
bat  it  is  not  produced  by  the  action  of  sodium-amalgumor  of  the  electric  current  on 
chloroxynapht  halic  acid. 

Chloroxynaphthalic  acid^  C'*H*C10*,  also  called  chl^>ronaphthisic  uxd  chioro' 
naphthalic  acid,  has  been  already  described  under  the  Lost  name  (p.  14).  ' 

Perehloroxynaphthalic  acid,  C'HCPO'.  Chloride  of  perchluroxynaphthyl 
treated  with  potash  is  immediately  converted  into  a  crimson  aQl>Btance  from  which 
acids  separate  yellow  perrhloroxynaphthalic  acid.  It  may  be  er^atidlised  from  ether, 
oouTcrtod  into  a  potassium-aalt,  reprecipitated  by  an  acid,  and  further  puriiied  by  crys- 
tallisation from  alcohol  or  ether.  In  contact  with  potash  or  ammonia  it  forms  red  or 
crimson  Baits,  which  are  insoluble  in  cold  water,  but  appear  to  bo  blightly  soluble  in 
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boiling  vater.    Tbey  may  bo  obuio'-d  in  the  crysUUioe  form  by  DeaLrmiuutgabailiif 
atrohnlic  solution  of  the  acid  with  nn  iiJkiili.     (Laareat,  Rct.  Scient.  xiii-  &M.) 

OXTWAPBXBTX,   OB^ORXBa  OF.     The  chloride  correspoodiag  to  oi 
Bunhthalip  wid  hiii*  injt  been  obiHin<*d,  but  two  ohlorinAted  deriT»h've«  of  il,  b«ii^t 
cbloridej!  corrRHponding  fo  the  chloroxvnaphthnlieacidjjui>t  deflcril'ed,  wrrC  diMoi 
by  Laurent  (Ann.  Ch.  Phja.  [2]  luur.  36;  Rev.  Scient.  xiii.  691).    Thfy  »a 
by  th«  action  of  nitric  acid  on  certain  chlorinated  deriTatirea  of  naphthaXenei. 

Chloride  of  Chloroxt/nnpAtht/i,  C'^H'CPO*  «  C'»H*aO«CL  ft 
talo0*.  Oryrfc  rf*- tfA/<?r(xn*na7jA/'^*f.— Tetrachloride  of  chJoronaphtJialene  U  tliom\j» 
tiiL-k^by  borlingnitric  acid,  beeoming  yellow  and  eontinoally  more  fVuible.  If  tb«  nOica 
bf*  stopped  as  soon  as  thr  rf>llowsul«tance  remsina  on  cooling  in  the  form  of  a  rery  thi^ 
oil.  a  solution  of  phthulic  Rcid  is  obtainnd,  together  with  a  Tisoid  yellov  oil  in  vhicht 
TpUow  pulrenilent  depoeit  forms  af^er  u  while.  The  separation  of  this  enbstaoce  luy 
be  accelerated  by  pouring  etbcr  on  the  nil.  &nd  if  the  ethereal  eolation  be  decanted  afift 
a  diJT  or  two,  tbf  depocit  waahed  on  a  filter  with  ether,  and  then  disaolred  in  a  larv* 
I  ({uuntity  of  boiling  alcohol,  the  solotion  depoaita  on  cooling  oeedle-«haped  cxyt/tMU  of 
chloride  of  cbloroxTnaphthyL 

Thifl  compound  is  yellow,  insoluble  in  water,  rory  slightly  soluble   io  aleol 
etbcr,  whence  it  ia  depoaited  in  needles.     It  distila  wiUiout  alteration;  U  d 
wirh  mahogany  colour  by  strong  nnlphuHe  »eid ;  and  is  converted  by  nitrie  Msd  iatffi 
phthdlic  ooid.     An  alcoholic  solution  of  potach  colours  il  crimson,  and  decomposti 
into  chloride  and  chloroxyDaphtbalate  of  poLuasium. 

Chloride  of  Perchloroiynaphthpl,  C>«C1«0«  =«  C*a»0«.CL  Orydt  dt 
chlirroaenaphtalur. — Produced  by  the  action  of  boiling  nitric  add  ou  hexchloroaopb' 
tlmlenA,  The  action  ia  Tery  i-luw,  requiring  three  or  four  daya  boiling  to  complete  it; 
bnt  nltimately  a  resinous  snlyttance  is  obtaintKi ;  which,  when  freed  frum  a  littla 
oily  matter  by  ether,  and  pnrified  by  one  or  two  cry»talliH)itiona  from  boiling  petrtJao^ 
has  thp  composition  of  chloride  of  perehloroxynaphthyl. 

Thla  aubfituncc  when  pure  forms  highly  lustrouagolden'yellow  scales.  It  13  inaohUa 
in  irattr  and  alcohol,  slightly  soluble  in  boiling  ether.  It  melts  at  a  somewhat  hi^  ta«- 
perutnre  and  TolutilUes  in  great  part  without  alteration.  By  boiling  nitric  actd.  His 
I>roti&tily  converted  into  trichlorophthalic  acid.  Putash  and  ammonia  convert  it  into 
chloride  and  pcpchloroxynaplithalate. 

OXTVA^HTHTliAacnrs.  C'H'N'O.  Orpiaphthi/tidine,  AapAMosHvne. 
(Piria,  Ann.  Ch.  Pharm.  Uxriii.  41.-11.  Schiff.  ihtd.  ci.  90.) — A  base  prodiuwi 
by  the  action  of  Tarioufl  oxidising  agents,  such  as  ferric,  auric,  mercuric;  atanaie, 
or  zicc  chloride,  ailTer-nitnte,  or  chromic  acid  on  nnpbthylamine.  The  violet  ooloar 
acc|uired  by  naphthylnmine  and  its  suits,  as  well  us  by  the  thionaphthaiDStes,  m 
exposure  to  the  air,  is  probably  due  to  the  formation  of  this  base.  According  Io 
Ganahl  (Ann.  Ch.  Pharm.  xcix,  240),  it  is  likewise  farmed,  with  evolution  of  nitrogca, 
by  the  first  action  of  nitrous  acid  on  nsphthylamine  suspended  in  wnter. 

To  prepMre  it^  hydn>chl.-»mle  of  nR[)hthyhkmine  is  dist^ulved  in  alctihol,  th«  anlntia 
diluted  with  water,  but  not  ttufficient  to  catiac  turbidity,  and  while  the  whc^e  ia  cod- 
tiunoufily  slirred,  aqueous  ferric  chloride  is  added,  drop  by  drop,  until  a  slight  exi'eaa 
is  present     The  whole  is  allowed  to  stand  for  an  hour  with  repeated  fftirrin^  and  tbs 

Crf'cipitate  is  then  collected,  and  washed,  first  with  wafer  till  the  wash'Wutcj?  cease  to 
ecomo  turbid  with  nitmte  uf  silver,  afterwards  with  alcohoi  and  then  dried  in  vacuo 
(Piria).  Hchiff  adopts  the  tiame  method,  or  be  precipitates  sulphate  or  acetate  of 
naphthyl&mine  with  aqueous  chromic  acid. 

Oxynaphihyiamine  is  a  light,  amorphous,  dark  purple  powder  doeely  resembling 
orcein.  When  moist^  it  has  a  peculiar  odour,  resembling  that  of  iodine,  especiallr  if 
heated.  It  is  iu-wluble  in  watrr,  also  in  ammonia  ana  caustic  potash.  It  disaofTri 
sparingly  in  alcoht'l,  imparting  its  colour  to  the  liquid;  abundantly,  with  purple 
ralour,  in  ether^  and  is  precipitated  from  the  itolutiuu  by  spoutaneous  evapon* 
tion  as  an  amorphous  powder.  It  dissolves  in  cold  sntpkHric  acid,  forming  a  bins 
liquid  of  the  colour  of  indigo-aohition,  and  is  precipilnti>d  by  water  unchanged.  It 
dissukfS  in  mncentrated  art  tic  arid  with  violet  colour;  the  solution  is  not  precipitated 
by  water  or  by  tartaric  acid,  but  uxynaphthylamine  ia  precipitated  therefrom  by  most 
acids,  alkalis,  and  metallic  chlorides.  (Piria.) 
It  does  nut  combine  with  acids  or  with  buses. 

It  melts  when  heated,  and  immedtatply  decomposes,  evolving  an  aromatic  vapoor 
smelling  of  naphthylamiue;  and  finally  leaves  a  residue  of  difficultly  combustible  oiar* 
crml,  which  howec*sr  may  be  complett-ly  burnod.  When  mr»ist,  or  immersed  in  wat«r,it 
rapi  tly  becomes  violet;  hence  it  is  difficult  to  obtain  the  dry  product  of  a  par*  bins 
eoiour. 

The  name  ox^iaphthj/laviine  \%  also  applied  by  Duiart  to  a  weak  base,  probably 
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QMit«iiuDg  C"H"NO^  produced  hy  the  action  of  reducing  agenta  on  nitroxjuaphtbalie 
add  (p.  118). 

^         } 
OXTPARATASTAJUC  ACXB.     C»H*0»      =       (C»H*0«)->0*     fiVfaxwall 

W       ) 

Bimpson,  Proc  R07.  Soc.  xiii.  44; — Bull  Soc.  Chim.  iii.  368.)— Thia  acid,  bomo> 
logooa  with  mohc  odd  (C*H*0^),  and  related  to  panUartaric  ncid  in  thi*  same  tnanuor 
as  malic  to  succinic  acid,  is  produced  together  with  ammonia  by  the  action  of  potaah 

on  glycero-hydric  oxydicyanido  op  dicyanhydrin  ^     H       tp  *'  ^^  cyanic  analogue  of 

dichlorbjrdrin : 

CH»OCj?«     +     2KH0     +     2H»0      -      C*H''KK)»     +     2NH". 

Preparation. — A.  mixture  of  1  at.  dichlorhydrin  and  2  at.  pure  potassium -cyanida 
with  a  certain  quantity  of  alcohol  in  hinted  to  100°  in  well  closed  8ealpt2> water  bottles 
for  twenly-loup  hours,  by  which  time  the  whole  of  the  cyanide  of  potas-sinm  is  convcrt*-d 
into  chlonde.  Thty  contents  of  the  bottlee  are  then  filtered;  the  anlotion  runlaiuiitgdi* 
OTftDbydrin  ia  heated  with  aticka  of  potash  aa  long  aa  ammonia  continutb  to  etica[)e ;  and 
toa  residue,  after  b«ing  freed  from  alcohol  by  distillation,  in  treated  with  uiLric  acid,  the 
exceaa  of  which  ia  then  also  evaporated  off.  On  trettting  the  residue  coufrisliug  of 
poUaaium- nitrate  and  ozyparatATtaric  acid  with  uleohu!,  eraporatiug  the  tihnite,  nnlia- 
•olring  the  strongly  colouwd  residue  in  hot  water  and  treating  it  with  chJorine,  then 
noutrnliaing  the  whole,  cautiously  precipitating  a  third  of  the  acid  with  silver-nitrate, 
then  filtering,  and  precipitating  the  fl.]trate  completely  with  ail ver- nitrate,  a  perfectly 
colourless  ailrer-salt  ia  obtained,  which,  when  dccompoied  by  aulphydric  add,  yiehU 
OxyparatiLTtaric  acid  as  a  colourless  cr)'eta.lliue  maaa. 

OjLy  para  tartaric  acid  hut  a  pure  acid  ttiate,  and  dia&otves  in  water,  alcohol  and  etlier. 
It  melts  at  about  136*^,  and  decomposca  at  a  higher  trmperalure.  The  free  acid  yiflda 
a  copiouB  white  preripitato  with  acetate  of  lead,  but  is  not  precipitated  by  lira"-wMter. 
AVht*n  neutralised  by  an  alkali,  it  gives  a  white  precipitate  with  mercuric  chloride,  pitlo 
brown  with  ferric  chloride,  bluish-white  with  cuprio  aaita,  and  a  cloud  with  chluri'lo 
of  barium. 

Oxyparatartaric  acid  ia  dibasic,  the  formula  of  its  nlver-salt  being  C'H'Ag'O'.  Th^ 
e(hi/lic  ether,  C*H*tCH*)^0*,  distils  between  295*  and  300°,  with  partial  dccompoaitiun. 

Th«  reaction  by  which  this  acid  ia  obtained  would,  if  appUed  to  each  of  the  cyanides 
derivable  from  diatomic  and  trialomic  alcohols,  yield  for  each  diatomic  alcohol  two, 
and  for  each  triatomic  alcohol  three  acida  of  different  degrees  of  basicity,  thua ; 

Diatomic  Alcohol  {ghfcol). 

Cyanide.  Arid. 

GljToHc  Chlorbydrin  C?«H»Oa         C'H'OCy        C'H-0"  lactic  (monobasic). 

Pichlorida  of  Ethylene        CH'Cl*  C=H*Cy«         C*HK)*   succinic  (dibaaic). 

Ttiatomic  Ateokd  {gtycerin). 
Ctmnkle.  Acid. 

Chlorbydrin  -        (7H'0«a        CH'O'Cy        C*H»0'  (monobaaic). 

Dichlorhydrin  .  eH'OOF  Cll-OCy'  C"H"0>  oxyparatartaric  (dibasic). 
Trichlorbydrin        .         C"H»Cl»  C'H^Cy*  C-fi*0«  (tribasic). 

OXTPKEVXC  ACXn,  C*U*0'.  Pifrwatfthin.  Pifroinorint<innic acid.  (Beioach, 
Sepert,  Ixviii.  54. — Wackenroder,  Ann.  Ch.  Pharra.  xxxrii.  327.— ZwoDgor,  iltd, 
szxrii  327.— K.  Wagner,  J.  pr,  Chcm.  Ml  450;  Iv.  G6.— Eissfeldt,  iV/iV.  acii.  101. 
— Bnchner,  ibid.  xcvi.  186.) — A  sul&tunce  metaratric  with  hydpoquinone  (iii.  213), 
produced  by  the  dry  distillation  of  rateeiiin,  morintannic  acid,  and  probuUy  also  of 

Sencedanin  and  of  kino;  also  of  wood,  whiuce  it  ia  found  in  wood-viii«'gar.  It 
oea  not  occur  in  coal-tar.  According  to  Eisafeldt  and  Uloth  (Ann,  Ch.  Pbarm. 
cxi.  216),  all  those  kinds  of  tannin  which  turn  ferric  salts  green, _<■.  a.  the  tannin  of 
Kramtnainandra,  Ivn/imttiiaerccta,  Poiyffonum  2iisU>rta,  Vaecinium  Mj/rttUm,  J'yrofa 
Vfnikliata,  Calluna  vnlgarix,  Ddum  judusire,  flee,  yield  oxyphenic  acid  by  dry  diaiiUa- 
tion,  whereas  those  kinds  which  turn  ferric  salts  blue  (e.  .g  that  of  ArhutuJt  iui  Lrsi, 
and  of  Rhododendron  ftrrttginr urn)  do  nut  yitld  it.  It  ia  also  producwi,  lo^-ether  with 
carbonic  anhydride,  by  heating  oxysalicylic  acid  to  210**— 212"^:  C'U"0»  «-  CO^ 
+  C*H'0*,  a  c*»rliiin  quantity  of  the  melamerio  body  bydroquinone  being  always 
formed  at  the  aame  time.  lodophenvHc  acid  treated  with  potuih-ley  also  yields  uxy- 
phenicacid,     (Lautemann,  Ann.  CL  Pharra.  cjtx.  2fl9.) 

PrMMira^on.^1.  Catechin  or  catechu  is  introduced  into  a  capacioua  retort  and 
cuickiy  heated  above  its  melting  point  till  it  chars  ;  the  diatillate  which  coUocta 
wi  the  cooled  receiver  ia  evaporated  at  30°  till  crystak  form  on  the  eurface,  the  empy- 
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rettmatic  oib  which  become  reninued  during  the  er&ponition  being  sepftr^Ud  br  llb»i  j 
tion;  the  bluck-brown  cryetalline  nuLse  which  fumu  oq  cooling  is  suhlfinra  (afti«| 
prensure  between  puper,  according  to  Wagner),  a  large  quautity  of  Hqaid  thmpMoc^ 
over  At  first,  which  also  jieldfl  oxypheuic  add  hy  eraponlioo  :  and  the  sublinutiM  « 
the  orystalB  is  repPAted  three  or  four  limes,  till  they  no  longer  become  oolomvd  m 
expoeuro  to  the  air  (Zwonger). — 2,  Crude  murintannic  acid  mix«d  with  sa  tnal 
I  qaanltty  of  soad  ih  heated  in  a  retort  oTer  a  moderate  fire;  and  the  distUlat^  vlM 
•olidifics  on  cooling,  is  freed  from  oil  containing  phenol  by  pressure  bcrtveto  fKf^ 
and  purified  by  Hublimntion  and  recryst&llisation  fnim  water  (Wmgner). — S.  Mi^ 
abar  Icioo  or  bute<i-luQO  yields  by  dry  distillation  a  clear  wat«iY  liquid  amsUi&g;  rf 
Gffoeote,  and  LeaTin^  after  eepiiratton  from  empyreumatic  oil,  and  eT»poiut3oa,abla(t 
crystallioe  mass,  which  when  sublimed,  yields  oxyphonicacid  in  thin  colonHaaa  lamiis^ 
and  sometimes  in  rhombic  prisms.  From  malabar  kino  (but  not  firom  but<«-1tiao\ 
I  a  small  quantity  of  oxypbenic  acid  may  also  bs  obtained  by  extraction  with  ilhr 
^  and  evaporation, — or  by  precipitating  the  aoueons  extract  with  acetate  of  lead,  drcstt* 
I  |K)siiig  the  lead  precipitate  with  sulphuretted  hydrogen,  evaporating,  and  digesting  ik» 
residue  in  ether  (Eissfeldt). — 4.  Crude  wood-vinegnr  evaporated  to  a  synp  « 
shaken  up  with  a  suturatod  solution  of  common  mlt ;  the  liquid  sepantetl  fitm  Utt 
tarry  matter  is  agitated  with  pther;  the  ethereal  liquid  seporuted  from  the  saline  aolativo 
and  the  rthor  distilled  off;  and  the  residue  (i*outaining  oxyplienic  acid,  acetic  add  iid 
tar-oil)  distilled  in  a  stream  of  carbonic  anhydride,  whereupon  acetic  acid  paase*  orerfln^ 
then  oxypbenic  acid  and  tar>^il,  then  a  brown  riiicid  oil.  The  middle  portion  of  1^ 
distillate,  which  niu^t  be  collected  apart,  solidifies  on  cooling  in  a  roddiah-ycUow  079- 
tftUine  pulp,  which,  when  pressed  between  bibulous  paper  and  miblimRd  in  a  streaxa  (d 
carbonic  anhydride,  yields  colourless  oxyphenio  scid.  Or  better :  The  wood-rinegar  k 
shuken  up  with  ethf^r  without  previous  eraporation  ;  the  reaidae  obtained  from  tb» 
ethereal  hquid  by  duftilliDg  offtne  ether  is  shaken  np  with  a  saturated  solution  of  ma* 
mon  salt;  the  saline  mtution,  after  separation  from  the  oil,  again  shaken  np  with  ether; 
the  ether  distilled  off;  and  the  residue  also  subjected  to  distillation  :  a  liquid  ia  thai  oh* 
tained,  which,  on  cooling,  yields  tolcral)ly  pure  crystals  of  oxypbenic  acid.    (Bnchner) 

Properties. — Oayphenic  acid  forms  broad,  white,  strongly  shining  laminae  resembling 
benzoic  acid,  and  rhombic  prisms  (Zwenger).  Small  shining  rectangular  prisu 
belonging  to  the  trimetric  system  ;  bevelled  with  two  faces  resting  on  the  acute  JaUtil 
edges  at  an  angle  of  IIG*^  (Wagner  and  Neumann).  It  melts  nt  114*^  tad 
lublimes  even  at  a  lower  temperature  (Zwenger);  melts,  after  drying,  betVMa 
110"  and  n6<>,  and  rolatilises  gmduully  at  130°  (between  60°  and  eo**  according  to 
Wagner);  melts  at  Ul"  or  IVZ"^  ;  when  perfectly  diy,  and  Tolatiliaes  eren  aft  oriiotfj 
temperatores  (Eissfeldtji ;  melts  at  111°,  and  TolatUiscs  at  the  melting  point, 
suhtimtng  in  shining  lammie  (Snchner).  Boils  between  240°  and  246^  (betwev 
240°  and  2A0°  according  to  Wagner),  and  Welds  colourless  rapours  whicii  condeiw 
into  a  quickly  cryMallising  OLl(WagDer).  The  Tapours  hare  a  pungent  odonr  ai»j 
excite  coughing.  It  has  a  bitter  ta«te  and  scarcely  reddens  litmus.  Mixed  with  brdm- 
chloric  acid,  it  colours  firewood  viDJet^  the  colouring  being  stronger  as  the  oxypbfiii 
acid  is  more  free  from  phenol.     (Wngner.) 

Oxyphenic  acid  dissolves  readily  in  water;  also  moil  of  vitriol  and  ht/drochlorte  aeU^ 
▼ery  readily  in  alcohol,  and  very  readily  according  to  Zwenger,  bat  with  diffienltf 
according  tu  Buchner,  in  «/Arr. 

It  quickly  absorbs  ammoniacal  gas,  and  gives  it  ofiT  again  in  Tacuo  or  at  100*. 
(Zwenger.) 

1(«  aqueous  solution  fftrmn,  with  neutral  acetaU  of  lead,  a  thick  white  preoiptat«; 
C*H*Pb''0',  which  is  permBci**iit  in  the  air,  nearly  iusolublo  in  water,  but  diecKjlvcs 
Teiy  readily  in  aeeti^r  uci<l.  When  dried  in  the  cold,  it  appears  greenish-white^  bat 
brownish  when  dried  at  100**. 

The  aqueous  solution  of  pjTocatechin  does  not  colour yi»rry»u*  salt*;  it  colours ,/frn# 
aalts  dark  green  aud  then  forms  a  black  piecipitate;  the  dark  green  colour  la  cbangsd 
by  alkalie,  eren  in  very  dilute  solutions,  to  a  beantifu]  riolet-red  like  that  of  perman- 
ganate of  potaiisium.  and  the  green  colour  is  restored  by  acids. 

It  does  not  precipitate  prlatin,  or  the  salts  of  quininr. 

Xhcompositions. — 1.  Oxyphenic  a«id  turns  yellow  when  heated,  and  becomes  wmewbal 
richer  in  carbon.  It  also  leaves  a  plight  black  residue  when  sublimed.  This  recidoa 
boiled  with  water,  leaves  an  empyreumatic  resin,  and  yields  a  brown  decoction;  on 
pvaporating  this  liquid,  a  black  film  forms  on  the  surface  and  a  broivn-block  residue  is 
left. — 2.  It  burns  Mrith  a  bright  tlame. — 3.  Its  aqueous  solution  tnms  reddish  in  coo- 
fact  with  the  air,  and  may  be  evaporated  without  docompottitlon. — 4.  It  is  rapidly 
decomposed  by  chlorate  0/ potassium  ajid  hydrochloric  acid,  yielding  perdiloroquinone. 
— 6.  yUric  acid  acts  upon  it  with  violenee,  evolving  red  Taponrs.  The  products  of  this 
reaction  are  oxalic  acid  and  traces  of  a  yvllow  nitro-acid,  probably  oxyphrnic  acid, — 6, 
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With  aqueous  ektoridt  of  lime  orait'd  chromate  0/  potassium^  it  formi  a  black  liqnid 
•nd  a  black  precipitate.^?.  With  aqiieoua  cauatie  alkalis  or  idkaline  carltonates  it 
forms  a  mixture  wbieh  is  yellow  Mt  fii»t,  then  becomes  grpcnish-yeUoWf  ^^^  lastlr 
black.  The  aqueous  solution  of  ozjphfnic  acid  produces  a  greenish  precipitate  vita 
aiitftr  sMutiony  the  silver  being  partly  re<lue«d,  and  a  dark  brown  precipitate  with  sol- 
ution ofjji'id.  To  platinic  chloride  it  gmdiiiUlY  iinparta  a  green  colour  and  then  forma 
a  greenish -brown  prccipitat*.  According  to  Waener,  it  caaily  reduces  silver  ftitratf, 
tturic  ckJ"rtdt  and  jUaliitU:  chloride ;  and  at  a  boiling  heat,  cupric  sulphate  or  acetate 
mixKl  with  potash ;  it  nliKi  imparts  a  brown  colour  to  cupric  acetate,  and  then 
Airmsa  Uuck-browo  precipitate.     It  is  not  altered  by  sulphurous  acid.     (Wagner.) 

Aoetort/phenic  acid,  C*H\C  H'0)*0'»  is  produced  by  the  action  of  chloride  of 
acetyl  on  oxyphenie  acid.  It  is  easily  fUaiblc^  insoluble  in  water,  but  soluble  ia 
alcohol,  whence  it  crystfUliBeatuucrdlra.  It  dotfl  not  ereu  colour  iron-saita.  (Nacbbaur, 
Ann.  Ch.  Fliarm.  crii.  243.) 

BtnMfixi/phrnie  aeid,  C*n*(C'H*0)'0*,  is  obtained  m  like  manner  as  a  viecid 
mass  which  solidities  in  tb**  cryatHlline  state  after  a  fear  days.  It  Li  insoluble  in  water, 
easily  soluble  in  ulkiilis  and  in  alcohol,  and  cr}'&tttl list's  from  the  hitter  in  funnel-shaped 
tno^es  of  rhombic  crystjils.      1  Hh  solution  colonrH  iroii'SalU  green.     (Nacbbanr.) 

OXTPSSM-r^-SVltPaintZG  ACm.  C'H'SO*.— This  acid  is  fonned,  with 
erolution  of  nitroj^en,  when  the  aqueous  solutioo  of  diazophenyl-sulphuric  acid, 
OH'N'.SO*.  is  heattd  above  6il®.  Its  silrcr-snlt.  C"H*Ag80\  crystallises  in  small 
neidlea.     (R.  Schmitt.  Ann.  Ch.  Pbarro.  cxii.  118.) 

OXTVSnciUIAJriir.     See  Feuctdanix. 

OXTVBOKPBT&XC  ACXS.    A  oitro-acid  produced  by  the  action  of  nitric  acid 

on  euxnnthouo  (ii.  610). 

OXTPZCRXO  ACZH.  C*H»N*0*  -=  C'W{'SO''yO\-~Styphnfc  acid  (from 
erw^pfJ^,  astj-iiifrt'iitV  Artificial  hitter  or  artijunaJ  tannin  of  Brazil  mood -extract. — This 
acid,  which  differs  from  picric  or  trinitrophenic  acid  by  1  at.  oxygon,  is  produced  by 
the  prolongod  ai>tion  of  nitric  acid  at  the  boiling  heat  on  extract  of  Brazil  wood 
enxantjonp,  gum -ammonium,  asafcetida,  galbanum^  sfl^penum.  or  the  aqueous  extract 
of  fustic  or  SBiiJal  wood.  It  wus  flr^t  obtainnl  in  an  impure  state  by  CheTreul  in 
1858  (Ann.  Cb.  Ixri.  116;  Uxiii.  43),  afterwards  in  the  pnre  Mate  and  more  e3cact)y 
inreitigated  by  £rclmann  in  1846  (J.  pr.  Chem.  xxxrii.  409;  xxxriii.  Zb6\  and  a 
few  weeks  later  by  Bottger  and  Will  (Ann.  Ch.  Phorm.  Iviii.  273). 

Preparation, —  1.  From  Asafuetida.  1  pt.  of  asnfcetida  in  lumps  of  the  aise  of  a 
walnut  is  heated  to  a  temperature  betwe<»n  70^  and  7d*^in  a  wide  ^rcehiin  basin,  with 
4  to  6  ptR.  nitric  acid  of  ftpwiftc  gravity  1"2,  fref  from  sulphuric  and  hydrochloric 
acid  ;  and,  after  the  resin  has  become  »oft  and  divided,  and  a  thick  froth  has  risen,— 
which  must  be  prevented  from  running  over  by  diirring— the  mass,  which  is  then 
lemon -coloured  and  viscid,  is  kept,  together  with  the  mrrounding  nitric  acid  lii^uid,  at 
the  boiling  heat,  with  fVequent  addition  of  fresh  acid,  till  (in  6  or  6  houn]  it  la  com- 
plet<?!y  dispolved  ;  after  which  the  dark  red-brown  aolution  is  evnporated  nearly  to  a  syrup 
and  mixed  with  a  small  quantity  of  water.  If  it  then  gives  a  greasy  resinous  precipitste, 
it  roust  be  boiled  for  a  longer  time  with  nitric  acid ;  but  if  it  gives  a  yellowisii  sandy 
precipitwtp,  it  must  be  carefully  ev.iporated  to  a  thick  f*ynip  to  Hrive  off  the  greater 
part  of  the  nitric  acid ;  then  heated  to  the  boiling  point  with  a  tolerable  large  quantity 
of  water;  mixed  with  carbonate  of  potassinm  as  long  as  effervescence  ensues,  but  no 
longer  (so  a«  not  to  reflisaolve  any  undecomposed  portion  of  the  re«in  which  rises  to 
the  surface  when  the  liquid  is  neutralised) ;  strained  through  prey  paper  ;  evaporated ; 
and  left,  to  crjutalliss.  The  mother-liquor  repeatedly  evaponited  and  cooled  yields  an 
additional  Quantity  of  irystals  of  impure  oxypicrwte  of  potawMiim.  till  at  last  nitrate  of 
potaetfiam  (but  no  osalnte)  separates  out.  The  needle-shaped  crystals,  united  in  red- 
brown  crusts  and  ncxlnles,  are  freed  from  the  mulher-liqunp  by  draining  on  bibulous 
paper,  twice  recnHriilltKod  from  water,  with  addition  of  animal  charcoal,  and 
dissolved  in  tbo  smnlle^  po^ble  quantity  of  boiling  water  ;  nitric  ueid  ia  then  added; 
and  the  oxypimc  acid,  which  aepamtea  after  complete  coiding  as  a  yellowish-white 
powder,  or  m  fern-like  lamina;,  is  eollected  on  a  filter,  washed  *teveral  times  with 
cold  water,  and  after  thorough  drying,  rerryslalli^ed  froro  Itfiiling  Absolute  alcohol. 
This  process  yields  3  per  cent  of  oxypicric  acid.     (Bottger  and  Will.) 

2.  From  c^mTnercial  txtract  of  Brazil  wood. — The  mode  of  pr«'pariiiiou  is  simlliir  to 
the  preceding. 

3,  From  Eurantfutne  or  h^ixatUhic  acid. — These  substances  are  boiled  for  eozne  time 
with  nitric  acid  of  specific  gravity  1-31  ;  the  solution  evaporated  over  the  wat/*r-bath, 
below  100°  towards  the  end  ;theBpannglysolubIeoxypicricacid  separat  ed  from  theoxalic 
acid  by  repeated  crystallisation,  and  dissolved  in  diluto  cjLrbonate  of  ammonium  ;  this 
■olutioQ  saturated  while  worm  with  carbonato  of  ammonium,  whereby  the  oxypicrata 
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of  ammonium,  which  i»  insolnbk  in   ftqaeoos  earbonato  of  aminoniai,  ia 

tTyiliiUiM  in  yellow  f^^ur-sidej  priarrni  :  tbrse  dystuli.  if  too  dark-coloorrd, 
by  fioimHl  chttroal  ;  and  the  oxypicria  acid  ia  separated  from  them  by  ' 
acid. 

4.  From  Pfucfdanin. — Theoxypi'*ricacid  obtained  by  treating  peuordanin  with 
nitrie  ac?d,  iji  mix^d  with  potonli  to  free  it  from  the  oxilio  aeid   whieli   is  abaw 
nitxf>d  with  it ;  iho  oxvpicratc  of  potnasium  which  cry^frtllisM  out  ia  washed  with 
watfr;  ita  solution  in  hot  water  \»  precipitated  b^  a  l^ad-aalt ;  and  the  acid  ae; 
from  the  precipitate.     (Hot he,  J.  pr.  Cnem.  xln.  376.) 

Propertifji. — Oxypicrie  acid  cry«talliflee  in  pale  yellow,  regnlar,  nx-aided 
iwaemblint;  pyroraorphite ;  they  grate  belw**en  the  teeth,  melt  when  carefully 
and  solidify  in  the  mdiated  form  on  cooling.  It  haa  a  filightly  rough  tatft«,  naitW 
bitter  nor  to\iT,  but  reddens  litmus  atronply,  and  when  diB»«olT«i  in  aleohal, 
colours  the  akin  pf^rmanently  yellow.  It  diMolves,  with  yellow  coloor,  in  104  pu.  at 
water  at  26°  (Krdmann);  in  88  pta.  at  62'>  (Bottger  and'Will).  It  ia  tmSj 
fiolnble  in  alcohol  and  in  ether  :  more  eaaily  in  atmng  acrtic  acid  than  in  init«r.  tt 
dissolrea  abundtintly  in  strong  nitric  acid;  leas  freely  iu  strong  hydrochloric  aaid^oA 
is  partiHlly  precipitated  from  both  acida  by  water  iu  the  form  of  powder.  It  gim  a 
ropious  precipitate  with  gtfatin, 

Drcfrnj^muonn. — 1.  Oxypicric  acid  heated  somewhat  abore  its  melting  point  gmt  off 
inflamrnHble  vapours.  VThen  suddenly  heated,  it  defliicrates  like  gunpowder,  witb  a 
bright  yeliow  flame,  mostjy  bordered  with  orange-yellow,  and  leare«  a  rvtidat  of 
eharcoal.  When  gradually  heated,  it  gives  off  mtroua  gas,  mtz»geii,  earboDie 
anhydride,  inflammable  gas  and  water,  and  leavoe  TPrj  Bnely-divided  charcoal;  oa 
red-hot  iron  it  deflagrates  with  flame.— 2.  It  is  complntefy  destroyed  by  boiling  m«rtv 
h'/dmrhlfrric  acid,  with  formation  of  oxiilic  add.  when^iis  boiling  eoneentrated  nitric  of 
hydrochloric  acid  alone  has  no  action  upijn  it.— 3.  It  i«  dccompoaed  by  boiling  oH  of 
vitrioi.  It  is  not  decomposed  by  boiling  with  excewi  of  conceotmted  potash:  aad 
when  digested  with  lime  and  ferrous  sulphate,  does  nut  form  a  red  liquid,  aa  picric  add 
do^p,  but  a  eoloarless  liquid. — 4.  It  is  not  altered  by  fiulphydric  n>^d,  but  the  U^ 
yellow  mixture  of  the  acid  dissolved  in  alcohol  with  stifphide  of  ftmmontHit,  xjnr 
mediatHy  soqaires  a  dark  brown-red  colour  when  heated,  and  leaves  on  eraporation  % 
black  moss,  containing,  besides  snlphnr  snd  a  small  quantity  of  blarlc  powdec.  ta 
ammonium-salt  which  may  be  dissolved  out  by  water  and  wfaoae  acid  resemble*  pioia 
acid  and  oxypicn'c  acid. — -6.  The  hot  aqueous  add  diasotrea  ferrous  svlpkid*  with  \tm 
evoluHon  of  sulphydric  acid  than  might  be  expected.  Witb  rinc  or  rron,  it 
gives  off  a  less  than  proportionate  quantity  of  hydrogen,  forming  greonish-brown  ^ 
tiona.  It  does  not  act  on  cadmium,  loa!d,  copper  or  silver.  Its  powder  atrewB'  _ 
pQiasHvm  (not  on  sodium)  takes  fire  when  slightly  pressed  with  a  pestle. 

OxTTiCRaTva. — Oxypicric  acid  easily  decomposes  carbonates.  Itia  dibasic,  fonuiag 
neutral  and  acid  salte.  Nearly  all  oxypicratos  detonate,  vhen  subjected  to  a  gradojilty 
increasing  heat  (not  by  percussion),  even  more  violently  than  the  picrates.  Krom  ths 
aqueous  solutions  of  the  heavy  metallic  salr^  of  this  acid,  animal  charcoal  remores  tha 
whole  of  the  oxide,  (ispecially  from  the  styphnstes  of  manganese,  lead,  nickel  andeoppv 
salts.     (Bottgerand  Will,  Rothe.) 

Ammonium-salts,  a.  yeutral.  C*H(NH«)'(NO')*0'.— The  aqueous  acid  nco- 
traliaed  with  ammonia  and  then  saturatfd,  while  warm,  witb  solid  carbonate  cf 
ammonium,  which  diminishes  the  solubility  of  oxypicrate  of  ammonium  in  water,  yields 
Urge  orange-yellow  nucdli^  which  detonate  slightly  when  heated  and  dissolve  is 
water  more  rcftdily  than  the  acid  salt  (Rottgpr  and  Will).  The  cryatala  are  mono- 
clinic,  ejthibiting  the  combiniition  ooP.  [  ooPoo  ]  .  oePoo  ,  (^Px  1 .  —P.  -»-?.—?«. 
Katio  of  prinL'ipul  axia,  dinorliMgonal  and  nrthodiagonal  *  1 :  1*6609 :  2*090.  Angle  of 
ioulinedaxes  »  76^52'.  Angle  ooP  :  ooP  in  the  cUnodia^nal  principal  section  **  101° 
32';  [Poo]  :  [P*:!  =  IS^J^S'-     Cleavaee  imperfect  pamllol  to  [qdPoo].     (Schabua) 

&.  Acid.  C'IP(Nn*)(KO')»0».  — Obt.iined  by  nenrrftli^ng  one-half  of  the  acid  with 
carbonate  of  ammonium,  adding  the  other  half,  then  ovsporating  and  cooHng.  A  com- 
paraliTely  dilute  solutii^nyit^ldslnrtre.  liphr -yellow,  flat  ne«*dlM,  and  a  solution  more  con- 
centrated by  evaporation  yields  capiliarj-  interlaced  needlea,  which  detonate  verv  sligfatir. 

The  barium-salt,  C*HBa"(N0^;"0'.2H'0.  is  very  soluble,  and  ciystkliises  m 
oninge-eolniired  very  shortened  needles,  which  give  off  half  their  water  at  100°. 

The  cadmium-  salt  is  debqu^'scenl. 

The  cfl/piHm-Afl/f.  2C"Hrir(NO-)*O'.7H»0?  is  alw)  very  »oluble,  and  cryrt^IisM 
in  nodules  which  give  off  10*22  per  cent.  (2  at.)  water  at  100°. 

Th*  cohali- salt  form*i  light-brown  very  soIuMp  needles.  The  ammt>nio-<>ohaUvms 
salt  forms  brown-yellow  needles  ;  the  potassio-coha/tovs  salt,  hard  brown  nodules. 

The  euprir  soft.  C*HCu'*(NO')^».HK),  ia  obtained  in  hght  yellow  ne^dlM- 
liATing  a  solution  of  cuprio  carbonate  in  oxypicric  acid  to  evaporate.     The 
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tuprie  wait  is  obt&incd  ia  bruwii,  mudcrutcly  soluble  tricUnio  cnrBt&ls,  bj  diasolTing 
enpric  carbonate  in  a  saturated  f<oIuiiun  uf  oxypicratf  of  aramooiain.  The  pottusio- 
cupric  «atf,C"H*K^CV(N0«)*0«.4H»0?  prepared  in  like  manner,  forma  tuft«  of  brown 
nwdlea  vbicb  dptonaf**  with  great  Tiolfnco  when  heated. 

Iron'saUa. — The  fiUnita  obtained  bv  precipitating  the  bariom-valt  with /errvus 
tufphale^  slowly  yields  black-green  cn'»^a  which  dlMtwlre  readily  and  pass  to  a  higher 
Kt:ite  ot' oTidHtion.  The  amTnonium>flalt  inlxrHl  with  iron  hlura  forms  yellow  needles  of 
f.  rric  oxtfiH(ra(r. 

Lrad-saft. — The  Nz-N^rof  W^  haa  not  been  obtained.  A  aolution  ofnontral  lead 
acrtatcmixodwith  uxvpicric  licid  forms  a  light  yoUow  flocculent  precipitate  coDsittting  of 
a  iHtsic  salt,  C»^H'Pb\NO=/0».2Pb"0.3H50.  It  is  insoluble  In  wi»t«r,  and  when  dry 
deron^ttes  by  mere  pressure. 

Tht<  magnraium'^iaU  is  rery  soluble  and  difficnU  to  crystallise. 

Tho  manqaneae-aalt  is  ohtnintHl  by  precipitutiDgtho  biirinm-aalt  with manganons 
palphate^  and  e\'aponiting  in  li^ht  yellow  rhontbic  tablets,  which  wht^o  heated  melt  in 
thnr  iratOT  of  aystallistttion  and  turn  red.      It  gives  off  22'98  per  cent,  water  (10  at.) 

The  nicktl-salt  ciystalliflM  with  difficnity  in  light  yellow,  rery  soluble  needles. 
Th*"  nickrt-pfittusivm  aalt  forma  bruwn  cnstBtflne  Croats. 

Fota8$ium'gaUs.— The  nexUral  salt,  CHK'(NO')'0',  forma  thin»  truncated 
ownge-yellow  needlra,  RpKringly  soluble  in  w.it^r.  Potash  added  in  excess  to  the 
aqueous  acid  throws  down  thin  pftlt  in  the  form  o^  a  crystiUliae  powder.  The  acid'taif, 
OH'K(N0')'0''.H=0,  oltained  by  Mtumting  half  of  a  tiven  quantity  of  oxypicric  acid 
with  rtirbonufo  of  poto-ssinm,  an<l  then  adding  the  otherTialf.  crystrtiriHes  in  light  yellow 
capillary  needles,  which  give  off  their  water  of  crystal liflnti on  at  100°. 

Silvrr-aafC,  C*HA4i*(N0*)*0'.  Tlie  solution  of  carbonate  of  silver  in  the  sqaocius 
acid  at  60°,  or  the  mixtnrt'  of  the  p(itafi«iiim-HiIt  with  a  raoderalely  strong  solulitin  of 
nitrate  of  silrer  prepared  at  60°,  yield^  wh»*n  somewhat  quickly  cooled,  light  yellow, 
flikt  ne*^llefl.  three  inches  long,  or  by  iilow  cooling,  liunuia  which  dissolve  uparingly  in 
water,  and  from  whose  lulation  the  silveT  is  reduced  on  boiling,  with  decoiflpoeition  of 
the  acid. 

Sodinm-taU «.— The  nnitral salt,  2CirNa'(NO*)'0«.5H*0  (?),  cryst jillises in  email 
light  yellow  needles^  very  soluble  in  water,  and  ginnu  ofTlhe  whole  of  their  crystolliBa- 
tion-water  at  100°.     The  acid-nalt  has  not  been  obtained  in  the  crystalline  state. 

The  strontium-salt,  C^HSr^tNO'jH)' 2H-0,  is  much  mnre  soluble  than  the 
barium-salt,  but  crystallises  very  easily  from  a  modenitely  concutrated  solution  in 
vety  large  nodules  compoBod  of  lung  light  yellow  needlea,  which  give  oflr7'02  per  cent, 
water  at  100*. 

OXTVXHrZTAinarzc    ACn>.    C*;H'*0*.— An  seid  said  by  Kawalier  (Wien. 

Acad.  Ber.  xi.  364)  tn  occur  about  Christmas  in  the  needl'^a  of  the  Scotch  fir  {PmuM 
sylvcstris).  To  extract  it,  the  comminuted  nt;edlc«  are  exbaufcted  with  boiling  alcohol 
of  40  per  cent;  the  alcohol  is  distilled  off;  and  the  residue  is  mixed  wiui  water» 
which  throws  dnwn  a  preen  mass  of  reain,  while  the  Baprrnulnnt  liquid  retains  in 
solution  pinipirrin  sugiir,  oxypinitjinnic  acid,  pinitannic  acid  and  tmros  of  citric  acid. 
This  liquid  niJiy  b**  rendered  fihmble  by  addition  of  a  few  <ln>ps  of  neut-ralkad-acetftte; 
and  on  mixing  the  filtrate  with  an  excess  of  that  re.ii?ent.  oxypinitannate  of  lead  is 
precipitated.  This  preoijiitate  is  then  to  bo  digested  with  dilute  acetie  acid  ;  the  filtpjte 
pre<!ipil«led  by  basic  lenif-acetnte,  which  ihrowadown  pure  oxypinitannata  of  lead  ;  (h« 
wa.sbed  precipitate  decomposed  by  aulphydric  acid ;  and  the  ftluute  evaporated  over  the 
wster-bHth. 

OxypiniTannic  acid  ia  a  brownish  inodorouR  powder  having  a  verr  astringent  tast<^ 
easily  soluble  in  vatMr.  The  aolution  is  coloured  yellow  by  ammonia;  forms  with 
har}-ta-water  a  yellow  liquid  which  deposits  red  flocks  when  heated  ;  is  coloured  green 
hy  ferric  chtvrid^r ;  and  farms  a  grewniph-brown  prct'ipltate  with  euprie  sulphate  and  a 
rmall  quantity  of  ammonia.  It  is  not  precipitated  by  tartar-emetic  or  nitrate  of  silver. 
"When  BUpersnturuted  with  nmninnia,  it  quickly  absorbs  oxygen  from  the  air  and 
Requires  a  brown  colour.  By  boiling  with  hyiirr^chlorir  acid,  it  arquirus  the  colour  of 
carmine.  When  lx)iled  with  dilute  sidphuric  acid  it  depOAits  a  red  powder,  but  does 
not  yield  sugar.  The  ammonium-ealt  mixed  with  tUmr-vitraU^  becomea  torbid  and 
deposits  metallic  silver  when  heated. 

OXT7XOTSZK.     See  Photedt. 

OXTPTXO&ZC  ACXS,  C'H"0'7  (Arpp»,  Ann.  Ch.  rUarm.  xcv.  242.)— An 
ftcid  said  to  be  prrxlueed  simnlUneously  with  succinic  acid  by  the  action  of  nitnc  acid 
on  eebacic  acid.  It  cr^'stnllisea  somctimps  in  colourless  lominop,  sometimes  in  spherical 
masses  ;  disaolres  in  42  pts.  of  water  at  20°,  much  more  easily  in  boiling  water,  melts 
at  130^,  and  dceomposti^  at  higher  temperatures.     It  gave  by  analybis  i7'7  to  481  per 
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eriiu  Qurbon,  and  6-6  to  6*9  hydrogen,  the  abore  formula  requiring  47*7  cariMsa  sod  C9 
liydrugrn.  The  silver-salt  gurc  67*0  percent.  Bilver,  theforrauU  0'H**A^H)*  rrnQUke^ 
6il  |wr  cent.  Acconling  to  Win  (Ann.  Ch.  Pliarm.  civ.  267),  this  Held  U  iiipotinj 
vritli  piniulic  acid,  C'H'^0*.  Arppe  in  a  later  comnmnication  (Ann.  Ch.  Pbanu.  esi. 
143)  staUa  that  the  acid  obtaisM  aa  aboro  easily  pHMoa  from  the  granaUr  iuuow 
iHrniiiAr  t'onn,  thul  the  oompoHition  of  the  granulur  ni^id  H^f'os  best  'with  tha  fixBik 
vf  jiifiielic  urid,  but  tho  l&minivr  acid  hiw  the  composition  C'H"0*. 

OXTQirZKnrBi  A  compound  formed  by  boiling  Bulphate  ofquLnisewith  tritnli 
of  potjifipium.  Nitrogen  gai  ifl  thfn  erolvfil,  and  the  liquid  when  culd.  rielda  wvk 
ammuuia  a  whit«  cryntallo-gTunuUr  precipitute,  the  alcoholic  solutioD  of  which  leavft 
on  evapomtion  a  traniiparont  amorphous  residue,  quickly  brooming  rryvtalline  in  ooattei 
with  wat*r.  The  cryBtallino  granulea  melt  at  100'^  in  their  water  of  cryataUiaatien, 
gire  it  off  at  130'^  and  ar«  coarertod  into  a  colourlcsa  transparent  moAS,  which  remaiat 
■olid  at  140°,  and  contain*  C^n'*N*0'  =  quinine  +  1  at.  oxygen.  It  iain»oluMeia 
water,  soluble  in  ah^hol  and  ether,  and  leaa  bitter  than  quinine,  (Schntsenberger, 
Compt.  rend,  xlvii.  81.) 

OXTRKOFBOirfi  (from  pa^ivtip^  to  absorb).  A  name  appUe<l  by  Dob^refn^r 
to  platinum-blnck,  l>ecanae,  according  to  hta  obaarvatioita,  it  absorbs  oxygen  firam  thi 
air  and  nut  nitrogen. 

OZT8AXZC7X>XC  ACI9,  C'B'O*.  (Lnntpmann,  Ann.  Ch.  Pharm.  exx. 
299;  Jahpt^sb.  1862,  p.  397-) — Thii  acid,  metflineric  wiUi  earbohydroquinonie  (iii  2U\ 
hypogallic  and  protocatechuic  acida,  ia  produced  by  boiling  a  aolntion  of  mono- 
iodosaticyHc  acid  in  cauatie  potash.  When  the  roaotion  ia  completed  (i.  t.  when  a 
drop  of  th**  liqtiid  mixed  with  hydrochloric  acid  no  longer  giveji  a  precipitate  of 
iodoaalicylic  acid)  the  liquid  is  to  bo  Blightly  enper^iitiimttKl  with  hydrochloric  acid, 
and  filtered  when  cold ;  and  the  filtrate  shaken  up  with  ether,  which  take?  np  nothing 
but  oaysalicylic  a^'id.  and  leaves  it  on  evapomtion  as  a  brown  crystAlline  maaa.  Tba 
acid  is  purified  by  treating  its  solution  with  acetate  of  lead  and  solphydrie  acid. 

Oxysalicylic  add  forms  highly  luNtrona  needles  easily  soluble  in  water,  alcohol,  and 
r/4rr.  The  aqueouB  solution  mixKl  with  ferrie  ckioride  afqair^a  a  deep  bine  colnur. 
changing  to  a  splendid  violet  on  Addition  of  acid  eArbonnte  of  ftodinm.  The  crrstalUaed 
Hcid  i.ontains  no  watf»r  of  crystal lisatiou ;  it  melts  at  193°  and  is  rcaolved  l»etweeu  210* 
and  212°  into  carbonic  anhydadeaad  oxyphenic  acid  CH*0',  together  with  ita  iaooMr 
hydroqoinone. 

The  sails  of  ocysftlicylic  acid  are  very  unstable;  those  of  the  alknb'ne  earth-meU]s 
turn  brown  and  decompose  when  their  aqueous  solutions  are  exposed  to  the  air.  The 
arid,  in  contact  with  alkalis,  instantly  bf^omes  reddish,  and  soon  afterwards  brown. 

Stoxysalloj'Uo  or  OaUIo  Add,  C'HH)\  is  produced  in  like  manner  by  the  actioa 
of  Itoilinp  potash  on  di-iodosalic^lic  acid  (ii.  760),  but  a  considerable  portion  of  t^ 
gallic  acid  thus  formed  is  converted  during  the  process  into  pyrogallic  aad,  the  potad 
acting  upon  it  under  the«ic  circumstances  in  the  same  manner  as  a  high  tempentoi^ 
T>i-iodo9alicylic  acid  hnated  for  six  hours  to  150°  in  a  sealed  tabe  with  excesii  of  potM" 
sium  carl>onute,  yi*»lds  a  mixture  of  salicylic,  oxysalicylic,  and  dioxyaalicylic  acida. 

OIXT8AXT8.  Salts  of  oxygen-acids,  or  oxides  in  which  the  hydrogen  of  the  tjft 
nH-O  in  rejiliiced,  partly  by  acid,  partly  by  basyloas  radicles.     (See  Saints.) 

OXTST&TCHVZnrSB.  (Schtitaenberger,  Compt.  rend,  xlvii.  70.) — Con- 
pounda  produced  by  the  oxidation  of  strychnine.  When  sulphate  of  strychnine  ia 
boiled  with  nitrite  of  potassium  in  aqueous  solution,  nitrogen  is  abundantly  erolved, 
andthe  liquid,  on  addition  of  ammonia,  yields  a  light  yellow  flocculent  substance  which 
cryfit^Jliees  from  alcohol  in  transparent  orange-yellow  eryptals,  apparently  having  the 
form  of  rhombic  prisms  with  truncaU'd  edges,  and  consisting  of  oxyst rychnine^ 
C'U^N^O'  =  C"H«N'0»  (strychnine)  f  3H=0  +  0.  The  mothej^Uquor  os 
further  concentration  deposits  darker  coloured  orange-red  prisma  of  d ioxy strych- 
nine, 0"H«N'0'  ^  C^'H-N'O"  +  3H=0  +  0'.  Both  compounds  are  inaoloUe 
in  water  and  in  ether,  contain  no  water  of  cri'stalliaation,  decompose  at  300°  and  huva 
a  bitter  t.i«t'>,  l<ut  not  so  strong  as  that  of  strychnine. 

OX7ST7X»PBXI>BS.  Compounds  of  oxidee  and  sulphide  or  anlphides  in  idiidl 
the  sulphur  is  jHirtly  replaced  by  oxygen.  Many  metallic  oxysulphide*  occur  m 
njitural  minerals,  rrd  antimonr/  or  A-^rmrMme  for  example;  many  others  azw  fiaracd 
artificially,  as  antimtmial  cro^-U4  or  eaffron  (i.  328). 

OXT&UXFBOCAKBOKIC  ETB£KS.     See  ScLPHOCAnBONic  ETKUta. 

OXTS17XiPBOPX.A'rX]VOC7AirX9S  or  POTABSZVSg.  See  CrairTDn  Of 
pLATiNr^r  (ii.  '_'t»7.). 

OXTSirXiPBOSirZiPSUllOVS  acid.  Syn.  with  HTPOffVLrnuEors  Acn>  (trs 
BcLrBus,  OxYOMT-ACUja  or). 
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OZTanvso  aozi>,    C»*H>*0*?~-A  nvcid  suUtoDoo  obUbea  by  oxidatioa  oi 

fvlric  acid  (7.  ».), 

^"    In 

OXTTE&SPHXBAX.A]aXC    ACX3>.       C»HTh'0»    -    (OH'O)"  S.^  .      (Del* 

Rue  and  Mfillrr,  Piwr.  Roy.  Soc  xL  112;  J&hresb.  1861.  p.  426. >— Produced  bytba 
ai:lion  of  r«duL'ing  AgeoU  on  nitrotf^tTphthalic  acid.  It  cryvtiUliiicfl  in  thin  prifims  or 
ino**-Uke  aggregations  of  lemon-yellow  colour.  It  is  Hperingly  soluble  iu  cold  water. 
&loohol,  ether  and  cbloroform,  uid  like  its  analogues,  glycoUamio  acid,  &o.,  unitea 
both  with  bavpH  and  with  fu-idn. 

The  ifXtftfrrphtkiUamaies  ar«  cryvtollisable  and  easily  aolable  in  water  and  in  nlcohol, 
forming  btrongly  Hoorettcent  aolntiona ;  the  coznpounda  of  oxyterephthalanuc  acid  with 
arids  am  likewise  cryttoliisable,  but  ure  deoompoeed  by  a  krge  quantity  of  vat«r ;  the 
acid  M)IiifioD8  are  not  finoreeeent. 

The  rthrvH  of  uxytcreplithiiliunic  acid  are  obtained  by  reduction  of  the  nitroterpph- 
thalic  Pthere.  The  methyltc  eihr  in  crystalline  and  soluble  in  varra  alcohol;  the 
etkfflui  tthrt  forms  Urge  crystola  rejtentbling  uranic  nitnte,  and  forming  a  strongly 
fluorctH^nt  solution. 

By  the  action  uf  nitrous  aci<l  on  oxyterepli thalamic  acid  in  alcoholic  solution,  a  num- 
ber of  compounds  are  formed  analogous  to  thoee  whidi  Griess  obtained  from  oxyben- 
zaroic  acid  (p.  292). 

OX7TBS&PBTBA&IC  AJOTU,  C*H"0*,  ia  produced,  with  copious  erolotion  of 
nitrogen,  b;  the  action  of  nitrous  add  on  oxyterepbthAlamic  acid  The  tdU  are 
crystal i»able,  and  less  solohle  th^n  the  corrpsponding  tereplithalates.  The  nentrai 
tincTt  tire  liquid ;  eo  also  ia  the  ikl</rxdf  of  oiytert-pktnaJyl,  which  IS  easily  soluble  in 
water  and  in  alcohol.     (De  La  Rue  and  Muller.) 

OZTTOIbXO  AOXD.  C'H*0".  (FiMig.  Ann.  Ch.  Pharm.  cxx.  968.)— An  acid. 
isomeric  with  wili-'ylic  and  oxybeiizoic  acids,  and  perhapMi  also  with  ampelic  acid  (i.  201). 
Jt  is  produced  by  tlie  oxidation  of  toluene  (hydride  of  benzyl,  i.  673).  When  toluene 
(boiling  between  lOB^  and  113°)  is  boiled  for  four  or  fire  days  with  a  mixture  of  1  pt. 
commercial  nirrio  arid  and  2  pts.  water,  a  cr}'stHlh'ne  mixture  of  acids  is  obtoined  which 
are  somewhat  difficult  to  flcparuto.  On  rcpo-at^'dly  treuiing  the  crystalline  mass  which 
rvmains  after  the  distillation  of  the  unaltered  toluene  and  the  nitrotoluene  with  a 
small  quantity  of  hot  water,  so  that  about  a  fourth  part  shall  reinaiu  undissolved,  and 
leaving  the  solution  to  cool,  oxytolic  acid  crystallises  out,  and  mny  be  purified  by  dis* 
filiation,  conversion  into  a  caldum*salt,  and  rvpented  crystaUisatioD  ot  the  latt«f,  tiU 
the  acid  sepHnited  from  it  melts  ooniitantly  at  ISO''. 

Themother-liquor  of  the  oiytolate  of  I'aU'ium  yielded  a  calcium-ftalt.  the  arid  of  which 
appeared  to  be  impure  benxotc  acid.  The  less  soluble  portinn  of  the  product  of  tlir 
oxidation  above  described  contained  an  acid  which  exhibited  nearly  the  composition 
C'HH)^;  but  it  did  not  melt  at  a  constant  temperature,  and  still  contained  nitro^n 
whence  Fittig  eonclades  that  it  consisted  of  oxytolic  acid  contaminated  with  a  nitro 
compound. 

Oxytolic  Bcid  is  epnnngly  soluble  in  cold  water.  l>tit  dissolves  more  freely  in  hot 
water  and  in  dcohoL  It  crystallises  from  wnter  in  colourless  needles,  melts  at  180°, 
■olidiflee  at  177°  sublimej*  below  iXt*  mdtinji  poict  and  distil?  undecompopcd  at  higher 
temperitures.  The  vapour,  both  of  the  dry  acid  and  of  the  aqueous  solution,  excites 
coughing,  like  benzoic  acid. 

Oxytolic  add  is  monobasie.  The  potasaium~*alt,  CH*KO*,  is  very  soluble  in  vater, 
and  crystJtlUsrfl  from  alcohol  b  smaLl  needles.  The  aodium-talt  is  precipitated  as  s 
jelly  tiom  its  aqueous  solution  by  alcohol.  The6ariMai-M//,  C"H'*Ba"0*,  gives  oflf  iti 
water  of  crystallisation  (amount  not  determined)  over  oil  of  vitriol.  The  calcium-sait 
C"H**Ca''0'.3HK),  crrsUllises  in  needles  soluble  in  waterundin  alcohol.  The  nivfr-wU^ 
CH*AgO",  is  a  white  precipitate  which  dissolves  in  hoi  water,  and  crystallises  tbere- 
trom  in  needles.  Iron,  copper,  and  Uad'talU  are  likewise  obtained  by  precipitution  with 
oxrtolate  of  ammonium. 

^he  reactions  of  oxytulic  acid  rt^emble  those  of  Laurent's  ampelio  acid  more  than 
those  of  either  of  its  other  ijwmers  (i.  201). 


H-orjo 


OXTTOX.UAIOXC     ACZB.      C'H'NO'     -     (C"H'0)*'lo  ct  AmiiofiJuit  odd, 

H      1 

C*H'(NH')0*;  also,  but  improperly,  called  Toluamic  acid.  {CahourB,Acn.  Ch.Phann. 
cvii.  147.)— -Obtained  by  reduction  of  nitrotoluic  acid  with  sulphide  of  ammonium,  jtuit 
asitsbomologue.oxybenzamic  Acid(p.  290),  is  obtained  from  nitrobenxoicacid.  It  unites 
with  acids,  funning  crvstaUioabLtt  compounds  rfrMmbling  thoM  of  oxybeoziimic  acid 
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&22 


OYSTERS— OZOCERITE 


The  kt^drockluraU,  CH'NO'.HCl,  cryttallisw  in  small  nacr«oa«   needles .  Uw  cUm^ 
vlattnat^,  (C*H"NO-)».H»CRPt"Cl«,  in  red-brown  ofledlcA. 

Dia^oUuyl-oxytoluamk  aeU,  C'«H'*N»0* .  }H«0  -  OH*NK)».C*H*NO* .  fHHD.  u  p». 
duhhI  by  beating  oiytolnamic  acid  with  nitrous  ether  to  30**,  juat  aa  tb«  cou«^udim 
[»emoic compotind  i»  obtaiaed  from  oxybenzamic  acid  (p.  292),  It  forma TtdSov ata^ 
ftoopie  priama,  iDtolubU  in  water,  alcohol,  and  ether ;  acid*  diasolve  and  ocoonnMil; 
alludis  diMwIre  it  im&lrered.  lU  reactioaa  are  pr«cisf Ijr  analogoua  to  thoae  os  dii» 
b«>a20-oxybeDzamic  acid. 

The  potatMiitm-,  todium^,  and  ammonium-tidU  of  thui  acid  form  eaail;  solnble  ay^ 
lioe  masBes ;  the  latter  easily  dccompoaes  wheD  iti  aqueous  solation  ia  boiled.  7^ 
bmimm  talt  la  a  jreUowiah  precipitate,  insoluble  in  walpr  and  in  «JcohoL  The  »W 
9alt  ii  a  white  gelatinoDs  precipitate.     (Griess.  Ann.  Ch.  Pharxn.  cxvii.  69.) 

OTSTnas.  The  body  of  the  oyster  convisU  mainly,  according  to  M  older,  vim 
albuminohhtl  or  protein  Hubstance,  which  coa^olaies  at  90®,  and  ia  then  sulal^  a 
strong  acetic  acid.     Oysters  contain  0*6  per  cent  of  salts. 

Dried  oyiiter-efaellfi  contain,  according  to  Buchhols  and  Brands  a.  9*6  ptr  col 
calcic  carbonate,  12  calcic  phosphate,  05  albuminous  sabatanoei,  and  02  alaminajji 
According  to  a  more  recent  inv^igation  by  Scblossberger  (Ann.Ch.  Pharm.BCTia 
90),  oyiiter>shelU  consist  of  three  anatomiradly  distinct  layers  :  1.  An  inner  layer,  tlv 
so-called  ffiotherK>f  pearl,  smooth,  shining,  and  semi*trazupareiit :  Carpentct'B  ni> 
nncrtoua  »HhsU2ncf.* — 2.  The  brown,  hard  scales,  forming  the  outer  edges  of  the  suoeaan 
laminee  of  which  the  upper  shell  is  composed,  ^ese  laminat  bein^  placed  one  ofvr  thi 
other,  like  tib>a  on  a  roof ;  Carpenter's  prurnatic  edlvJar  9uhatance, — 3.  A  whitSk  ^sS, 
optique,  friable  substance,  called  by  Schiossberger  the  chalky  layer,  interposed  hen  *i 
there  between  the  lamine  of  the  shell.     These  three  layers  were  fooxMl  to  oootKB: 

1  2  a 


Carbonate  of  calcium  ....        947     98'3  80*1         88-9 

OrRnnic  matter 3-3       0'8  fl'S  47 

Other  salts  (and  loss)  ....  8*1       0*8  4*6  67 

The  Milcs  contain  small  quantities  of  phoapborio  acid  and  •|V*1i^  with  tnmif 

irlliru  and  sulphuric  acid. 

The  organic  substance  which  reniains  on  treating  the  shells  with  dilate  snlphurie  mk 
ronsifiU  mainly  of  brown  films,  which  are  insoluble  in  hot  water,  even  u  ndcr  inr Tt—  A 
pressure,  dissolve  gradually  with  aid  of  heat,  in  concentrated  niinerai  acids,  but  ealf 
partially  in  potash-ley  oi  50  ppr  cent.  The  portion  insoluble  in  potash  contaiiis  40*7 
per  cent  carbon,  6-5  hydrogen,  and  10*7  nitrogen,  and  is  thurefore  similar  in  compositief 
to  Fr^my's  conchiolin  (i.  1107).  and  is  distinguished  from  chitin  (i.  874)  by  its  lsf|» 
amount  of  nitrogen.     (Schlossberger.) 

Oyiter  uHitfr.  The  water  within  the  shell  of  the  oyster  is  not  simply  sea-water,  botii 
dintinguishedfrom  it  by  containing  If fts  salts  and  mnro  organic  matter.  Whfn  shakes  mi 
with  ether,  it depnsita  an  ulbaminous  enbelunce  rontiiiniiig  8*76per  cent,  nitrogen.  Tba 
albuminous  mnttor  amounts  to  00056  of  the  liquid,  which  is  composed  of  95*888  ptL 
water,  302'i  salts.  0A60  azotioed  matter,  0629  non-nxotised  matter  -=  100).  Tbt 
wei|iht  of  liquid  in  the  oyster  is  nearly  equal  to  that  of  the  flesh;  it  probably  coaitilb«ba 
to  alimentalion.  A  dozen  oysters  weighing  1-482  were  found  to  be  composed  of  1'2M 
■hell,  0  112  flesh,  sod  0*102  liquid.  On  calculating  the  quantity  of  alimentaij  matter 
equirnleDt  to  the  nitrogen,  it  is  found  that  a  dozen  oysters  contain  a  quantity 'tf 
KuctUw^  mnttcr  equal  to  about  one-tenth  of  the  ration  (7  daily)  of  a  man.  (Paye^ 
null.  Si»c.  Chim.  il  236.) 

OZASKITB.  An  amorphous  or  Abrous  variely  of  Thom»«nite  from  ths  Dark 
mountaiuf),  Arkaneas,  where  it  occurs  with  elaeolite;  often  also  mixed  with  apatite  (sw 
Thomnonitr). 

OKOCBRZTB  or  OKOKSSXXTX.  A  fosftil  resin  discovered  by  3fpyer  in  t  sand- 
loue  ill  MuldHvia,  in  the  vicinity  of  coal  and  rock-salt.  It  also  occurs  at  Orsatei 
near  Gnming  in  Austria,  and  at  Truflkawicsz  in  Oalieia  :  also  at  the  Urpeth  ooUiery, 
Newpii.«tle-on-Tyne.  It  is  like  a  resinous  wax  in  coDsiiitence  and  tranalueeocy,  KnBS> 
timea  with  a  foliated  structure.  Its  colour  is  brown  or  brownish -yellow  by  transnittcd 
light;  leek-green  by  reflected  light  Odour  plpasanlly  aromatic.  Specific  giafity 
=  0-94 -0-97.  Melts  at  62°  (Schrotter),  at  84°  according  bj  Malaguti ;  boils  it 
210*'  (Schrotter),  at  300^  (Malaguti).  According  to  Johnston, the  0rp«lh Tarietjf 
melts  at  60°  snd  Ijoils  ut  121°.  It  distils  without  decompomtiou,  is  not  altered  bj 
strong  acids,  and  very  little  by  hot  concentniled  alcohol.  The  Moldavian  rariely  di>- 
solves  but  shghtly  in  ether,  .whereas  the  Urpeth  variety  dissolves  in  ether  lu  th« 

•  CjrclopKdlji  of  ADutom;.  in.  Snbll. 
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MaUffuH. 

Schrfitt^r. 

Johnaton. 

8675 

86-20 

86-80 

1516 

13-79 

14-06 

Istooant  uf  foar-Af^bs.  and  Mutuutes  on  erapomtiuD  to  brown  flock*  which  mt.t  at  ZB'Q^ 
llu  a  Yeliowisb-browD  liquid.  Three  or  four  lubiUiices  tre  tfupposed  to  be  ber« 
|ioGluaed     The  composition  of  ozocerite  u  u  foUowa : 

Moldavia,  Vrpeth, 

Cubon 

Hydrogen 

100-90  9999  100-86 

It  ie  deoomposAd  by  dry  distillaiion,  yielding  according  to  Mulguti,  10-34  per  cant, 
f|Mf  7i'0l  oily  matter,  1265  ciystallioe  lubatance,  and  310  ciLrbonacooiu  rwridne. 
(Qerb.  IT.  399.     Dana,  iL  474.) 

Bertotio  (Jahretb.  1860,  p.  797)  examuwd  a  fossil  resin  aent  from  Rio  Janeiro  as 
oweerite,  but  of  anknown  origin.  U  wns  yellow,  dhiniag,  greMy  to  the  touch,  of  th» 
hardneea  of  talc,  with  a  oonchuidal  tracture.  Specific  fCT''^)ity  U-98.  It  melted  at  85**, 
and  boiled  at  245^,  tumiog  brown  and  emitting  a  fatty  odour  It  diiiBolved  in  hot 
alcohol  and  sepamtfKl  on  cooling  as  a  whitf  powder  composed  of  lanunse.  Gave  by 
analysis  6d  o  lo  70'2  per  cent  carbon  and  I2'2  hydrogen,  approximating  to  tha  com- 
position of  monomargarin  or  monosU-ario. 

OZOVS.     See  OxTQEX  (p.  299). 

OZOms-savXOOZy.  According  to  Osann,  hydrogen  evolred  by  electrolysia 
from  water  acidulated  with  milpbaric  acid,  posMsses  stronger  redocina  properties  than 
ordinary  hydrogt^n,  insiimiich  as  a  piece  of  coke  or  spongy  platinam  immersed  in  the 
gns  thus  obtained,  or  u»m1  as  the  negative  pole  in  the  circuit  in  which  the  acidulated 
water  is  decompose'^  acquires  ibe  power  of  reducing  silver  from  a  solatton  of  the  siU- 
phare,  and  of  prodncing  a  blue  colonr  in  a  solution  of  ferric  chloride  mixed  with 
ferriejanide  of  potassiam:  henee  be  calls  it  ozone-hydrogen.  According  to  later 
experiments,  howoTer,  it  appears  that  to  obtain  thin  active  hydrogen  it  is  necessary  to 
use  a  recently  prepared  mixture  of  water  and  fuming  sulphuric  acid.  (8ee  Jahresb. 
1853.  p.  316;   1854,  p.  286 ;  1855,  p.  292;  1856,  p.  273;  1857.  p.  81;  1868,  p.  64.) 

OXOVa-'UTATBB.  An  aqueous  solution  of  ozone,  which,  according  to  M  p  i  a  8  n  «r 
(Jahreeb.  1862,  p.  130),  exhibits  in  certain  cases  an  action  opponed  to  that  of  peroxide 
of  hydrogen,  preventing  the  separation  of  iodine  from  jodide  of  potassium  by  peroxide 
of  hydrogen  and  dilute  acids,  or  by  nitrate  or  iodate  of  potassium  with  adds.  When 
this  Bolutinn  in  nbakonnp  with  peroxide  of  barium,  a  violent  evnltition  of  oxygen  takfli 
place,  and  the  tiltrate  no  longer  exhibite  the  reactions  of  ozone.  Meissnf  r  regards  osone- 
vater  sa  water  combined  with  negative  oxygen  or  ocone ;  peroxide  of  hydrogen  as  water 
combined  with  positive  oxygen  or  antoxone. 


P. 


VAC^jra&O.  The  bark  of  the  Pnchnelo  tree  of  Bogota  contains  berberine. 
(Perrins.) 

9AOR3VOLXTB  (from  vd^n},  rime).  (A.  Knop^  Ann.Ch.  Pharm.  exxrii.  61. 
— O.  T.  Katii,  Fogg.  Ann.  cxix.  261.) — A  fluoride  of  aluminium,  calcium  and  sodium, 
occurring  on  Greenland  cryolite,  as  an  efflorescence  of  sineill,  shining,  colourieas 
transparent  crj-staJd  lining  the  cavities  of  the  cryolite,  or  in  larger  crystals  of  rect- 
angular porallelopi pedal  form  on  the  surface.  The  smaller  cirstala  are  rhombic 
combinatJonB  qdP  .  P  .  oP  (Knop),  alao  with  the  6ace  \  P  (v.  Katn).  The  inclinations 
of  the  faces  are  as  follows : 

T.  Rath.  Knof. 

»P :  odP 81°  as*  8l»  24' 

P:  »P 1560    tf         \6i°  10' 

P  :  P  in  the  macrodiagonal  terminal  edge  .  92°  23*  93°  6S 

„    in  the  bnchydiagonal  terminal  e^e     .         .         106°  49^         108<>    8' 

„     in  the  basal  edge \ZV*    <f         128°  20^ 

]  P  :  I  P  in  the  mitcnxii agonal  terminal  edge          .  86®  50* 

,,     ,,     in  the  brochydiagooal  terminal  «lge        .         102°  23* 
„     „     in  the  basal  edge 147°  20' 

According  to  Kuop*s  measoremeDts,  the  ratio  of  the  axes  a  :  b:  e  isO'8601 :  I  ;  1-3469. 
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PACliFONG— PALAGONITE. 


The  mineral  when  slowly  heat»d  givftf  olTaqneonB  rapbor  wiihont  mcid  retdboi;  bil 
when  quicklj  heated,  it  emita  white  Mcid  Tapoim  which  condense  on  the  side*  c(te 
glass  mbe  and  can  no  longer  be  volatilised;  the  residue  melts  easilv  to  a  tiuiduji 
enaraeL  The  eablimate  ia  insolnble  in  water,  hot  dissolTea  enjnly  in  hydrochloric  ibl 
f^Tvin^  the  reuctions  of  alatnina.  The  mineral  dissolT«e  eaailj  in  Kulphoric  aeidviik 
ernlntion  of  hydrofluoric  acid. 


It  gare  by  analysis 
AI 


13-U 

13-20 


N« 

1216 

1206 


n-26 

lS-06 


F 

60-79 
tut  dot. 


H'O 

6  60     «      102^4   (Koop), 
9-36     (t.  Rath). 

From  these  numbem  Knop  deduces  the  fortnala  sjf  ^,!F».2Ar*F*.2H»0,  wWA  ii 

that  of  a  bydrated  cryolite  having  |  of  the  sodinm  replaced  by  calcium  ;  thti  fnro^ 
reqnires  12  29  per  ceut  Al,  12  38  Na,  17'26  Ca.  61  12  F.  and  8  07  U^O.  r.  RatipTw 
a  formula  in  which  two-thirds  of  the  sodium  of  cn'oUte  is  replaced  by  ealcfum,  ad 
half  thf>  fluoride  of  aluminium  by  alumina  ;  but  he  <{id  not  d<>t#rmine  thn  flaorine. 

VAGXTOSro  or  rACKTOWO.    Chineae  &ickel-«ilrer  (see  Coma.  AiLonw, 

ii.  61). 

VXOXmr.  A  red  colouriog  mutter  obtnined  from  pbenybc  alcohol  by  thetrna 
of  salphunV  and  oxalic  acidfl.  Kolbe  and  Schmitt  (Ann.  Ch- Pharm.  cxijL  16911^ 
heating  IJ  pt.  pht-nylic  alcohol  (coal-tar  crwoeole)  irith  I  pt.  oxalic  and  2  pta.  wsm^ 
sulphuric  acid  to  140" — 160*^,  for  four  or  fire  hours,  obtained  a  dark  brown-rvd  mm, 
which  after  being  freed  from  phr'nyl-flulphuric  acid  by  bfiiling  with  watw.  MflidiCadtn 
a  brittle  reetoona  Bubatance.  This  substance  diasolTps  with  splfndid  purple-red  ttW 
in  ammonia  tud  potaah-ley,  and  separates  on  neotrnlisation  in  orange'Colunred  flodpi 
having  when  dry  a  splendid  orange-red  colour,  like  that  of  precipitated  aiiariiL  U 
melts  at  80^,  and  then  givee  off  pbenylic  alcohol ;  loeen  its  colour  when  treated  vifh 
Bodium-amslgum  or  with  iron-flliogs  and  acetic  acid,  but  isstable  iu  combioatioo  rnh 
alkalis.  It  givM  by  analysis  num^ra  agret*ing  with  the  formula  C'H'O,  and  ii  rr- 
gardeil  by  Kolhe  and  Schrai  tt  an  prohablv  wlnted  to  rosolic  arid. 

Guinon,  Marnas  and  Bnnnpt  (lUp.  Chira.  app.  iv.  450)  prepare  this  rod  rMnoa 
colouring  m&tu*r  (which  they  designate  us  pe^mine  instable)  by  heating  10  pta  pbeiiTiM 
alcohol  with  4  to  8  pts.  oxalic  acid  and  3  to  6  pts.  sulphuric  aad,  and  boiling  with  wife 
HM  abovA;  then  heat  it  with  2^  pta.  ai^ueons  ammonia  to  150°  in  a  cloved  mctalUcwttiJ 
ffJT  three  hours;  and  from  the  resulting;  solution,  by  a  process  not  further  di«cribed»  tbcy 
obtain  the  colouring  matter  in  a  form  in  which  it  withstands  the  actian  of  acids  {f^oimi 
ntaki*\  By  hf^ttting  5  pts.  of  thi«  prodoct  with  6  to  8  pts.  of  aniline  for  seTeral  hoan, 
they  further  obtAin  a  blue  colouring  matter  {a^ttlin\  inaolublo  in  wat«r,  hot  ■olohif  a 
alcohol  and  in  ether. 

VAOODZra.     8yn.  with  Aoalmatolitv. 

VAX8BE&CZTS.     f^yn.  with  Ruodohitb. 

VAXOX:  KZDAVO.     Syn.  with  CiBonuw  CrTViMflU  (i.  9S2). 

PAXbJEO-CRYBTAXS,  a  term  applied  by  Haidinger  to  the  ori^nal  mioenis 
from  which  paramnrphs  nr  pseudomorphs  are  formed  :  thns  angite  which  has  htn 
altered  tn  f<teatite,  serpentine,  &c,,  is  called  paheo-augite,  the  mineral  reeoltiDgfroa 
the  ultemtion  being  the  psendomorpb. 

PAIiAfMyirXTfl*  An  amorphous  mineral  which,  a^^cording  to  Bonsesi  aod  Sartoro* 
T.  W.-ilterfthausen,  is  an  essentinl  con^titaent  of  the  volcanic  formatiooa  of  Iceland  ml 
Sicily.  It  has  generally  a  brown  oryellowcolnnrand  aTitreousorgrea^  loatre;  hani- 
Dees  =  4  to  6;  apecuc  gravity  =  2-1  to  27-  It  gives  off  water  when  heated,  mciLi 
easilj^  beibre  the  blovpipn  to  a  blucV  magnetic  lead,  and  is  easily  deeompoaed  sad 
jrelatinised  by  hydrocnforic  acid.  It  is  however  always  mixed  with  a  number  of 
minerals,  chiefly  angite  and  felvpar,  which  are  not  acted  upon  by  acids;  in  the 
following  analyses  these  foreign  minerals  are  deducte-l  The  analyses  of  Siciliia 
paJjignnite  are  by  T.  Walters?  ausen  (Ku/Arani*-^*  G«fefiw,  p.  179);  thoee  of  lh4 
Trxlandic  ninenu  are  by  Bnnspn  (Ann.  Ch.  Pharm.  Ixi.  266). 

a  From  Val  di  Noto,  Pulagonia.  -  h.  Black  palagonite  tuffi  from  Militello. — c.  From 
Aci  Castello. — d.  FromTrollkonuRil  oc  Hekla.— r  From Srisuvik. — f^  From  Sudafell: 
palagonite  tuf>i.—<7-  From  th'' Galepngos islands:  rock  forming  a  crater  (BunseoV-- 
h  From  Hof  Beselich  near  Limbui^  (F.  Sandberger,  J.  pr.  Chem.  xlrii.  463)k— 
I.  Black  rainenil  analogous  in  composition  to  palagonite,  from  Honnef  in  the  Ssbcv 
gebirge  (Waokernagel,  RatnnulibcTg't  MmfnUckmUt,  p.  868). 
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a. 

b. 

e. 

d. 

e. 

/. 

ff- 

h. 

f. 

Kliea  . 

38-69 

41-37 

36-97 

40-74 

4030 

41-46 

36-96 

48-96 

41-63 

Alnminft 

13-61 

11-32 

7-80 

8-42 

14-46 

10-90 

11-66 

9-94 

18-72 

Ferric  oxide. 

14-61 

16-54 

21-01 

18-00 

14-60 

1812 

10-71 

10-64 

2-36 

Frrrooe  oxide 

,    , 

1-80 

,    , 

,     , 

,    , 

, 

, 

. 

7-83 

Lime    . 

8-38 

9-03 

6-31 

8-75 

6-88 

8-66 

7-95 

4-98 

107 

Magneai*      . 

6-13 

7-U 

4-83 

4fi4 

7-57 

4-«0 

6-27 

304 

6-23 

Sodn     . 

1-07 

101 

7-23 

0-62 

1-82 

0-64 

0-55 

104 

2-5lt 

Potuh 

1-35 

1-10 

0-94 

0-43 

0-44 

0-40 

0-77 

0-82 

Water. 

16-26 

11-69 

15-91 

18-60 

13o0 

14-49*  26-24 

20-68 

20-71 

Phosphoric  anhydride 

0-44 

100       100        100        100        100  99-36  100       100        10006 

Thita^  tax$lyiiad  renulta  cannot  be  included  under  any  general  formula ;  they  ahow 
indeed  that  palagonite  is  either  a  mixture  or  a  compound  contaminated  vith  furetgn 
rabatances.  Bunaea  haa  eu^ested  for  the  greater  number  of  palagonites  the  fonnula 
S<lTO.SiO').Al*O".3SiOM0H'O,  which  however  does  not  agree  exactly  with  any 
iDdiTtdual  uialysis. 

>AaiM01W  I 'I'M.  A  white  asbestiform  silicate  of  specific  gravitr  2*217  in  the 
Paligorian  mining  district  of  the  Ural  Contains,  according  to  ^ftschenkow,  62-18 
pereent.  silica,  18-32  alumina,  8-19  magnesia,  0-69  lime,  12-04  combined  water,  and 
8-46  water  given  off  at  lOO^*  («  99-84). 

**'»-T*P  — ^MB  ^oroon.  A  led  dye-wood  from  Madagascar,  the  colouring 
natter  of  which  is  aSectpd  by  the  air  and  by  solrenta.  in  the  aame  manner  aa  that  of 
Bundal-wood,  but  haa  less  of  an  orange  tint  and  is  lesa  able  to  resist  the  action  of 
mUmUs  than  the  Utter,  being  changed  thereby  to  green,  olive-green  and  biowB. 
(Arnaadon,  Gimento,  viiL  278.) 

I       See  PAlXADroK-BASBfl^  AHMOtOACAU 

,  I     See  FALULDtmc-BAABs,  Oboakic. 

_  _.  Atomie  toright  126.  Symbol  Pd. — ^A  metal  of  the  platinum 
groap,  discovered  by  WoUaston  in  1803  (PhU.  Trans.  1604,  p.  419).  The  oxide 
and  many  of  the  other  compounds  were  discovered  and  investigated  by  Berzelias 
(Popg.  Ann.  xiiL  464). 

QKurrenee. — 1.  Single  grains  of  pnre  palladium,  sometimes  of  octahedral  form,  are 
Bized  with  the  grains  of  platinum  from  Brazil.  Native  palladium  mixed  with  gold 
■nd  selenide  of  lead  is  also  found  at  Tilkerode  in  the  Hartz.— 2.  Palliidium  occurs  in 
theriatinnm  ore  of  South  America(amounting  to  1  pt,  in  200  of  the  Peruvian  ore),  ftom 
St  Domingo^  aud  from  the  UraL — 3.  It  occurs,  aUoyini  with  gold,  in  an  auriferons 
■and  from  Zacotinga  and  Condonga  in  Brazil,  mixed  with  specular  iron  ore:  the  pal- 
bdiam  in  this  ore  amounts  to  5  or  6  per  cent  Also  alloyed  with  gold  and  silver  in 
the  Oropudre  of  Porpez  in  SouUi  America:  this  mineral  contains  10  per  cent  of 
palladium. 

Extraction,  1.  From  platinum  orf.— The  ore  is  digested  in  nitromuriatic  acid  ;  the 
ftdd  solution  decanted  from  the  insoluble  residue  is  neutralised ;  the  platinum  is  pre- 
epitated  by  sal-ammoniac;  and  the  palladium  is  thrown  down  from  the  filtrate  by 
^Bnide  of  mercury  as  a  white  fioccnlent  cyanide  which  yields  metallic  palladium  by 
calcination.     (See  further  Gmelin't  Handbook,  vi.  266,  267,  261,  264,  267.) 

S.  From  the  palladi/erous  gold  of  Brazil  The  gold-dust  is  fused  with  an  equal 
veight  of  silver  and  a  certain  quantity  of  nitre,  whereby  the  earthy  matters  and  the 
sreater  part  of  the  base  metals  are  removed  in  the  form  of  slag ;  the  alloy  is  then  cast 
u  the  form  of  bars  ;  the  latter  again  fused  in  a  black  lead  crucible,  stirring  constantly 
with  an  equal  weight  of  silver,  so  that  the  gold  amounts  to  about  ono*fuarth  of  the 
whole  mixture.  The  alloy  is  then  very  finely  granulated  by  pouring  it  through  an  iron 
aieve  into  water;  the  granules  are  heated  in  a  porcelain  basin  with  an  equal  quantity 
of  nitric  acid  and  an  equal  quantity  of  water,  as  long  an  any  action  goes  on  ;  the  liquid 
is  decanted;  and  the  residual  guld  is  boiled  for  two  hours  with  aquantityof  pure  nitric 
■eid  equal  to  two-thirda  of  the  granules  used,  after  which  it  is  washed  with  hot  water, 
dried,  and  fused  into  a  button.  From  the  refiulting  nitnc  acid  solutions,  the  silver  is 
precipitated  by  common  salt  The  remaining  liquid  being  transferred  to  wooden  ve.Hhels, 
the  palladium  and  cnpper  are  precipitatetl  by  zinc ;  the  black  puwder  is  dia^olvod  in 
nitnc  acid ;  the  solution  supersaturated  with  ammonia,  which  generally  leaves  undiKsul  v<*d 
a  small  quantity  of  platinum,  iron,  and  lead ;  and  the  filtrate  containing  the  palladium 
■ad  copper  is  very  slightly  supersaturated  with  hydrochloric  acid,  whereby  the  greater 

•  Anff  r  on  t  MwifAiMut  oiM«. 
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part  of  the  palladium  is  precipitated  in  the  form  of  yellow  Ammonio-pnAochUn^ 
vhich  is  then  vitahed  with  culd  water  sud  conTerted  ioto  pure  pallA^iam  bj  igsitMb 
The  remainder  of  tJie  paUndiura  and  the  whole  of  the  copper  mnj  be  predpitatai  fa«« 
thp  hydroohlorie  acid  Mlntion  by  iroo.  (JohaBon,  J.  pr.  Chem.  xi.  309,— Coei,aa. 
Hag.  [3]  xxiiL  16 ;  altfo  Ann.  Cb.  Pharm.  xlix.  236.) 

Properties. — Palladium  is  a  white  metal  iotermediate  in  colour  uid  loitre  tne^i* 
■ilrer  and  platinum.  As  obtained  by  ignition  from  the  cyanide  or  from  chlofideof  |%- 
ladinm  and  uinmonium,  it  furms  a  grey  spongy  mam,  Finelj  dirided  paUnbab 
floating  on  wat^r  appean  blood-red  by  trMnimittM  light.  Native  palladinm  oenat  t& 
aix-sided  tAblea,  with  distinct  cleara^  pArailel  to  the  terminal  foces ;  white,  vith  « 
strong  tiutre,  of  almost  microscopic  sise,  and  attached  to  lamiDse  of  natmnM 
(G.  Rotte);  alM>  in  minnte  octahodrans  (Haidinger).  The  natire  palladivni  noa 
Bnuil  exhibits  a  fibrous  stmctare,  and  may  be  thereby  distinguished  ajid  sepamurf 
from  the  grains  of  platiuum  with  which  it  is  mixed  (Wollastuu).  Specific  ec%titj4 
ftued  palladium.  11-04  at  18°  (Cloud).  113  (Cock),  from  US  to  11-8  (WolUireti 
11-4  at  22-60  (Deville  and  Debray);  of  hammered  paUadinm,  11-8  (Cock),  U"llt 
(Lnmpadiun),  rather  more  than  120  (VnuqnelinV  12  148  (Lowrj).  PaUa^a 
is  at^out  as  hard  as  platinum  ;  ductile,  but  somevbat  lees  so  than  plAtinnai ;  aad  mmj 
be  rolled  out  into  thin  leaves.  It  ia  the  most  fuAible  of  sU  the  metals  of  the  pLitiwit 
groi^  bc^nning  to  fuse  at  the  strongest  heat  of  a  forge-fire,  and  meltizig  pnJMtfj 
before  the  oxyhydrogen  blowpipe.  When  heated  on  lime  in  Deville's  furnace  (p.  JIS) 
to  the  melting  point  of  iridium,  it  Tolatilises  in  green  rapours  which  ooodense  ts  a 
I  listre-culourra  dust  of  metal  and  oxide.  It  oxidises  at  a  lower  teinper»tiire  than  sDm, 
and  ia  always  covered  on  the  surface  with  a  thin  film  of  oxide.  If  it  be  free4  fnm 
this  ooatiDg  by  ignition  in  n  reducing  flame,  and  hold  while  still  hot  in  a  it i  mil  d 
mixed  air  and  combuvtible  gan,  it  continues  to  glow  like  pUtinum.  If  exp>ofled  to  th» 
air  in  the  melted  state  it  nbsorbs  oxygen  und  spits  like  nlrer;  bat  the  sibsorbed  ps it 
not  given  off  till  just  w  the  metal  begins  to  solidify,  so  that  the  maae,  tlioiigh  ttx} 
dense  on  the  surface,  remains  porous  within.     (Deville  and  Debrsy.) 

Palladium  is  very  sligblly  attacked  by  concentrated  hydrochlortc  or  sufpkvri^  mtid^ 
even  at  the  boiling  beat.  It  dissolves  in  ititric  acid  without  oTolution  of  gas,  bat  cvo- 
mtmicates  a  brownish-red  colour  to  the  liquid,  from  formutiun  of  nitrooa  acid.  It 
dissolves  with  futility  in  nitromuriatic  acid.  Its  surface  is  bliickened  by  tiootart  ul 
iodine,  which  has  no  effect  on  platinum. 

Palladinm  is  sometimes  usrd  fur  making  the  divided  scales  of  astronomical 
ments,  for  which  it  is  well  adapted,  being  light,  neariy  as  white  aa  silver,  a 
blackened  by  sulphurous  emanadona,     Jt  is  also  used  iur  making  the  smaller  di^ 
of  the  gnun  or  gntmme. 

Palladium  in  moftt  of  its  compounds  is  diatomic,  as  in  the  di-chloride  Fd'CP,  till 
di-iodide  Pd"!',  the  protoxide  Pd*0,  &c.  A  tetrachloride  occurs  in  ceitain  doaUs 
salts,  and  the  dioxide  Pd''0'  ia  known  in  combination  with  water. 

PAIi^APIUJttt  AXiZiOTS  or.  Palladium  unites  with  most  xnotala,  but  only  a 
few  of  its  alloys  are  of  any  practiwvl  importance.  With  antimony  and  arsenic  il 
forms  brittle  alloys,  the  combination  in  each  case  being  attended  with  ignitiso. 
(Fischer.) 

Barium  unites  with  it  at  the  heat  of  the  oxyhydrogen  blowpipe,  forming  «  lilTak 
white  alloy  which  gradually  oxidises  on  the  surface.     (Clarke.) 

Equal  parts  of  biemuth  and  palladium  farm  a  grey  alloy  having  the  hardasM  ti 
■teel.     (Chenevix.) 

Copper  and  palludium  unite  without  incandescence;  4  pts.  eopper  axkI  1  pt  j«l- 
ladium  form  a  while  fluetile  alloy ;  equal  weights  of  the  two  metaL  rield  a  yellov- 
browD  brittle  alloy,  Uardur  tliau  wrought  iron,  and  when  fused  together  before  tbv 
oxyhydrogen  blow|iipe,  an  easily  fusible  alloy  of  pale  colour,  susceptible  of  a  hisb 
polish,  easily  uttactod  by  the  file  (Clarke).  Palladium  forms  with  copper  an  alley 
similar  in  properties  and  composition  to  that  which  it  forms  with  tin  {nd.  if\f.),  ■nd 
obtained  In  a  similtu*  manner.     (Deville  and  Debray.) 

With  gold,  palladium  forms  several  alloys,  the  combination  always  taking  plaei 
without  ignitioi>,  1  pt.  palladium  and  1  pt  gt^ld  forrn  a  grey  alloy  having  the  ooloor 
of  wrought  iron,  Icsa  duciilr  than  eitlier  of  the  component  metals,  and  of  coatve-gTWLDfd 
fractore;  1  pt.  palkdium  and  4  pts.  gold  yield  a  white,  hard,  ductile  alloy;  an  alloy  of 
1  pt.  paUadium  and  0  pts.  gold  is  almost  white.  The  native  alloy  of  palladinm.  gnld 
and  ailver  from  Porpez  contains  85'98  per  cent,  gold,  9-8fi  palladium,  and  417  silver. 
(Berzelius.) 

The  alloy  of  palladium  and  iron  is  very  brittle;  hut  an  alloy  of  1  pt.  palladivm 
and  100  pts.  steel  is  well  adapted  for  cutting  instruments  which  require  lo  bep.f* 
fectly  smooth  on  the  edge.     (Faraday  and  8todart.) 
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^1      With  1  e  ad,  palUdium  forms  a  grey,  hard,  brittle  alloy,  bit  ring  &  fine-gnuned  fractoro. 

F       and  of  iipeciHc  gravity  1:20.     Tbe  cumbuslion  ia  attended  vith  ignition. 

I  KtMpeotiug  Uio  rnvreury^compouoda  of  paliudium,  8«e  iii.  888. 

f  Ntckvl  aud  paUadium  uuite  at  the  heat  of  the  uxyhydrogen  bJovpipp,  furmiiig  a 

highly  Itistraust  very  maUeable  alloy.     (Clarke.) 

Equal  purls  of  platinum  and  palladium  unite  at  a  t«mperatur«  aomewliat  abova 

lh«  melting  point  of  the  latter,  forming  a  grey  alloy  of  specific  granty  15*141,  oa 


hard  aa  wrought  iruu,  leas  duclil«  than  the  guTd  alloy.     (Chonevtx.) 
An  alloy  of  1  pL  silver  and  (I  pt«.  palladium  ia  used  by  dfnUiit«. 
An  alloy  of  equal  pta.  palladium  and  tin  is  aom^what  aofierthaa  wrought  iron, 

has  a  &ne-gruined  texture  ^Cbruevii).     When  palladium  is  fused  at  a  red  heat ' 


and 
with 
Six  timea  its  weight  of  tin,  and  the  resulting  maaa  is  treat«d  with  hydrochloric  acid, 
there  remains  an  idloy  having  the  oompoa.tiun  Pd'Sn',  crystallised  in  alendor  shining 
Ltminxe.  Similur  alloys  uf  palladium  vith  silver  and  with  copper  are  obtained  in  like 
■i&nner.     (Deville  und  Dcbray). 

Palladium  dissolvofl  in  melted  zinc*  but  does  oottinile  with  it  in  definite  proportions; 
un  tn:atiug  the  resoltiug  alloy  with  hydrochlorio  ajid,  pure  palladium  remains  undis- 
Bulved.     (Deville  and  Debrdy.) 

VAJbXiAnxirMt  BKOMZnx  OF.  Palladium  dissolved  in  a  mixture  of  oitrio 
and  hydrobruioic  ocidti,  yields  on  evaporation  a  chentuut-brown  maas  insoluble  in  water, 
but  soluble  in  aqueous  hydrobromic  acid,  and  iurming  dark  bruwn  double  suits  with 
the  bromides  of  pota^isium,  manganese  and  line.      (Bunsdorfl^  ^°gg-  Ann.  xix.  347-) 

yAIi^APIUMy  CAJKBXSB  OV.  Palludium  fused  in  a  crucible  ftlled  with  lamp- 
bluck  becomes  so  brittle,  that  if  btrudc  with  a  baoinier  while  red-hot,  it  falls  to  powder 
and  givM  off  a  white  fume.  Kespectlng  the  formation  of  palladium-carbide  in  an 
alcohol -flame,  seo  below. 

VAXX^ADZmC  CBXOXXDES  OF.  The  dichhride  or  Paliadious  ehloHde. 
Pd''Cl',  IS  prejtared  I  y  disttuK-ing  pulludium  in  hydrochloric  acid  to  which  alittlo  nitric 
acid  is  added,  and  evaparuling  ihe  sulutiuu  to  dryness^  lo  expel  the  excess  of  acid.  The 
compound  itn  a  ma-^t  uf  a  dork  bruwn  colour,  which  becomes  buck  when  made  anhydrous 
by  heat,  uud  mjiy  bo  funed  in  a  gl^^  vc'iisel  When  heated  in  platinum  vessels,  it 
becomes  contaminated  with  the  thlori-ie  of  that  mct^d.  When  dissolved  with  chiorid* 
vf  p^'taasium^  it  form*  a  double  salt,  K'Pd"Cl*,  whioh  is  ctoUible  in  odd,  and  considerably 
more  so  in  hot  wat^r,  and  cryBtalliacM  in  four-sided  priiim;>  of  a  dull  yellow  colour. 
Dicbloride  of  palladium  also  form^  double  salts  witu  the  chlorides  of  Liumonium, 
sodium,  and  sevend  other  metals. 

The  trtrarh/oridf  OT  Palladic  chloride,  Pd'*Cl\  ts  obtained  in  solution  when 
the  dii^hloriic  is  disbolved  in  concentrated  citromoriatic  acid,  and  ihu  »cilation  is  only 
blightly  heated.     Its  solution  is  of  so  dark  a  colour  as  to  appc^ar  black,  and  ^ives  a  rt-d, 

Erecipitutc  with  chloride  of  potassium.  When  the  solation  is  diluted  or  more  strtjngly 
eatKl,  chlorine  gas  is  evolved,  and  dichlortde  of  palladium  reproduced.  The  double 
talt  of  this  chloride  and  chloride  of  potassium  is  obtuincMl  bytreatrng  putubsio-palladious 
cldoridein  fine  powder  with  Ditrurauriatic  acid,  and  evaporating  the  supernatant  liquid 
lo  dr>'aetis,  It  forms  a  cinnabar-red  powder,  in  which  octahedral  crystals  e«ui  be  per- 
ceived, both  the  palladic  and  paliadious  double  chlorides  being  it)omorpbou.i  with  the 
corresponding  compounds  of  platinuu).  When  treated  with  hot  wster,  this  double  salt 
emits  chloriue,  and  is  in  a  great  measure  decomposed. 

PA.&&&DI(nttf  07AVZSS8  OF.  Pulludium  forms  two  cyaoidcs  anaJogous  to 
the  chlorides  (see  Ctasiuks.  ii.  26U). 

FJkX.IiAJIITrAIt  OBTSCTIOir  AMO  SSTZBCATZOK  OF.  1.  Reaetiont. 
— Nearly  all  {lalludium-uuiupuuiids  are  di-coutpu^ed  b^  heut,  It-uviiig  metallic  palladium: 
which  may  Ix^  diatinguislied  from  platinum  by  its  solubility  in  nitric  acid,  by  itsreac 
tioo  with  tincture  of  iodine  (p.  328),  or  by  its  behaviour  in  an  sJeobol-tlame.  If  held 
in  the  inner  flame  of  a  spirit-Lamp,  it  unites  with  carbon,  without  fir&t  being  heated  to 
rediiei^B  i  and  if  then  quickly  removed  from  the  llumt,  it  glows  vividly  in  the  air  till 
all  the  carbon  is  burut  away  and  pure  paliatlium  is  left:  ibis  reaction  is  exhibited 
iDoet  coDspicuoualy  by  Hnel^'-divid'^d  palladium  which  has  bcvn  cloeely  comprf»i»«d: 
a|:<ongy  platinum  dues  not  exliibit  it  at  uU. 

Paltadioug  gaUa  as«  for  thw  most  part  bpown  or  red;  their  taste  is  astringent, 
but  not  metalJie.  The  metal  is  precipitated  from  the  solutions  of  pnlladioua  salts  by 
pho9phoru4j  by  atUphurous  acid,  by  nitrite  of  potattiuntf  by  all  the  nutals  which 
reduce  silver,  hy  J  or  mate  of  potassium,  and  by  alcohol  at  a  boiling  heat.  Snlpkydrio 
acid  and  sulphidf  of  ammonium  throw  down  the  brown  sulphide  of  ptiHaditun,  insoluble 
in  the  laU4>r  reagejit^  Hydt iodic  acid  and  wtlide  *>/  jhiiasjfitim  throw  down  a  black 
precipitate  of  iodide  of  pailadium,  visible  even  to  the  OUO.OaOth  degree  of  dilution.  This 
reaction  rifrrrs  ii-r  thr  ^epHraTinn  oj  iodine  from  bromine :  for  alkaline  bromides  do  not 
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jirecipiUte  pullnJiouA  Bolts.  PotasA  or  tufda  forms  «  bcown  precipitate  «f  a 
tralublf!,  vith  the  aid  of  beat,  in  excess  of  ihe  reagrnt.  Ammonia  produce*  Bopteaptut* 
in  a  eolntiuD  of  pdlliuliouA  nitrate ;  but  from  a  solution  of  the  chloride,  it  thiDVs  6on 
a  flfshcDloured  prccipituto  of  ammonio-cliluride  of  pullndiuni,  soluble  in  extern  vt 
amtnonift.  Tlic  fdrbonatts  of  potatiium  and  sodium  form  a  brown  prcfcinitau  of 
faydmtM  piiUiidious  oxid(>.  CarUmate  of  ammonium  acts  like  ammonia,  rk^ihu 
of  »<Hiium  forms  A  brown  precipiutp.  fi'erroeyamde  %nA  ftrricpanid*  qfpotoMMimm  htm 
no  prpcipitat**,  but  the  lik^uid  nfter  a  vliile  coagulates  ioto  a  jdljr.  Cyanide  of  mrmtf 
throws  dov'D  a  white  prt'ciniUite  of  cyanide  of  palladiam.  Stannous  cAlorid*  tortm  i 
black  precipitate  which  oiNsolres  vith  inteujie  green  oolour  in  hydnx^oric  tai 
Frrroua  suiphaU  prccipitulos  pbllnrlium  slowly  frum  the  nitrate,  but  not  fVtMa  lb 
[chloride.  The  reactions  of  piuladiuin  with  (>ulphydric  acid,  cyanide  of  zncrcary,  lat 
iodide  of  potossiara  taken  together.  B«rre  to  distinguish  it  from  all  other  metaU. 

Palladie  salts  are  very  unstable,  being  easily  reduced  to  paUadioos  aalts  by  b«l, 
and  by  redueing  agents:  hence  their  reactiooM  are  scanrely  knovxi.  The*  fladt  bnva 
a-^lntion  of  the  tetmchtoride  is  easily  distingoit^hed  Crom  the  siniilarly  coloured  solo- 
tions  of  tctmchlonde  of  platinnm  or  iridinm  by  its  property  of  g:iving  off  chUnas 
when  heated  and  leuring  the  dichlortde. 

Estimation  and  Separation  of  Palladium, — FaUadiam  is  always  estiaalad 
in  the  metallic  state.     It  ifi  precipitated  from  its  solutions  in  the  form  of  cyanide  }n% 
laolutioQ  of  cyanide  of  mercury,  the  liquid  not  containing  any  excesa  of  acid.    Tbs 
precipitated  cyanide  is  then  re<luced  to  the  metallic  state  by  calcinatioD. 

Palladium  may  bo  separated  fVom  netirly  all  other  metals,  either  bj  precipitatios 
with  cyanide  of  mercury  or  with  aulphydric  acid,  or  by  the  solubility  of  its  oxida  ia 
ammonia.  If  however  the  solution  contains  alcohol,  gold,  platiuuni  and  some  otfasr 
metab  may  be  precipitated  at  the  same  time.  Palladium  cannot  be  sepanted  tnm 
platinum  by  nitric  acid:  for  an  alloy  of  palladium  with  a  small  quantity  of  platinaa 
[  is  comp  t'tfly  dissolved  by  that  acid. 

To  sfpamte  paUadium  from  copper,  with  which  it  is  associated  in  platinom-ore,  (itt 
two  metalfl  are  prvcipitated  together  by  bulphydric  ari.I,  and  the  precipit^jfe.  whila 
still  moist,  is  roasted,  togotber  with  the  platinum,  as  long  as  sntpharoos  anhydride 
continues  to  escupo.     The  mt-lola  are  thereby  cooTerled  into  banc  anlphatcs,  whtr^ 
must  ho  di^Nolred  in  hydrochloric  acid,  and  the  solctiou  mixed  with  UJtnc  and  ~~' 
ehloride  of  pttatmiiim.    and    erupomt<<d   to   dryness.     A   dark    aaline    maaa   is 
I  obtained,  coneinting  of  chluride  of  poIa«aium,  cliloride  of  copper  and  potaasiiim, 
I  chloride  of  palladium  and  potassium;  and  on  treating  this  mass  witii  alcohol  of  ipeott 
[gravity  0*833,  the  two  former  salts  are  disaolred  and  the  double  chloride  of  palladiw 
and  potassium  remains  (Berzelius),    Accordinglo  Dobereiner,  copper  may  be  •«{»• 
rated  from  palladium  by  reducing  the  latter  metal  with  an  alkaline  formate. 

Atomic  Wfiykt  of  Palladium, — Berzelins  (Fogg.  Ann.  xiiL  435)  determined  lh« 
atomic  weight  of  this  metal  in  the  ttame  manner  as  that  of  iridium  (iii.  321)  by 
reducing  potass io-palladioui*  cblcride^  2KCl.Pd'Cl',  in  a  current  of  hydpugen.  AJ 
this  aalt  cannot  be  dried  wir^iout  purEiuI  decomposition,  the  mixture  of  ohJorida  of 
potaitsium  and  metullie  pnillftJium  left  nf^jT  thf*  ignition  was  wetghrd,  as  was  also  the 
pullmiium  \fii  nAcr  dlsi^^ulTing  out  the  chloride  of  potas^um  with  water.  In  one 
experiment,  0'o7A  grm.  palladium  were  obtained  to  0'809  grm.  potassium-chloride, 
in  another,  O'Sdl  grm.  piilJadium  to  1192  pota^um-chloride.  If  KCl  ^  t^i, 
the  mean  of  these  •■xperinjcut*;  giv«'8  Pd   —    126  'i6  or  nRwrly  126. 

pjVZiX.AJDZUM,  rXiUORZSa  or.  Pd'T*.— Formed  as  a  brown  pzvdpitats  od 
adding  hydrofluoric  acid  to  a  conct'ntVutcd  solution  of  palladions  nitrate.  On  pTipo- 
rating  to  dryness,  there  remuing  a  brown  earthy  mass,  only  a  email  |Ktrtiun  of  which  is 
dissolved  b^  water.  It  ia  not  altered  by  ignition,  is  flparingly  soluble  in  hydrotluorie 
acid,  and  dissolves  very  slowly  in  cauatic  ammonia,  forming  a  oolourleR*i  liquid,  which 
may  be*  evapontted  by  beat,  and  ultimately  depo»it«  flnoride  of  puthidiuiii  as  a  eoloor- 
bless  cxystalliue  salt,  which  may  be  heated  to  100°  without  decompoaitioo,  but  deeonn 
Iposea  at  a  higher  temperature,  leacin^  a  grey-brown  powder 

Ammxmio-pidladiotts  jtuuride  is  obtained  as  a  brown  radiate  moss  by  diasolving  ptt 
ladiotts  flnoride  in  boiling  uqueous  ammonia,  and  crsporating. 

Potassio-pailiidiuHs  Jttu/nde  ia  precipitated  on  mixing  palladioos  nitrate  with  flaorida 
of  potassiam,  as  n  light  yellow  powder  Hparingly  solabla  in  water. 

Sodio'palhtdious  Jiurrid*  is  obtained  in  like  manner  and  possesses  similar  propertie*. 

PAIAADimiC,  ZOSXI>S  or.  Pd"l'.— Palladium-toil  tunitt  black  when  an  sleo- 
holie solution  of  iixliue  is  evu|joratt'd  to  dr^'ni'tt.1  upon  it;  this  reaction  distingniidiM 
ualtndinm  from  platinum,  which  remains  bnght  when  thas  treats  (Berzelins), 
Similarly,  palladium-toil  heated  iu  iodine  vapour  becomes  covered  with  coloured  film\ 
tind  afterwiiidi  turns  bf\jwn ;  the  apphcation  of  heat  or  treatment  with  ammonia  rHtons 
lis  irighiiiess.     Iodine  heated  io  a  glass  tube  with  finely-divided  palladium,  eombittd 
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hut  imperfectly  with  it;  and  again,  when  palladium-fuil  is  boiled  with  iodine  and  water, 
yr  vith  hydriodic  acid  tmd  niiric  acid,  part  of  il  reinuios  unalti;red.     (Lassiiigno.) 

lodidp  (tf  pallailiom  is  obtjiined  in  the  form  of  ft  block,  ta»t<^les8,  inodorous  mass, 
b^  precipitating  a  pdlladioua  suit  with  iodide  of  pHllddium.  washing  witb  boiling  witter, 
and  drying  the  black  geUtinoiu  flakes  for  24  hours  in  vacao(La9saigno,  J.  Chim.  nied. 
XL  d7).  It  gives  ot!  ita  iodine  Uflwceo  iiOU^  and  3G0'.  Boiling  potash  decomposes  it 
witli  beparatiuu  of  a  blaek  powder  consiKting  of  pnlludions  oxide.  It  \9  insoluble  in 
water,  jklcuhul,  cthor,  and  h^driudic  acid  (thereby  distinguished  from  ioiiidf  of  pltilioum) 
(LHSbaigiie).   TtiisLYimpoandw^rTos  for  the  quantitative  estimalioa  of  iodine  (iii.  29(i). 

VA^XASZITM,  OXZ9EB  OV.  Tho  protoxidf  or  FaHadious  oxide,  Pd'O, 
is  obtained  in  thf^  uiibydroiis  titaU'  by  deooaiposing  nitntte  of  pallvliuin  at  a  moiieruta 
heat,  or  hy  heating  a  j>alLidiutui  »alt  with  carbonate  of  potasHium  to  commencing  rt*d- 
ness,  and  exhausting  the  residue  with  water.  It  is  a  durk  grey  or  bUok  powder, 
■paringly  aoluble  in  scids,  and  itf  reduced  to  the  metallic  stale  at  a  bright  red  heat. 


Patiadtoius  hydrate  is  obtained  as  a  dark  brown  precipitate  by  mixing  the  solution 
)f  a  palladioua  bait  with  excess  of  potassic  or  sodic  carbonate.  It  gires  off  its  water  i^ 
t  moderate  n'd  heaL     It  is  easily  soluble  in.  acids. 


The  dioxide  or  Pailadic  oxide,  Pd''0',  is  not  known  in  the  separate  state.  From 
a  ffolntion  of  pailadic  chloride,  alkalia  and  alkaline  carbonates  throw  down  a  brown 
precipitate  consisting  of  bydrated  pailadic  oxide  combined  with  the  ulkalL  This  com- 
pound gives  off  lislt  its  oxygen  at  a  moderate  heat,  and  the  whole  at  a  higher  tempera- 
ture. From  hot  solutions,  a  black  precipitate  is  obtained  containing  the  aohyarons 
dioxide.  The  hydmte  dissolves  slowly  in  acids,  forming  yellow  solutions.  In  strong 
hydrochluric  ucid  it  dissolvfS  without  deccmposiLion.  forming pota-ssio-ya/tadic  ck'onde 
arising  trum  admixed  put&$h ;  with  dilute  hydrucbiortc  acid,  on  the  oonlniry,  it  gires 
off  chlorine. 

PAXiX«A.DII7llS,  SSl^mrXOB  or,.  Pd'Se.— The  two  bodies  unite  easily,  the 
combiuation  Uing  atteudcd  with  evolution  of  heat.  The  product  is  a  grey,  infusible 
comfHMind,  which  when  heated  in  the  blowpipe  tlame,  gives  off  scleniam,  aod  leaves  a 
gr«yish-white.  brittle,  cry  stall  iae,  metallic  lead  cuutaiuing  selenium.  (Berzelius.) 
VAZ.X.AI>nrM,  SUI.PHZI1B  or.  Pd'S.— Palladium  and  sulphur  heated 
together  uuid',  with  iucanUej-etTiet^,  furmiag  a  bluish-white,  mctaUic-shiuiog,  very 
hard  compound,  Laving  a  shining  laminuted  fracture,  and  welting  at  the  same  ti'mpe- 
ruture  as  bil\  er.  By  precipitating  a  palladium-udt  with  sulphydric  acid  or  an  alkaline 
Bulphtde,  faulpiiide  of  palladium  is  obtained  as  a  black  powder,  htiring  a  bloiah  tinge 
and  semi-meTallic  lustre.  Sulphide  of  pallftdium  boated  to  redness  in  tlie  air  oxidiaee 
very  slowly,  fonriinu  a  basic  sulphate  or  oxyf  ulphate  of  paUsdium.  Heated  in  a 
stresni  of  chlorine  gas,  it  forms  chloride  of  suipliur  and  dirliloride  of  palladium. 

rAXiXiAOZXria-BASISB,  ABCaSOVXACa^  (Vauquelin,  Ann.  Chim. 
Ixxxviii,  167.— Fischer,  ^v\\w.  J,  li.  ID2.— Ann.  Ch.  Pharra.  Ixiv.  260. — 
Fehliug,  UAd.  xxxlx.  L16. — Hugo  Miiller,  i/W.  Ixxxvi.  341.) — a.  A  moderately 
concentrated  solution  of  diclilonde  of  ptdlodium  treated  with  a  slight  excess  of 
ammonia,  yields  a  l^eautiful  Ht-uh-culoored  or  rose-coloured  precipitate,  consisting  of 
Ji'H'Pd'Cl'  (Vauquolin,  Fehling,  Fischer).  This  precipilute  di»solvee  in  a 
larger  excess  of  ammonia;  and  the  ammouiiical  solution,  when  treated  with  addS) 
yields  a  yellow  prociptate  having  the  same  composition  (Fehling,  Fischer). 
Thij  yellow  moiiiAcation  is  likewise  obtained  by  hejtting  the  red  oompound  in  the 
moist  state  to  100-',  or  in  the  dry  state  to  20U-'.  The  yellox*  compound  dieisolveB 
abundantly  in  lujuetjus  putasli,  forming  a  yellow  solution,  but  without  giving  off  am- 
monia, even  whf-n  the  liquid  is  heated  to  the  boiling  point;  the  rod  compound  behaves 
in  a  similar  niunuer,  but,  before  dissolving,  is  converted  into  the  yellow  modification 
For  this  rea-sou,  Hugo  Miiller  regards  the  red  compound  as  amnumio^kUfHdf  of 
paUadiu/ft,  2NH*.Pd"CP,  and  the  yellow  us  chloride  of  paltadammonium^  N'H*Pd".Cl'. 
The  yellow  compound,  digested  with  water  and  oxide  of  stiver,  yialds  the  oxide  oj 
paUadammofiium,  GT  jHtHadaniine,  N'H'Pd''0.  This  compound  is  a  strong  basp, 
analogous  to  oxide  of  pUtanimonium  {q.  v.).  It  is  solubl**  in  water,  to  which  it  com- 
municates a  strong  alkaline  tastt'  and  reaction.  By  eraponiting  the  solution  in  vacuo, 
the  base  is  obtained  in  the  form  of  a  crystalline  rant*,  which  absoibs  carbonic  acid 
rapidly  from  the  air,  especially  when  moist.  It  unites  with  ncnU,  forming  dofiaitir 
eatta.  Its  solution  precipitates  the  salts  of  silver  and  coppir,  and  an  excess  ot  it  does 
not  rKiiasolve  the  preeipitatt-a.  Sulphite  of  paUadammonium,  N*n*Pd"50*,  ie 
formed  by  stitnrating  the  bolution  of  the  uxide  witb  sulphurous  ucid,  or  by  the  action 
of  that  acid  ou  the  yellow  chluriue-compound:  it  crystallises  in  orange-yellow 
octohedruuH.  The  ntdphalc^  l^'-'H'Pd''.tiO*,  cr}-st&llise6  in  a  similar  manner.  The 
niiraUj  iodide^  and  bromidr  have  also  been  formed.  The  fiuoride  is  obtained  by 
adding  the  chloride  to  a  solution  of  fluoride  of  silver.     (H.  Miiller.) 
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0.  Tho  compound  iNH'.Fd''Cl'  (called  by  MoUer,  chioridc  <if  pcUa4-diamuu\  vte4 
may  be  formulated  u  a  chlorooitride  p ,.  |  p.,  or  u  chloride  of  ammop n Ua^tmmtmm^ 

H*       ) 

IM"      yN*.Cl',  0eparat«t  from  the  ammonukcal  volatioo  of  chloride  of  pailadammouii, 

in  colourlraSi  obliqut^  rhombic  prisms,  which  at  200°  gir^  off*  half  tbeir  amittonia  ■! 
are  reduced  to  N'U*Pd"CI*  (FehlingV  The  correspoDdiiiff  %oduU  and  ^rnw^rfi  mt 
likeviie  obtained  by  treating  the  solutioDs  of  iodide  and  Dromida  of  palliilisa  or 
palladammoaiam  with  ammocia.  They  both  crystalliBe  readily.  The  Jlaoriii  ji 
obtained  by  adding  ammonia  to  the  solution  of  chloride  of  palladammoiiiuni  izk  flaotidf 
fi)f  Bilver,  and  erapuratiDg:  it  forms  oblique  rhombic  prisma.  The  tilico'fiutmdi'n 
obtained  in  cryataiUne  scales  on  adding  bydrofluosilictc  acid  to  any  solablt  cult  of 

pallad&mmoaiam.  The  oru^ff  M'Hi'PdK)'  »    pi-(Q  is  obtained  by  deoompoaingtb 

aulation  of  the  chloride  with  oxide  of  silrur, — or  better,  the  sulphate  with  hydtats  itf 

biLfium.      A   strongly  alknliae  solution    is   thsreby  furmed,  which,   on    ervpofstk^ 

leaves  the  hydruted  oxide  in  the  form  of  a  crystallint:!  mass,  though  not  q[iut«  put. 

The  solution  precipitators  the  salts  of  aluininium.  iron,  cobalt,  nickel,  and  <oppat  btt 

not  those  of  silver;  expels  ammonia  from  cldoride  of  ammonium,  on   bouiAg;  lad 

)  ttbttorbs  carbonic  acid  from  the  air.     The  cixrbunatt'  obtained  in    thia  raanaer,  flr  by 

^decomposing  the  chloride  with  carbonate  of  sUver.  or  the  sulphate  with  carbtfiata  «f 

I  barium,  crystallises  in  shining,  colourless  prisms,  which  turn  yellow  at  &  little  sbov* 

'  100° ;  the  iwlution  of  this  salt  is  strongly  alkaline,  and  gives  oopioua  precipitates  with 

Hm 
)N* 
■alts  of  calcium,  barinm,  copper,  and  silver.    The  $ulphitf,  Pd"     (  ^^  obtained  by  dirset 

combinatioD,  or  b)-  the  action  of  amraoDia  on  sulpliite  of  (>alLidammoniuni,  furms  hhII 
prismatic  crystals,  sparingly  soluble  in  water,  insoluble  in  alcohol,  and  tariung  yellov 
at  about  392'^.  The  gulphaU,  obtained  by  treating  palladious  sulphate  with  excess  of 
amtmmia,  forms  small  colourless  prisms,  easily  soluble  m  water,  but  insoluble  ii 
alcohol.     ^HuKO  Miiller.) 

PAMiAT>Xtn«-1iABias,  OXOAVXC.     (Hugo  Haller,   U/c   eiL)-^m.  Aljrf- 

wmpounds.  When  ethylamine  is  added  to  a  solution  of  pallodiuup  chloride,  ayeUoir 
precipitate  is  formed  containing  (C'H'K)'.Pd"Cl'.  It  dissolves  in  ethylumiiie,  formiag 
a  colourless  solution,  which  on  addition  of  bjdrorhloric  acid  violda  a  pale  yellow  pra- 
I  capitate,  ailerwards  becoming  dark  yellow  and  crAstullino:  tms  precipitate  is  meta- 
tncric  with  the  pn^eding,  and  appears  to  consist  of  chloride  of  pAlladethylam' 

jnoQium    Pd"    yN'Cl*.    A  solution  of  this  yellow  salt  in  excess  of  ethy lamias  de- 

(C«H»)*    )  (C«H»)*)    . 

posits  eoloorlflsa  prisms  of  the  salt        Fii"        >K'C1'  or     Pd"    Vp*, 

When  the  chloride  of  palladammonium  (p.  328)  is  treated  with  aqueous  ethylaaiiM 
it  quicklj  becomes  decolorised  and  disnolves  on  gentle  heating,  to  a  coloarlees  liqiid, 

(CH'N)"!  (CH')«»^. 

which  on  cooliotf  deposits  cdoorlese  ciystols  of  the  salt      Pd"     vN'Q''  or     Pd"    >^u 

H'      i  H"    )^ 

Holler's  chforidt  of  jnilad€thyldiaininc, 

fi.  PhrHyl-compovnd.—On  adding  aniline  Buspended  in  water  to  a  edutioD  of 
palludioun  chloride,  a  pale  jellow  crystalline  precipitate,  insolabla  in  exoeos  of  *n*1i*yv 
IS  formed,  probably  contdsting  of  chloride  of  palladio-phenylammoaiaB, 
H^OH'/pQiN'.CP.  The  correepoading  iodiDe*oompouDd  is  obtained  as  a  yeUov 
crystaUine  powder  on  mixing  fijicly  dirided  iodide  of  piuladium  with  aniline  Bospendid 
in  wiiter. 

PA^MXO  ACZS.     Syn.  with  KicutKLAlDio  AciO. 

Syn.  with  RicmxLAJuiiJi. 

^'*y|'*^JN.    CH.Carlet»  Bull.  Soc 

1849,  p.  176.) — This  compound  is  obtained  by  heating  palmitate  of  ethyl  with  alcoholic 
ammonia  for  twenty  to  twenty-five  days  in  a  sealed  tube  immetreed  in  a  salt-bath,  and  is 
puriflod  by  re-crystoUisation  from  hot  alcohol,  and  repcwtod  waiihing  with  cold  ether.  It 
nieiis  (or  solidiiiee)  at  lOl-A*^.  By  heating  in  u  neuled  tube  with  alcoholic  potash,  it 
ife  resolved  into  palmiti:  add  (solidifying  st  596  ')  and  ammonia 
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The  Toargaramide  which  BouUay  obtoin&d  by  tha  action  of  ammoma  on  olire-oil 

probabiy  consintotl  chiefly  of  olemnide  (p.  1921 

FAUCXTZC  ACZX>.     C'«H"0«  -  ^"g*^|o.      Cftyiic   arid.      Ethalic  acid. 

Olidic  acid.  (Chevreul,  RteAfrcHft  sur  Iti  eorpB  ffrai^  p.  69. — Dumufl  and  Stas, 
Ann.  Ch-  Phys,  [•!]  lixiii.  113.— Varrentrapp,  Ann.  Ch.  Pbarm.  imt.  209.— 
Frimy,  ihid.  xuvi.  44. — Stenhonae.  ibid,  xxxxi.  50. — L.  Smith,  ifnd,  xlil  241. — ■ 
ythamer  and  Meyer,  ilnd.  xliiL  336.— H.  Schwarz,  ibid.  Ix.  69. — Heintx,  »«e 
referenced  already  (pven  liL  1069. — v.  Bock,  J.  pr.  Chem.  ilix.  295. — Berthelot, 
Ann.  Ch.  i'hys.  [3]  alt  216,  432;  xlviL  297.— Maskelyne,  Chcm-Soc.  Qu.J.Tiu.  1. 
— Gm.  xri.  350.— Gerh.  ii.  795.) 

This  acid  is  unirenaily  distributed  in  the  fata  of  the  animal  and  vegetable  kingdoms. 
It  occurs:  a.  Combtnt'd  with  glycerin,  in  Urge  quantities,  in  palm-oil  (Fr6my);  in 
Chinese  Uillow,  Uie  fatuf5^*V/iflyM«fM/fra  (Maekelyoe);  inJapan  wax  (St  bamer), 
in  the  wajc  of  Myrica  ^tbifera  tMoorea). — ^.  Combined  with  ethal.  in  fipermaeeti 
(L.  Smith). —7.  In  the meliasin of  beea-wax.  aa palmitate of  meliaiqrl.  C'^H^'CCH**)©* 
(Brodie) B.  In  the  free  state  in  partially  decompoaed  fata»  especially  in  pulm-oiL 

Cheneul'fl  margaricadd^  which,  aa  already  obaerved  (iii.  852),  la  a  mixture  of  palmitie 
acid  with  10  per  cent,  stearic  acid,  is  formed  in  large  Quantities  in  the  Bapoaification 
of  spermaceti,  of  human,  jaguar,  and  goose-fata,  aod  of  dolphin  and  train  oiU  ;  in  small 
qudutily,  together  with  much  atearle  acid,  by  the  8u^>ouificu:iun  of  butlor,  hog's  lard, 
becf-auet,  and  mutton-auct.  The  other  varieties  of  the  so-called  morgohc  acid  aiao  con- 
aiat  of  palmitic  acid  more  or  teaa  pure :  hence,  many  of  tha  oldier  obaerrationa  relating 
to  margaric  acid  really  apply  to  palmitic  acid. 

Formation. — 1.  By  the  aaponiflcation  of  palmitin,  apermaccli,  and  mellssin. — 2.  By 
heating  ethal  (cetylic  hydtate)  with  potaah-linoe  (Dumaa  and  St  aa): 

C"H'*0     +     KHO       -       C'-H'^KO'     +     H*. 
Hftlrate  of  PaltnlUte  of 

3.  Together  with  acetic  acid,  by  meltiog  oleic  acid  ( Varientrapp),  or  elaidic  acid 
(Meyer),  with  potaesic  hydrate: 

C"H"0*     +     2KH0      -      C'«H"KO»     +     CHTCO*     +     U\ 

OMc  acid.  Pftlmlut*  of  Ac«ut«  of 

potw*tum.  pouffiuni. 

Oleic  acid  appean  also  to  b«  converted  into  palmitic  acid  when  fiitaor  fatty  anbatances 
are  left  for  a  long  time  in  moist  earth,  or  ia  other  moist  aituutious  exdudnl  from  the 
air,  the  fat  ihi'n  bwoming  harder  and  more  brittle.  When  cftstor*oil  la  distilled  with, 
exeeaa  of  alkali  (iii.  144^  there  remains  in  the  residue,  toK^ther  with  ft*»bacic  aciil,  an  oily 
acid  which  on  RtAarling  depoaitA  a  lai^e  quantity  of  solid  fat  haring  the  melting  point 
and  composition  of  palmitic  acid. 

4.  Together  with  cetylene,  by  the  dry  distiUadoa  of  cetylic  palmitate  (cetin) 
(L.  Smith): 

C"H"0|q      ^       C'*H"0(^  p,.„„ 

Cctla.  PalEDlUc  acid.  Cctylmtw 

Preparation,  0.  From  Paim'oil — Palm-oil  is  saponified  with  caustic  potash  ;  the 
aoap  thue  obtained  in  decomposed,  and  the  aepamted  fatty  acid  is  parifiea  by  cryataU 
iiaation  from  alcohol  (Fr^ my),  Stenhouae  dissolves  the  six  or  eight  times  crystal- 
liaed  acid  in  cauatic  potash,  and  precipitates  it  with  an  acid.  Scbwarz  saf>oniflt*a 
palm-oit  with  cauatic  potash,  disaolres  the  soap  in  hot  alcohol,  alluws  the  solution  to 
oool,  and  parifies  the  cryatalline  noduh-a  which  aeporate^  by  repeated  crystalllMtioD 
from  aleonol,  with  aid  of  aaimal  charcoal.  The  ctystals.  when  aecomposeil  by  hydro- 
chloric acidi,  yit^ld  pHlmitic  acid,  which  must  again  be  crjstiillised  from  alcohol. 

0.  From  Japan  Wax. — The  wax  is  aaponitiwi  by  fu«iug  it  with  half  its  weight  of 
hydrate  of  potaasium,  and  the  soap  is  disaolred  in  water  and  salted  out  The  soda- 
soup  thns  formal  is  diasolred  in  warm  water  and  allowed  to  cool ;  it  is  then  pressed, 
agifcin  dififlolTed  in  water,  and  the  solution  is  heated  to  the  boiling  point,  and  d^>eom- 
poaed  with  chloride  of  calcium.  The  Ume-soap,  after  being  washed  and  dried,  ia  freed 
frum  unsaponified  wax  by  means  of  ether,  and  decomposed  by  hydrochloric  acid.  The 
separated  fatty  acid  ia  crj'^tjilliscd,  tirst  frwra  alcohol,  afterwards  from  a  mLXtnre  of 
alcohol  and  ether,  and  is  huttly  washed  with  cold  alcohol      (Sthumer.) 

7.  From  C'hinesf  Wax. — The  wax  is  sapf>niiied  with  alcoholic  potash  ;  the  alcohol 
is  distilled  ofT,  sfYer  addition  of  water;  and  the  Hoap  is  decomposed  with  anlphuric  acid. 
The  separated  fatty  acid  is  then  strongly  pressed,  and  the  press-cake  ia  moistened  with 
alcohol,  and  again  pressed  sf-reral  times.  The  rem:iining  mass  is  crystallised  frt>m  hot 
alcohol  until  it  exhibits  the  melting  point  of  palmitic  acid.     (Maskelyno.) 

8.  From  Cojpe-bfan.". — The  powdered  beans  are  extracted  with  ether  containing 
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miter,  and  the  ether  is  evaporated ;  the  rcraaiiiLng  jeWaw  bitter  fut  u  fwed  from  Urn 
rarions  acids  of  cofie«,  and  from  caffeine,  by  ehuking  it  repeatedly  with  0De-1Utb» 
Toluine  of  water  and  drawing  off  the  aqueouft  luvor  of  liquid,  and  ia  a-fterwardB  aipMf 
fied  with  cnnntic  potiish.  The  Bonp  is  nalted  out,  dissolvrd  iu  water,  and  dr<omp(wd 
(tiy  dilute  sulphuric  ttcid;  and  the  mixture  of  oleic  nnd  palmitic  acida  ia  eottfittej 
into  lead-suits  by  Iwiling  the  aci^ls  with  curbonnt^  of  sodium,  dts^olring  the  aQda-An 
in  ntoohol,  and  prrcipitating  with  neutral  acetate  of  lend.  Th«^  lead-aaJta  ar*  (mlsl 
with  alcohol,  which  diHsolvL-fl  them  eompletolj ;  bat  on  coolinc  and  pwtlj  PTaponrq| 
the  snlution.  the  palmitute  of  l^ud  separaten  in  lh«  form  of  a  white  powder,  wirik 
the  uleatf  remains  in  solution.  The  former  is  collected,  wiiahed  with  alconol  eoBfaiaiM 
water,  and  decomposed  by  sulphydric  acid  under  etber-ulcoboL  The  palmitic  acid 
remaining  behind,  when  the  filtrate  is  evnpomted,  in  obtjiined  with  a  melti&ff  pobd 
of  58-0°  bjr  five  times  repeated  cryBtallisation.  (Rochleder,  Ann.  Ch.  Phm, 
rii.  228.) 

«.  From  Oleic  add. — Oleic  acid  is  saponified  by  a  slieht  excess  of  hTdmrecf  nn 
ta^'sium.  with  addition  of  a  little  water ;  a  quantity  of  hydrate  of  potaasium.  "qjaiio 
twice  the  weight  of  the  olri?  ai^id  is  then  added;  and  the  mixture-  is  beati^l,  with  cm- 
Btant  stirring;,  until  the  potash  is  melted,  too  great  a  heat  being  prert^nted  by  \h» 
occasional  addition  of  a  few  drops  of  water,  so  that  the  mass  may  Dot  bisioken.  bat  eily 
as.*)ame  a  brown-y<'llow  colcnr.  As  soon  as  the  potash  is  raeUed,  Mod  hydrogen  tatii 
erolred,  the  fire  is  remored,  and  the  mass  is  thrown  into  not  too  lar^g^  a  qoantitTaf 
watpr.'when  the  soap  which  has  been  formed  s^^paratea  aod  floats  on  tti«  sur&ceL  Tfai 
soap  is  removed,  dissolvpd  several  times  in  water,  and  salted  ont.  and  afterwards  d«> 
composed  by  dilute  hydrochlorio  acid:  the  palmitic  acid  thus  separated  is  pnrifiedby 
ezystallisation  from  alcohol.    (Varrentrapp.) 

(  From  FAhal. — Ethal,  mixed  with  fire  or  six  parts  of  potash-lime,  is  hented  to  310" 
—  220^  (263^ — 276^,  accirding  to  Hi'intz),  in  a  motal-bath  for  fire  or  «»  hoom, 
so  long  na  hydrogen  is  ernUetl ;  the  residue  is  suspended  in  water  ;  and  an  rzcfMcf 
hydrochloric  acid  is  added,  whereby  the  palmitic  acid  is  separated  in  white  floeka 
After  allowing  the  mixtore  to  boil,  the  acid  is  WHshed.  then  boiled  for  half  aa  boor 
with  exc<^8s  of  hydrate  of  barium,  and  evaporated  to  dryness.  The  cthal  remaiaiaf 
Dndecomposed  is  taken  up  by  ether ;  the  residue  is  decomposed  by  hot  bydrochlcne 
acid :  and  the  separated  acid  is  washed  and  dissolved  in  ether,  to  remove  traces  of 
undeoomposed  barium-salt  (Dumas  and  Stas).  The  jpalmitic  acid  thus  obtalaed 
still  requires  to  be  freed  from  stearic,  myrlatio,  and  launc  acids,  which  are  pnxlnesd 
at  the  same  time.     (HeintK.) 

The  fatty  acids  obtained  by  saponifying  fata,  or  by  heating  tbem  with  potaah-hW, 
and  dtM^omposing  tho  soaps  (and  freed  from  tfleic  acid  hy  the  method  aireAoy  described. 
Ui.  474),  admit  of  separation  into  two  distinct  portions — iniumucb  aa  when  tbry  art 
dissolved  in  hot  alcohol,  a  mixture  of  the  more  diifii?ultly  fukible  acids  crjntaininp  a 
high  pereentace  of  carbon,  especially  palmitic,  stt^&ric,  and  likewise  Hruehidic  sod,  if 
present,  crysuUisca  out  on  ci>olin|^; — mtd  by  pressing  the  crystala,  muisteDiDg  with 
alcohol,  and  again  pressing,  tht'y  muy  be  obtained  separately,  while  a  snmller  portifla 
of  the  same  acids,  log^ther  with  the  more  easily  fusible  mynstic  and  laurie  acids,  re- 
mains in  solution,  and  may  be  separated  by  methods  already  described  (iii.  474, 
1U70). 

When  the  fata  contain  no  acids  with  a  higher  percentage  of  carbon  than  palmitic  acid, 
and  more  especially  no  stearic  or  arachidic  acid,  or  only  small  quantities  thereof.theymay 
be  ciystallit«ed  fn^m  alcuhol  until  the  crystals  melt  at  62°,  and  are  then  to  be  pxamin^ 
an  to  their  parity  by  the  method  given  at  p.  1070.  vol.  iil  In  the  contrary  case,  the  wholt 
of  the  acids  are  di!iA>j|v><d  in  suc-n  aquantity  of  alcohol,  thut  nothing  crystallises  ontea 
couling;  the  solution  in  pret-ipitatfni  twu  or  three  times  with  a  quantity  of  ocetata  df 
magnesium  equal  to  about  ^,ih  of  the  fatty  acids;  and  the  Buccesaivtf  prscipilatss 
are  separated  by  filtering  and  pressing.  Thoie  precipitates  contain  the  wnole  of  the 
ateario  acid,  provided  the  fat  does  not  contain  too  Urge  a  quantity  of  it,  together 
with  a  relatively  small  quantity  of  palmitic  acid.  The  mother-liquors,  diluted  Kith  * 
lurge  quantity  of  hot  water,  and  left  to  cool,  deposit  the  palmitic  acid,  which  is  col- 
Ift'ted,  eautnincd  as  to  its  parity,  and  poritied  eilhpr  by  rpcr}*Htallisation  from  aleobnl, 
or  by  aguin  precipitating  it  with  sTnall  portions  of  aceliit^  of  magneaium  (Heints) 
In  a  later  prooess  Heintz  precipitates  the  sodium-salt,  instead  of  the  atcohoLio  add, 
with  acetate  of  raagncuinm,  in  tne  manner  above  describod. 

For  the  older  methods  of  preparation,  whereby  the  so-called  tnarKario  acid  «M 
obtained,  together  with  stenric  and  oleic  acids,  see  (rmriin'9  Handbook,  xvi.  3(A. 

iVffpcWws.— Palmitic  acid  is  a  colourless  solid  body  without  taste  or  smell.  lightsr 
than  water.  It  is  insoluble  in  tca^r,  but  dissolves  abundantly  in  boihng /i/zdwV or 
fXKer.  The  solutions  are  acid,  and  when  concentrated,  solidify  in  a  maAS  on  eoolui|: 
When  dilute  they  yi^Id  the  acid  in  tuffs  of  slender  needles.     It   melti  at    fi2*  acJ 
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•olidifi^  on  cooling  in  a  masA  of  shining  nacreoos  Umimc  Aeeoiding  to  Frimy, 
palmitje  acid  which  haa  bMO  heated  to  2dO°,  cryatalliAea  from  alcohol  in  sniaU  Teij 
hitrd  eryetala. 

Palmitic  acid  may  be  nir>]t«d  together  with  laurio  and  myrUtic  acidt.  In  certain 
proportioofl  thr*  mmuroft  aro  not  B«parabl0  bj  cr^BtaUinitioo  from  alcohol  or  ether: 
they  exhibit  the  foUowiug  eharactem  on  melting  and  solidifying  (Heints): 


A  mUtgrt  of- 

Ucluat 

Mode  of  tciUdUirhlfl. 

Pftlmktc  icld. 

LAuric  irld. 

10 

90 

41 -SO 

UncTystaUised. 

20 

80 

371** 

Finely  cryHtallised.  indistinct. 

30 

70 

:i8"3» 

Small-leared,  crystalline. 

40 

60 

401° 

Splendid  large  lamins. 

60 

69 

47*0* 

Opaque,  scarcely  cryBtalli&B. 

60 

40 

61-20 

Granular,  diatinctly  itcaly. 

70 

30 

54-5=' 

More  distinctly  scaly. 

80 

20 

67-4« 

Still  nnjrv'  distinctly  acaly. 

90 

10 

6fl'8° 

CrystaUine  acalea. 

A  mlxCufe  ot— 

Melii  Ai 

SalidlOn 

Modeoruilldirjioff. 

r«lmr(lc  Ktd. 

M;riilte  »ei(l. 

05 

6 

611^ 

68^ 

Crystalline  scuiea. 

00 

10 

60-l» 

W-fio 

*i             It 

80 

20 

68« 

fiSfi" 

Scales  with  slight  admixture  of 
needles. 

70 

30 

64-9° 

61-30 

Very  delicate  needles. 

60 

40 

61fio 

49-60 

Uneven,  uncrystalliaed. 

50 

50 

47-8° 

4530 

Large  lam  inn. 

40 

60 

47° 

4370 

Indistinctly  lamellar. 

3d 

65 

46-6« 

.     . 

Uncrjfltallised,  opaqae. 

32-5 

67-5 

46-2° 

440 

30 

70 

46-20 

4370 

20 

»0 

49-50 

413« 

Uncrystalli-sed. 

10 

90 

61 -e* 

4680 

Long  needlea. 

A  miitore  of  30  per  emt  myristic  and  70  per  cent,  lauric  add  melta  at  35-lO; 
and  when  to  20  paneof  this  mixture,  from  1  to  100  part«  palmitic  acid  are  added,  the 
meltiDg-poLntfi  of  the  resulting  mixtures  are  altered,  according  to  Heintx,  as  folluwa :  — 
On  addition  oi. 


I>ilmitl« 
■ci(L 

1  part 

S  » 

8  ,. 

*  ,. 

5  » 


The  melting 
point  ii — 

33-9° 
33-1° 
32-2« 
82-70 
33-70 


Pahnltk 

ackt 
6  parts 

8    „ 

«     » 

10     „ 


The  m«ltln( 
potnt  Is  — 

84-60 

86-«o 

86° 

87-30 

888° 


The  mixtures  with   9  and  10  parts  palmitic  acid  solidify  in  delicate  needles,  tha 
others  un cry utaUised.     (Heiats.) 

For  the  mude  of  solidifying  of  mixtiires  of  palmitic  and  stearic  adds,  see  Stkario 

AOD. 

The  composition  of  palmitic  add  is  as  follows : 


CalcuiatMm. 

Fr4mj. 

Seen  house. 

Schwart. 

Stbxiner. 

Virren. 
IJ'SS 

Brodti. 

HeiDU. 

IM        73-0 

at      13s 

7<-3 
13-3 

7<■^4 

ixe 

12- S4 

74-9 
lift 

74  43 
130S 

74-97 
lr«e 
11-67 

74119            74-M 

2M       100-0      1(30-0 


KMHKI 


too-oo 


100-00 


100  00 


Palmitic  add  heated  in  a  dish  boils  and  evaporates  without  residue  (Dumas  an^l 
Stas).     Od  diitilUtion  it  passes  over  almost  entirely  uuohunged,  ginng  off  ool^  a 


334 


PALMITIC  ETHERS. 


little  oil  (Pr*myX  ami  learing  ■  eligbtly  coluurcd  midae.  which  melta  M  7a*,  mA 
probably  consirtD  of  pHlmitflnc  iMasknlyne);  the  melting  point  of  th«  dittflblto ii 
iowcrvd  from  68**  to  67*^,  ami  the  iwrcenljiiit*  of  carbon  sompwhnt  inrreiiBed  (Stthvuf^ 
but  nfter  recrystiUisation,  the  arid  remrtina  nn«lt«Ted.     (FrAcny.) 

Wlipn  pently  heatod  In  contact  with  th^  atr,  it  iA  bat  slightly  altered,  bat  %t  fai^ 
temperatore*  it  taltM  fire  and  banm  with  a  bright  ■moln'  flame  like  oUict  f«l* 
Bbaorbs  oe<me  but  slowly,  even  in  preaonco  of  on  alkali,  ninch  of  the  acid  rMnui 
altervd  eren  after  wiposure  for  ncTpral  weeks  to  ozonised  air.     Carbonic  »cid  is 
by  the  oxidation,  but  no  other  acid,    (Gorap-BesaneE,  Ann.  Ch.  PTmrm-  exit.  XU1 

Palmitic  acid  la  not  attacked  by  chlorine  at  ordinal^  temperatnrea,  bat  at  lOfl^ 
hydrochloric  is  evoWed  and  oily  saletitation-prodocts  are  fomea. — Distilled  with  h^ 
f-iiher  anhydrous  or  hydrat«d,  it  yields  pAlmitooe  and  carbonate  of  caldon.  (Firik 
Haskelyne.) 

2C"H«»0«  -  (?>H»0  +  C0»  4-  H«0 
It  ii  not  altered  by  h^atinp  to  275'^  with  potash-lime  in  a  closed  wasel ;  if  air  be  ad- 
mitted,  a  little  butyric  acid  ia  formed,  with  sepAratlon  of  charcoal,  but  the  greaUr  ptit 
of  the  palmitic  acid  remains  unaltered  (Heints).  When  palmitic  acid  is  healea  t« 
low  redness  with  excew  of  potash-lime,  gaasoos  and  liquid  oleAsea  Are  prodofici 
(Cabours,  Compt.  rend,  xxxl  142.) 

Palmitic  acid  heated  with  aUxthoU  form  componnd  ethers. 

Palmitates.  The  formula  of  the  neutral  pnlmitates  is  C'*H**MO"  (or  periiaf^ 
C?^«M'0*)  for  monatomic,  and  C^I^M^O*  for  diatomic  metals.  The  alkab'-metds 
also  form  ncid  palmitatee  analogous  to  the  acid  acetates,  batyrates,  Ac.  haTimr  ths 
composition  C'«H"MO»  C'«H"0».  or  rather  C"n«MO«.  thfl  adds  of  the  senM  0-HM)« 
being  most  probably  dibasic.  Tho  neutral  palmitatce  of  potaasiom  and  aodipm  an 
soluble  in  water  and  in  alcohol :  all  the  rt-st  are  in»<olubfe.  The  inac^able  ne&tnd 
palmitates  are  obtained  by  precipitating  the  solutions  of  the  corresponding  metallic  sabs 
with  an  alcoholic  solutiun  of  palmitate  of  potassium  or  sodium. 

An  acid  palmitaCf  of  ammonium^  probably  CH"(NTI*)0\  is  deposited  from  aolotioos 
of  palmitic  acid  even  in  u  large  excess  ofamroonia;  it  is  iniioluble  in  cold  water.  (Fr^mjJ 

Potansium-aaUs.  The  nevtral  m/^.  C'H^'KO*.  obtained  by  meltinff  pal 
acid  with  carbonate  of  potassium  awl  exhausting  with  boiling  alcohol,  crystalliaet 
the  alcoholic  solution  in  white  pearly  dcalefi,  fusible  without  decomposition  or  lo 
weight.  It  dissqlTOfl  in  a  smuU  quantity  of  water,  but  is  decomposed  by  a  laz^ 
quantity;  perfectly  soluble  in  aicuUol,  insoluble  in  ether. — The  add  ioli^  C"S"KO*. 
precipitated  on  mixing  a  solntton  of  1  pt.  of  the  neutral  salt  in  20  pta.  boiling  i 
with  1000  pts.  cold  wiiter.  By  dissolnng  the  dried  precipitate  in  boiling  alcohol,  ^ 
leaving  the  solution  to  cool,  the  acid  salt  is  obfainra  in  amall  pearly  scales.  Wisf* 
added  to  the  alcoholic  solution  precipitates  a  more  hip;hly  acid  salt  (CheTreolV 
Schwarc,  hy  saponifying  paIm>oil  with  potaiih,  and  rr^-stMlIising  the  soap  £rom  alcohol, 
obtained  an  acid  potassic  pulmitate  in  nodulc«  which  melted  at  100°. 

8odium-»alt».  The  neutral aalt,  C'*H"NaO',  prepared  like  mjristate  of  flodim 
(iiL  1072),  forms  broad  pearly  laminsf  moro  easily  decumjposed  by  water  than  the 
potassium -salt  (Dumas  and  Stas).  According  to  Ifeinta,  it  separates  from  alcohohe 
solution  in  the  form  of  ft  jelly,  which,  on  standing  with  a  snffictent  quantity  of  alcohol, 
changes  to  cotourl«a  Inininie.  TTie  arid  mil,  C"H*'NrO*,  obtainea  by  diaaolvinff  tbs 
neutral  sail  in  1500  pts.  hot  water  and  b^'urtng  the  solution  to  cool,  is  white,  tattMsai, 
more  fusible  than  the  neutral  tuilt,  insoluble  in  water,  easily  soluble  in  hot  aloohoL 
(ChevrenL) 

Tho  harium'salt^  C"II''Btt'*0*,  is  a  white,  pearly,  crystalline  powder,  which  deoom* 
poses  before  melting.  The  Maffnf$ium-solt,  C^H*Mg^O*,  is  a  snow-white,  loose 
crystalline  precipitate,  which  diiuolvet  in  b4:>iling  alcohol,  and  crystaltises  almost  com- 
pletely on  cooling,  in  microscopic  rectangular  l&uiiiue. 

The  copper-salt,  CH^Cn'O*,  is  h  pale  green-blue,  very  looae  powder,  composed 
of  microscopic  laminae.  It  melts,  when  heated,  to  a  green  liquid  which  rapidly  decom- 
popes.  The  lead-talt,  C**H'*Pb'0*,  forms  anow-white  microscopic  scalea,  w^cb 
melt  at  108*'  (Maskelyne).  between  U0°  and  112°  (Heinta),  andsolidifjr  to  a  whits 
opaque  amorphous  mass.  By  healing  this  salt  or  the  acid  with  basic  acetate  of  lead, 
basic  pal  mil  nt*-**  of  1  pad  are  obfaitipj.  The  slh^rr- salt,  C^*H"AgO-,  is  thrown  down 
fh)m  cold  BolutioQS  as  a  somewhat  gehitiDoUK  prei-ipitHte,  which  is  blackened  by  light  is 
the  moist,  but  not  in  the  dry  state  (Varrentnipp).  It  appears  amorphous  ereo 
when  hiphly  magnified  (HeintzV  It  diswiWes  slightly  in  water  (VarrentrappV 
From  a  solution  in  wami  aqueous  ammonia  it  separates  in  indistinct  scales,     (v.  Borck.) 

FATiMTTOIC  BTREXa.  a.  Confa.ining  the  alcohohe-radicles  OH^*^'. — Metk- 
^lic  Palmitate,  C"H»'0'  -  C'*H»'(CH')0',  obtained  by  heating  palmitic  add  with 
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methvHc  alcohol  in  a  scfded  tube  to  200^—250°,  forms  cxystjilB  which  melt  at  28^  &nd 
•olidify  at  22**.     (Berthelot) 

Etkylie  Palmitatc,  Palmitic  or  Ethalic  ether,  C'"H'^>«  -  C"»H"(C»fl*)0»,  ii 
obtained  bv  paosing  bvdrochloric  add  gas  into  a  saturated  almholic  ftolation  of 
palmitic  acid  (Fr^m^,  Heints);  also  by  beating  palmitic  acid  with  ethjlic  alcohol 
to  200°  —260^,  or  with  el  hjlic  etber  to  3f>0°  ( B  e  r  t  h  e  I  o  t).  It  ajstaUises  in  prismo, 
mclt^  at  24-2^  and  solidifies  in  a  foliated  mass  on  cooling.  When  crystallised  tfom  an 
alcoholic  solutiun  at  o°  to  10°,  it  forms  long  tiatt<>ned  needles. 

•  AmylicPalmUatr,C*^^'*Q^  -  C'*H"(C*H")0«,  is  obtained  by  simUarproceaaoe; 
aUo  when  pAlmitia  is  boiled  with  amylic  alcohol  containing  amylate  of  Bodiom  (Duffy, 
CUem.  Soc.  Uu.  J.  t.  314).  It  is  soft.  noD-crystaiUne,  and  meltfl  at  0°(Bertba]ot); 
at  l3-fiO.     (Daffy.) 

Cett/iic  Paimitate,  C«H"0«  =  Cr*H*'(C"H")OV  constitutes  the  principal  part 
of  the  nolid  portion  {cftin)  of  spermaceti. 

Myrieytic  Palmitate,  C«H"0»  «  C|*H"(C*H")0»,  is  contAined  inconsiderable 
qnantity  in  *iie  portion  of  bees-wax  which  is  insoluble  in  t>oiHng  Hicohol  (see  MraiaR. 
fii.  1069). 

$.  Pat,iciTATB8  or  Oltobrtl  or  PALKlTiifB.      Palmitic  acid  forms  three 

compounds  with  glycerin: 

Monopalmitirtj  C'*H"0*  =  n\  r»»n»'0^^'  ^'  ohtained  by  beating  a  mixture  of 
glycerin  and  palmitic  acid  to  200*^  fur  24  hourc.  It  forms  radiating  ooloarleas  prisms, 
melts  at  68°,  and  distilfl  in  the  barometric  vacuum  viUiaiit  altenitiou.  Heated  in  con- 
tact with  the  air.  it  yields  acrolein.  It  difisolres  readily  in  ether.  It  is  saponified  by 
oxide  of  lead,  yielding  glycerin  and  palmitic  acid. 

Dipalmitin^  C"H"0*  «  H^r'»H''01'(^'  ^"  produced  by  heated  palmitic  acid 
and  glycerin  together  to  100°  for  1  i  hours.  It  forms  colourless  tablrs or  needles,  which 
melt  at  fiO°,  yield  acrolein  when  hotited  iu  the  air,  and  bum  without  residue.  It  is 
rapidly  saponified  by  oxide  of  lead  at  100°. 

TripalmitifLy  C'H**0'  b  /ri'H"0^>i^*'  ^  obteined  by  heating  a  mixture  of 
1  pt.  moD(»p!ilmitin  and  10  pts.  palmitic  acid  to  250°  for  28  hours.  It  is  soUd,  melts  at 
60*^,  solidifies  at  49°,  and  in  saponified  by  oxide  of  lead. 

Natural  palmitin,  occurring  in  the  fata  wliicb  yield  palmitic  (or  margaric)  acid, 
by  saponification,  ia  ittomeric,  if  not  identical,  with  tripalmitin.  It  is  cryBtaUisablo, 
sparingly  aoluble  in  olcuhol,  and  diioulYes  in  all  proportions  in  ether.  According  to 
Dii  ffy  {^>c.  cit\  it  exJiibits  Lhrfp  distinct  melting  points,  viit.  46°.  ei7°  and  62-8*», 
correnpooding  to  three  difierent  phyiiical  modifications  (see  Gltckiudm,  iL  879).  It 
Bolidiflee  at  45-fi° 

Palmitin  exints  in  palm-oil»  Japan  wax  (Sthamer),  human  fat  (HeintiX  And 
roff*Ae-berries(RoehIeder).  It  is  extract  ed  from  palm-oil  by  prcKsure,  and  the  residue 
is  washed  with  lioiling  alcohol,  and  crj'atuJJifrod  Bovcrol  times  from  ether. 

y.  PjU-MiTATa    iiv    MjiNMrxTL.       Dipalmiio-mannUaHy    Manniie   mona-palmitique, 

C'H'^O'  -=  (C'*H"0)'t0\     To  prepare  this  compound,  pulmitic  acid  is  heated  with 

manaite  in  a  sealed  tube  to  120^  for  16  to  29  hours,  and  the  fatty  layer  which  floata  on 
the  surface  and  boIIdificMon  cuolio^,  is  melted  in  a  water-bath,  mixed  with  a  little 
ether  and  with  excess  of  slaked  lime,  heated  for  10  minutes  to  100°  and  then  ex- 
hausted with  ether.  If  the  product  obt.iined  by  evapomting  the  ethereal  solution 
reddens  litmua^  in  must  be  once  more  troalod  with  ether  and  lime. 

Hannitic  paJmitate  is  a  solid,  white,  neutral  masH,  restmbling palmitin, and  separat- 
ing &om  ether  in  mi(TDBCOpie  crystals.  It  melts  to  a  wax  when  heated  on  platinum- 
foO,  and  volatilines  almost  undecomposed*  charring  only  towards  the  end  ;  the  residue 
burns  away.  Water,  at  240°,  decomposes  it  in  a  few  hours  into  manniun  and  palmitic 
acid.  Insolnblfi  in  water,  soluble  in  ether.  (Berthelot,  Ann.  Ch.  Phys.  [3]  xlrii. 
323.) 


PAX.MXTOXX.     C^'H^O 


See  Pauotates  of  Oltcerti.  (p.  334). 

piAuii    \   ^^olone,  (Piria,  Coropt  rend-xxuv. 

140;  Mufikelyne,  Chem.  Soc.  Qn.  J.  viii.  !.) — Tbe  scetone  or  ketone  of  palmitic 
■cid.  It  wsa  first  obt^ained  by  Bussy,  who  called  it  margaronf^  but  his  product  whs 
probably  mixed  with  stearone.  To  prepare  it,  palmitic  acid  is  distillKl  with  excess  of 
■loked  lime  (Piria).  or  with  one-fourth  of  its  weight  of  quicklime(Ma8kelyne),uid 
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tbe  product  la  purified  hy  rcpenUd  dTstallisatioQ  from  boiling  &loohoL  It  fbnu  9mtSL, 
white,  pe&rlv  scales  or  laminv  ;  melu  at  94<>,  and  soUdifiM  at  80=>  to  ft  big^j  «l«e&w 
nau  (Maskelynf).  It  disHoIr^s  in  a/cohol,  with  grcHter  fucility  as  the  alcofaol  ■ 
ttronger  (Piria).     EjiwIt  iu>lw!»le  in  hmsenf.     (Mnekel^ne.) 

It  resists  the  action  of  nitric  acid  nnd  oi pofash-lej/,  bat  is  attacVvd  and  blaffcffiMtj 
nitrotidpharic  acid  [^^^\ie\y  n^).  It  do«ji  Dot  unite  with  acid  ttUjtkitf  tj  ^ikii 
9MtnU.     (Limpricht,  Aun.  Phjirm.  iciv.  245,) 

PAUOZTOWXC  ACXD.  An  acid  of  doubtful  composition,  a&id  hj  Selivin 
(Ann.  Ch.  Pbsrm.  be.  68)  to  be  prodaced  when  palmitic  acid  is  kept  iu  a  at4it«  of  tmmm 
for  a  long  time  in  contact  with  tbt*  air.  Schwars  suppuaea  that  under  thrae  cnc 
atances  a  portion  of  tJie  carlwn  and  hydrogen  of  tbe  palmitic  acid  i»  rrmored  by 
oxiibttion,  and  an  acid  is  l*»ft  Imring  the  composition  (7"'^'0*  or  C"'H"0*  (For  i 
deacription  of  this  auppoeod  scid  and  its  salta,  sec  HandworUrlntck  d.  CAem,  vL  16.) 

PAUklZTTXp.  C'H'iO.— The  hypothetical  radicle  of  palmitic  acid  and  it»i». 
rivatives.     The  eume  term  ia  sometimes,  but  improperlj  MppUed  to  oetjri,  C**II". 

rAXJtt-OXX  or  rAXJC-atrTTIBJt.  This  fat,  which  in  the  freah  atJita  cxmtS^ 
mjtinly  of  tripttimitio  with  a  small  qaautity  of  olein,  is  obtained  from  the  froic  of  ceititB 
liifids  of  palm.  CWo«  huii/racta  according  to  some  authorities.  Avoira  elais  acconiiagto 
others  ;  it  is  imported  from  Cayenne  nnU  the  coast  of  Guinea.  It  has  the  eooaiatvaei 
(if  I 'Utter,  an  omoge  colour,  nud  an  odour  somewhat  like  that  of  rioieta.  Tbe  £f«>>hoil 
iiK'Jt!f  ut  27^.  but  lis  it  gets  stale,  the  melting  point  rises  to  31  ^  and  eren  to  Z9',  a 
e<mM^)i)>  nee  nf  the  re^oTntion  of  the  neutral  fata  intn  glycerin  and  fattj  acada.  Old 
pulm-oil  nsually  contains  a  considerable  quantity  of  free  palmitic  acid!,  tbe  d«eai&- 
poffition  being  induced,  according  to  Pelouze  and  Boudet,  by  the  preaenee  of  s 
pecnliar  ferment.  It  girea  off  acid  vapours  when  hented  to  140''  and  abi.>Te,  a&i  «l 
300-^  it  boils,  emitting  the  odour  of  acrolein,  and  yielding  a  distillate  of  £tttT  acidi 
(Pnbl).  It  ditiftolrea  in  strong  sulphuric  acid,  and  the  tioiution  on  standing  oewMitt 
palmitic  acid  (Pr6my\  It  dissolres  slowly  and  incompletely  in  oold  olcobol,  bat 
mixes  in  all  proportions  with  ether;  disaolTea  in  oil  of  turpentine  and  oil  of  almonds, 
with  se^viration  of  flocculent  matters.  (Oaibourt,  J.  Chim.  m^d.  i.  177. — Henry, 
J.  Pharm.  li.  241.)  M 

Palm-oil  is  extensively  used  in  the  manufacture  of  aoap  and  candlea,  mlso^  xniiad  ■ 
with  tallow  and  a  certain  poKion  of  caustic  soda,  for  makine  railway  greese  (wa 
Hichardson  and  Wattit'a  Chtmical  Teckntjloffi/,  voL  i.  pt.  3,  p.  742).  For  tbeUtt^ 
purpose  the  crude  yellow  oil  is  used,  but  for  soap  and  candle  making  tbe  colour  mu^t 
DO  removed.  Tbe  bleacliing  may  be  efrecte<l  by  various  proceaaea,  via. :  by  the  acti^ 
of  chloride  of  lime,  of  oxygen  derived  from  peroxide  of  manganese  and  sulphuric  acid, 
or  from  bichromate  of  pota»ib  and  sulphuric  acid ; — by  heating  tbe  oil  In  a  cloee  vtmd 
to  110°  C.  (230°  F.)  by  means  of  high-pressure  steam;  or  to  100-  C.  (212^  F.)in  opaa 
vesaela,  »o  that  it  may  be  exposed  to  the  action  of  air  and  light,  Thia  last  ia  tbe  mail 
economical  of  all  melhrHis  of  bleaching  palm-oil,  and  has  almottt  entirely  aupeneded  tilt 
others.     It  is  carried  out  as  follows: 

Several  very  Urge  M^uare  or  flat  boxes  or  cistams  are  preparpd,  either  coDstractad 
simply  of  wood,  or  better,  lined  with  lead.  These  boxee,  which  are  twelve  inches  deep. 
and  are  funiished  at  the  bottom  with  a  aerpentine  leaden  tube  in  connection  with  a 
^team-boiler,  must  be  so  situated  aa  to  admit  of  the  free  acc««s  of  air  and  light.  Afba 
they  have  been  filled  up  to  the  height  of  eight  inches  with  water,  palm-oil  ia  introdoeed 
in  sufficient  quantity  to  form  a  layer  two  inches  deep  after  being  melted  by  ihs 
admission  of  the  steam,  the  current  of  which  must  be  regulated  so  as  to  aflford  a 
uniform  tempcTature  of  100°.  At  the  expiration  of  ten  or  fiAcen  hours,  th"  eolooris 
dMtroye*!,  the  length  of  time  required  depending  very  much  ou  the  power  of  the  aun's 
rnya  Palm-oil  might  perhaps  be  advantageously  bleached  by  the  tropical  snn  of 
Africa,  before  its  importation  into  Europe.  The  bleRching  may  also  be  accelerated  by 
blowing  air  through  tbe  melted  oiL  The  method  of  bleaching  with  chromate  of  pota«- 
aiaro  and  sulphuric  acid  is  more  expeditious  than  that  joat  described,  but.  it  is  alao 
much  more  expensive.  The  oil,  even  after  beiug  subjected  to  the  most  effective  prt>- 
cesB  of  bleaching,  still  retains  a  (ditibt  yellowish  hue,  but  ihisoolouris  no  longer  per- 
ceptible in  the  soap  made  from  it.  (For  further  details  sre  Chetnical  'fkchnoioffy,  vol  L 
pt.  2,  p.  410 ;  also,  Urc't  Dictionary  of  ArU^  Ac,  p.  iii.  260.) 

FAXiBC-SUOAK.  The  juice  of  variouR  kinds  of  palm  yields  a  saccharine  mattsr 
from  which  catiF'-BiigJir  may  be  extracted-  In  Java,  a  black  very  hygroscopic  sugar  is 
ublained  from  the  juice  ot'  Arrn^anacchartftra  iind  o(  StiffurrHt  RurnphiL  Berthelot, 
(Cumpt.  rend.  xWi.  1*^76 )  has  extracted  cane-sugar  from  tbe  latter.  The  so-called 
ingaror  Lontar  sugar  of  India  ia  prepared  from  ibeflowi^r-stalksof  ^roMMj/oAetfi^; 
it  ia  likewisa  hygroacopic,  and  is  said  to  be  pargutire  when  token  in  large  quantity. 
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PA&K-D7AX.  Gra  <//  Paiina. — Thu  wax  ii  the  produce  of  Cerorff(<m  andicola, 
ft  apK^iftf  oi  palm  indigoDouit  in  tb«  tropical  regtoiu  of  America.  The  entire  fttem  of 
the  tree,  which  ia  two  feet  thick  and  fiftj  feet  high,  is  covered  with  a  lajer  of  wax; 
this  is  removed  by  scraping,  and  purified  with  hot  water,  in  which  it  does  not  melt, 
but  collects  iu  a  euft  iitHte  on  the  fiurface.  It  is  mixed  with  a  little  tallow  to  render  it 
lew  brittle,  and  formed  into  balls,  in  which  state  it  ia  aent  into  commercfl ;  it  is  xued  m, 
South  Ame^riui  for  making  cuudlea. 

Palm  wax  unmixed  with  tallow  is  dark  vellow,  domewhat  traoHliiccnt,  and  haa  a 
conchoi'dal  fracturo.  It  becomes  strongly  electric  by  friction,  ueltii  at  a  tentperatore 
sumcwhat  above  the  boiling  point  of  wateir,  and  takes  fire  at  a  somewhat  higher  teni- 
f>fmture,  burning  with  a  bright  irniokj  flame.  It  diswlrrs  i^radnoUy  but  completely 
in  c^mttic  alkalis.  It  is  likewiae  soluble  in  ether*  and  the  solution  when  left  to  erapo- 
rato  deposits  the  wax  in  crystals  resembling  carbonato  of  sodium.  Hot  alcohol  reeolTes 
it  into  two  distinct  substanoes,  a  trae  wax  and  a  reoio.  The  former  separates  as  a 
jelly  from  the  cooling  alcoholic  solution,  and  may  be  freed  frum  adhering  resin  by  re- 
peated solutioa  iu  aJoohoL  It  then  melts  betow  the  boiling  point  of  wuter,  and  closely 
resembles  bees-wax  iu  colour,  and  also  in  composition,  as  fieen  by  the  following  com* 
parisou: 


6uUMing«uli. 
81-8                81-6 
12-6                13-3 
6*7                  M 

-        Le.;. 

80-73 

13-30 

697 

B^i'Vfo*. 

81-8 

12-8 

6-4 

1000 

lOO-O 

100-00 

1000 

Theremin,  called  ceroxylin,  is  obtained  by  evaporating  the  alcoholic  liquor  from 
which  the  jelly  htw  been  deposited,  firel  to  two-thirds,  whereupon  a  little  mon?  wax 
•eparates  from  it,  then  to  one-fourth,  when  the  resin  scparati-s  as  a  ohintng  cryfitalhne 
mass  containing  83'4  percent.  cairboD,  IV5  hydrrjgpn,  and  fi'l  oxygen,  speeing  with 
the  formula  O"H"0,  which  is  also  that  of  elemi-rcsin.  Its  melting  point  is  above 
100°.  In  the  fased  8*atc  it  bus  the  colour  of  umber,  and  splits  ia  all  directions  as  it 
cools.     It  is  soluble  in  other  and  in  volatile  oila. 

Wax  is  likewise  obtained  from  somo  other  species  of  palm.  The  leaves  of  the 
Camauba  palm  {Corypha  cFri/iTa\  a  native  of  northern  Brazil,  arecouttd  with  u  thin 
layer  of  wax,  which  peels  off  as  they  dry.  It  is  very  brittle,  easily  pulveri.ied,  melts 
at  83  6°,  dissolves  in  boiling  alcohol  and  ether,  and  separates  as  a  crystalline  mass  on 
cooling.     Lewy  fouud  in  it  80*4  per  cent  carbon,  131  hydrogen,  nnd  6-5  oxygen. 

According  to  TeMchemacher,  considerable  quantities  of  pulm-leaves,  probably  of 
the  dwarf  palm  {Chamaropt  humUu\  are  imported  into  the  United  States  from  Cnba 
and  the  other  West  Indian  islands,  for  the  use  of  hatters.  These  leaves  are  also  coat*d 
with  a  thin  layer  of  wax.  TeschemaeherubTsined  from  a  single  leaf,  by  scr.iping  with 
the  Bnj^er,  90  grains  of  whit«  pulverukut  vax,  and  by  exhaustion  with  alcohol,  300 
grains  more  of  a  somewhat  grey  colour.  This  wax.  when  treated  with  a  small  quantity 
of  alcohol,  is  reMilved  into  two  nnequally  soluble  constituents. 

PAXM-WUIX.  An  alcoholic  beverage,  prepared  by  fermentation  of  the  saccha- 
rine juice  of  certain  palms.  In  Aml)oina,  the  juice  of  Artnga  saccharifrra  is  us«<l  for 
this  purpose.  Pulra-wine  is  likewiae  obtained  from  Sagus  rapkia,  Manriiia  vinifrra^ 
Pfkxnix  dactylifera^  Cocos  nucifera,  and  others.  In  South  America  an  intoxicating 
drink,  railed  PiJga  or  Pulque^  is  prepared  from  the  juice  of  Fourorma  adorattu 

PAWABASE.     Syn.  with  Tetrabedbith. 

PAIffCRSATXC  JTTZCBt  A  clear,  roby,  colourless  fluid,  free  from  speciul  mor- 
pholo^ienl  cuiiblitui'nts,  uf  uo  particular  oaoor,  with  a  distinctly  alkaline  reaction, 
flowing  frum  the  pancreas  into  the  upper  part  of  the  ducdenum,  and  of  great  use  in 
digestion.  The  quantity  secreted  during  a  given  time  varieH  exceedingly,  and  depends 
mainly  on  the  amount  of  food  present  in  the  alimentary  canal.  The  percentage  of 
total  solids  also  vanes  greatly  (from  23 — 9  9  for  dogs);  in  general,  the  nersity  of  the 
liquid  is  in  invrrse  ratio  to  the  mpidity  with  which  it  is  secreted.  Pancreatic  juice 
decomposes  very  speedily  at  tli*)  ordinary  lempemture,  and  then  becomes  rose-coloured 
on  the  addition  of  chlorine ;  a  read  ion  which  is  lost  at  a  later  stage  of  decomposition. 

Id  tht*  ease  in  which  the  total  i^iolids  smuunted  to  9'924  per  cent.,  the  salts  were 
-866  per  cnt.,  and  consisted  chiefly  of  chloride  of  sodium  ('736  per  cent.X  lulpbatee 
of  sodium  nnd  patas^inm,  phosphates  of  sodium,  calcium  and  magnesiiun,  and  carbonate 
of  calcium,  with  traces  of  iron. 

The  greater  part  of  the  organic  matter  may  be  thrown  down  by  alcohol  as  a  white 
flaky  precipitiite,  which,  when  separated  by  Cltration  and  dried,  is  easily  rediasolred 
in  wafer     Heat  (72'')i  miDeral  actds,  tannin,  &c.,  also  produce  precipitates.     Tht* 
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aqueous  eolation  of  die  uleuhol-nrpripitaU  ezhibita  all  the  power*  of  rh«  cripssl » 
cretion,  and  hiU  bet>u  called  Pancreatia.  It  u  probably,  however,  a  nmtoit 
consuting  principally  of  some  protein-subtftjiace  aUira  to  cjiAfin.  Cobiih>'iBi  Ui 
Bi'paruted  from  it  a  bddy,  lacking  protein  chamctflra,  but  coDverting  *larch  iutc  n^ <r 
with  p-PKt  eotrgy,  and  Danilpwskv  (Virch.  Arch.  xxv.  279)  attempts  to  »hfn  ly 
cx'micace  of  three  ipeoitil  •'ftfrmenta.'  H«  makea  a  pancreatic  infimiou  by  rabfasot  tp 
vith  Bau()  ard  cold  witter  the  pancreas  of  a  dog  kiUwl  «ix  hours  after  a  ta**X  *»4 
filtering  ;  th^  filtralt*  ftcta  on  starch,  albamin,  and  fats.  Magnt*8ia  u  added  in  can*, 
and  tho  flnid  again  tiltorod  ;  the  filtrnti*  acts  on  otarch  and  albumin,  but  not  at  tU  « 
fat.  To  this  second  filtrutc  in  cartfully  added  oue>third  itj  volame  of  coUodiuo,  cad 
ttiP  mixturt-  id  well  ahaken.  tlio  ether  l>ciDg  allowed  to  eraporate.  The  prvcipittf^ 
whicli  is  CTAniilnr  and  not  lumpy  if  Mie  fx{>eriment  haB  been  well  performed.  isaep«aitn4 
by  fiUration.  The  new  filtrate  acts  upon  starch,  but  not  on  alburaiti.  The  preeipfab 
is  washed  with  spirit,  treated  with  a  mixture  of  lUeohol  and  ether,  and  filtered.  Tta 
andissolTpd  portion  is  washed  with  ether,  diftaolred  in  water,  and  again  filtenfd  Iht 
61tmte.  which  givea  no  decided  pmtein  reaction,  haa  no  action  on  starch  ;  bat,  w^ 
poaaefiaing  a  feebly  alkaline  reaction,  readily  djssolvea  fibrin.  Fanen^stic  jniee  tW 
GontAina  eztractiTo  mattera,  and  some  fat.  Leuelnef  in  company  with  tTroviDr,  ji 
found  ubandoJDtly  in  the  substance  of  the  gland,  and  haa  also  been  detected  ia  tk 
secretion.  M.  F. 

rAPAVBRnra.    C*H«'NO*.     (G.  Merck  [1860],  Ann.  Ch.  Pharm.  lin.  1» 
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alkaloid  existing  in  opium.  It  may  be  obtuinnd  by  prccipititting  the  aqueoos  extnel 
of  opium  with  aoda;  treating  the  precipitate,  which  conMsta  for  the  most  pan  d 
morphine,  with  alcohol ;  eTaponitiog  the  brown  tincture ;  treating  the  nwidue  wit^  t 
dilute  acid;  and  prtH^ipitiiting  the  filtered  solution  with  ammonia.  A  brown  reainou 
matter  is  thereby  thrown  down,  contaiuiug  a  coDsidemble quantity  of  paparerine;  ui 
on  diaaolring  this  resin  in  dilute  hydruchloric  acid,  adding  acetate  of  potaacium,  wbidi 
precipitates  a  dork  coloured  resin,  waahing  this  precipitate  with  water,  treating  it  v^ 
boiling  ether  and  leaving  the  ethereal  extract  to  cool,  papoverine  separate*  in  iW 
crystalline  form.     (Merck.) 

A  simpler  method  is todry  the  resin  preclpitatwl  by  ammonia  on  the  water^bath,  aai 
mix  it  with  an  cqnal  weight  of  alcohol,  whereby  an  onctuoua  mass  is  formed,  wfairh 
solidifies  after  a  while  in  a  crystalline  magma;  press  this  product;  recrystaUiae  it 
from  alcohol ;  and  decolorise  it  with  animal  diarcoal.  The  ^paverine  thus  obtaiMii 
still  contains  narcotiue,  to  separate  which  it  is  treated  with  hydrochluric  acid  aad.] 
crystallised,  and  thereupon  the  hydrochlowte  of  papaverine,  being  sparingly  aolubl*  and 
easily  crystalliaable,  separates,  and  the  whole  of  the  narcotine  may  be  extracted  hj 
cold  water.     (Merck.) 

Anderson  prepares  papaverine  firomthe  mother-liquor  ot  the  preparation  of  narootiiK. 
(See  Ofium,  p.  209.) 

Papaverine  crystallise.s  from  alcohol  in  lyilourleas  acicular  ctTStala  confaaedly 
grouped.  It  is  iaaoluble  in  ivatsr,  sparingly  aoluble  in  t^th^r  and  aUokoi  mt  onlioaiy 
temperatures,  more  readily  with  the  aid  of  heat.  The  solutions  blue  reddened  Utmai 
paper.  It  U  ^lArticulArly  characterised  by  assuming  a  deep  blufi  colour  when  vtroog 
sulphuric  acid  is  poured  upon  it.  It  does  not  appear  to  be  poiflonons;  indeed  it  may  Iw 
swallowed  in  mneiderable  quantity  without  producing  any  particular  effect.  Its  coin- 
position  is  ns  follows: — 
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20  C 

240        70*79 

70-47        70-68 

70-68         70-71 

21  H 
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632          666 

62«           646 
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fit         18-88 
329       100-00 
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When  popaverine  is  boiled  for  some  time  with  peroxide  of  vuznpttnfff,  sulpboricscifl 
and  water,  the  liquid  acquires  a  bruwn  colour,  and  after  some  hours  deposits  crystalliM 
fiakesL     (Merck.) 

Niiric  acid  difisolvos  papaverine  without  decomposing  it ;  but  on  mixing  the  solotioa 
with  excess  of  strong  nitric  acid,  red  vapours  are  evolved,  the  liouid  acquires  a  deep 
red  colour,  aud  omripp-polonrod  cryttaK  are  deposited,  consisting  of  nitrate  of 
nitrop^paveriue.  tVMr"(N0-)N6MIN0V 

Brtrtnint -water  added  drop  by  drop  to  papaverine,  forms  a  precipitate  which  redit- 
solvpR  at  first,  but  afterwiirdji  becomes  permanent:  it  con&ista  of  bydrobromatr  of 
brnmopapavorine,  C»H*BrNOMJ Br. 

Alcoholic  tiucturu  of  iodim  added  tu  an  alcoholic  solution  of  papaverine,  forms  nfn 
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■  whiTp  email  rrrrtali  of  an  iodide  of  papaverine,  containing  2C'*H'*X0' I* ; 
sixl  the  mothfr-liquor  yitildit  bj  erapuration  crystala  of  another  iodide  containing 
2C~H='N0M'*.     fAndersun.) 

Papaverine  hottted  with  four  timns  itii  weight  of  aoda-iime  girea  off  a  Tolatite  alkali, 
probaMy  tritylamino  or  cthylnmino.     (Anderfion.) 

Heatovl  with  UfdiJe  of  rthi/i  in  a  sealed  tube  it  does  not  yield  an  ethylat«d  boMi  bat 
merely  hydrioduto  of  papaveriiio,  and  apparently  alcohol  or  ether.     (How.) 

Salts  of  Papaterwe. — The  hydroehlortttr,  C"H"NO*.HCl,  i«  obtAined  by  dissoU- 
ing  the  alkali  in  dilute  hydrochloric  add,  and  adding  an  excess  of  acid;  it  is  tJien 
precipitated  as  an  oil  which  gradually  Bolidilies  in  large  hemihedral  oystals  belonging 

r        P 

to  the  trimeiric  system.    Observed  combination :    odP  .   Poo     .-    locUnation  of  the 

faces.  odP  :  odP  -  80<»  ;  t«  :  too    -  129*'20';  t»  :  -^    -  l49o  16'. 

The  ckloroplatinate,  2C*H"N0'.HK;i'.Pt»»Cl\  is  a  yellow  predpiUte  insolnble  in 
watfrand  id  kIcoKuL 

The  9ulphnie  ia  uncrystallisable.  The  nitrate  cannot  be  prepared  with  nitric  acid, 
becaose  the  least  excess  tends  to  form  asubstitution-compoand,  as  above  mentioned  ; 
bot  it  is  obtained  by  precipitating  nitrate  of  silver  with  the  hydrochlorate. 

PAPTSIir  or  Vt-getaM^  Parchrumt.—K  tongh  substance  produced  by  the  action 
of  aulphuric  acid  on  unsized  pupor.     (S«e  Ckllttlosb,  i  819.) 

(C'O*)'') 
PASABAVXO  AOZB.    CH»N*0«     »        (CO)">N'.     OxatyUcarbamidt  or  Ox- 

clifl'Urea,  CarhcnyUoxamide.  (Liebig  and  Wohler,  Ann.  Ch.  Pharm.  xxri.  28fi.) 
— ^Ad  add  formed :  1.  By  the  action  of  oxidising  agents  on  alloxan  (i.  136) : 

C'H'N'O*     +     0       =      C'fl'irO*     +     C0«. 
3.  Together  with  alloxantin,  by  the  spontaneous  decomposition  of  alloxan  (Baumert, 
Pogg.  Ann.  ex.  93): 

8C*HnT»0«      -      C^'N'O'     +     <?H«N^O«     +     CO". 

According  to  Heints  (Pogg-  Ann.  cxi.  436)  both  the  alloxantin  and  the  p«rabanid 
acid  6u0er  further  dccompositioD,  the  former  gTiidanlly  taking  up  oxygen  and  repn> 
dudug  oiluxauic  add,  while  the  latt^er  is  first  convtrted,  by  nstiumption  of  water,  into 
oxaluric  acid,  and  then  into  oxaJic  acid  and  urea,  and  the  urea  ultimately  into  carbon- 
ate of  ammonium. 

3.  Togt^ther  with  piuanidlne  and  small  quaiitities  of  xanthine,  urea  and  oxaluric  add, 
by  the  action  of  hypochlorous  acid  on  guanine.     JStrecker,  ii.  9fil.) 

It  is  ustially  prepared  by  difisoh-ing  1  pt.  of  une  acid  in  8  ptj.  of  warm  modemtely 
strong  uitrir  acid«  evaporating  to  a  eyrup  and  co<jliug :  it  then  cry&tallisefl  uut,  and 
may  be  purified  by  twice  recry stall i sing  from  water. 

Parabanic  add  forms  thin,  tninsparenf^  cdlourlosSr  Rii-sided  prisma,  which  have  a 
very  add  tAste,  and  redden  litmtis  ptiper  (Liebig  and  Wohler).  The  crystals 
are  monoclinic, exhibiting  thocombinatioQ  +  P  .  —  P  .  oP  .  +  Poo.  -  Poo.[»Pso]. 
liatio  of  principal  axis,  clinodicigonal  and  crthodiogonal  «  1  :  06646  :  0-1783.  Angle 
of  the  inclined  axes  -  81-39'.  Angk  -  P  :  -  P  (elinod.)  =  120°  52';  oP  :  -  Poo 
«  129^18';  -  Poo  :  +  Poo  «  113°  U';  nP :  +  P«  -  117°  42*.  Cleavage  easy 
parallel  to  [  odPco  ].  (Schabus,  Jahresb.  ISol,  p.  470;  1862,  p.  359;  sec  also  v.  Rath. 
ihid,  188l».  p.  326.) 

Pamhiinic  add  Is  easily  soluble  in  wairr^  and  does  not  effloresce  in  the  air.  Whea 
heated  to  100°  it  becomes  reddish;  at  a  stronger  heat  it  m**lts  and  partly  sublimes, 
partly  ducompoees.  giring  oS*hydroc)'anic  add.  Its  aqneous  solution  is  not  ^econinosed 
by  boiling.  When  the  aqueous  solution  is  boiled  with  ammonia  {or  other  alkalisi  it 
takes  up  water  nod  is  tunverted  into  oxaluric  acid,  C*fl*NK)*.  With  anhydrous 
ummonia  parabanic  atnd  appears  to  form  oxaluramide  (p.  277);  and  when  heat^'d  with 
tf»;7infl  it  forms  phenyl-oxahinitnide  :  CH^N-K^'  +  CH'N  -  C»H»N"0».  (Laurent 
and  Gorhardt) 

The  only  known  salt  of  piirabanic  acid  is  the  silvrr-eaH,  C*Ag*NK)",  which  is 
obtained  as  a  white  precipitate  when  aqueous  pambanic  ucid  is  added  to  nitrate  of 
silver  (Liebig  and  Wohler).  The  aqueous  acid  mixwl  with  nitrate  of  silvi-r 
and  a  little  ammonia,  yields  a  prfriipiuite  containing  SC'Ag^HV.H^O,  which  becumw 
anhydrous  between  130°  and  140".     (Strecker.) 

(C'0«)-) 

Meikyl-parabanic  acid,(y'n^^O*     ^       (ror>N«— This   is    the   compound 

H.CH'j 
which  Dessaignea  obtained  by  heating  the  base  C'H"NH>*  (produced  by  the  action 
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of  nitrouR  acid  on  cr^atioice)  vith  hydrochloric  acid.     It  is  probablj  ujot 
the  itction  of  baTyta  on  creatine  at  the  boiling  beat  (il  102). 

(CO*)-) 
Himetkyl'parahanie    acid,    OH<N^0*     »       (COrVN*. —  Thia  oonpooi 

(CH'/i 
•ilr^adj  dpncribcd  on  choif-firophane  {i.  920),  callfHl  abio  niirotkrrrte  by  StenhottK 
ifi  ihe  final  product  of  the  action  of  chlorine  or  nitric  acid  upon  caffnine  (BocbUder^ 
It  miiv  be  produced  directly  from  parabanie  acid  bj  heating  the  dry  ailTer-MboftlMl 
acid  with  icwlidv  of  methyl  Xo  100"  for  twenty -four  hours.  It  cryst«iUiA««  franW 
water  in  laminoe  hnring  a  silvery  lustre.  (Strecker,  Ann.  Ch.  PbArm.  cxriiL  Ul; 
Jahivfib.  1861,  p.  628.) 

Diphenvl-parabanic  acid,  CH'-N'O"     -       (CO )"  >N».— Produced  by  tmt 

(<>H»)»> 
ing  a  boiling  almholic  solution  of  dicyanomelaniline  or  of  inebinoximide  (p.  286)  vitk 
an  aqueous  acid : 

3H'0     +      3HC1       - 


C»»H'>N»     + 

D(<7annmel- 
aiiillne. 

C'*H"N'0»  + 
Mvlanoxlmlda. 


WO 


Ha 


Dtphpnyl- 
paratuuiic  add. 

C'*H"N"0* 


3NH*a; 


NH'CL 


m 


Diphen^vl-p&rahanic  acid  cxyataUises  in  Df«dlee,  is  insoluble  in  wnter,  bat  nsflr  mi 
dble  in  alcohol  and  in  ether.  By  boiling  with  potash  it  is  resolved  into  oarbonie  aod, 
oxalic  acid  and  phenylamine.     (HofmASn,  Proc.  Roy.  Soc  xi.  275.) 

Ctanamide  forms  with  2  at  cyanogen  a  yellow  amorphous  body,  C*H*K*  (  »  yH*(CS) 
T  C'K'),  analogous  to  dicyanomelaniltne,  and  it  might  have  been  expected  that  tka* 
body  when  heatefl  with  aqueous  acids  would  yield  parubanio  acid  by  &  reaccioo  aimilir 
to  tbe  above,  namoly : 

C'H*N«     +     3H'0     +     HCl       -       C'H'N'O*     +      aNH^a ; 

but  the  [roduot  nctimlly  obtained  is  altogether  different.     (Hofmann.) 

PARABBWT.rya or  Parahennl.  (Church.  PhiL Mag.  [4]xiii.416;  xriil  52i>- 
A  hydrocarbon  isomeric  with  beneene(i.  641),  occurring,  together  with  the  latter  ao>i  in 
horaolognea,  in  light  ooal-tar  oiL  When  porifiwi  by  rectiflcAtioo  it  boils  at  97'S^  (be- 
senost  60'4^Kopp)  ;  does  not  solidify  at  —20°  (benzene  solidifies  at  0°)  ;  baa  afoal 
alliaceous  odour,  less  pleuMint  than  that  of  pure  benzene.  Trent^  with  nitric  add  of 
specific  granty  1  b,  it  yields  a  nitro-compoand  which  appears  to  be  identical  with  Ofd** 
nary  nitrobeDZ4>ne ;  and  with  a  mixture  of  strong  nitric  and  sulpbaric  acids,  a  dinitn^ 
oompouDd,  agreeing  in  L*ompoeition  and  propertii-s  with  dinitrobeuzeae.  Treated  witb 
4  voU.  of  fuming  sulphuric  ucid,  it  f'jrma  a  aulpho-acid  isomeric  bat  not  identical  witb 
snlpho-benzolic  mud,  inasmuch  as  itA  barium-mit^  C"H'*Ba*S-0*,  ia  obtained  only  a$  i 
gtunmy  maaa  exhibiting  no  trace  of  crytttalliRatiuD,  insoluble  in  ether,  very  alightlr 
soluble  in  alcohol ;  the  eopper-aaU,  C"H"Cu"S*0*  (at  100°),  is  a  very  soluble,  irsus- 
lucent,  amorphous  bluish  mass;  and  the  free  acid  separated  from  the  salt  by  aalpbuvtled 
hydrogen  crystalliH^s  with  difficulty  in  pri»<ms  which  are  but  slightly  deliqaeMcai ^ 
whereas  the  baritmi-suit  of  ordinary  e*uIpho-benzolic  acid  crystallisea  in  nacreom  lan- 
inte;  the  copper-salt  in  crystals  which  are  less  soluble  in  water  than  the  isomeric  •all, 
and  become  anhydrous  only  at  170°  ;  and  the  free  acid  forma  deliquf*»cent  cryst^ 
The  ammoniumaalt  of  panuiulpho-benzolic  acid  when  aulyected  to  distiUatioD  yieUs 
pambenzene  M^ith  all  the  properties  abore  mentioned. 

PARAB&oaCAX.n>S.     C^KBHO.— A  compound  isomeric  with  bromal  (L  6tf<> 

produced  uy  grjtln^iliy  adding  bromine  to  wood-spirit  contained  in  a  retort,  throDi^a 
hinnel  tube  reaching  to  the  Mtom  of  the  liquid.  Two  layers  of  liquid  then  eoUeetiD 
ihe  rec«*iver,  the  upp*>r  consisting  of  aqueouj^  hydrobromic  acid,  while  the  lower,  whifk 
is  oily,  snliiiifies,  aflrr*  wiihhiiig  with  waUr  and  exptisure  to  the  air,  to  a  innas  of  eolo&^• 
less  cryrttMlt  of  parahromalide,  which,  when  panned  bv  pressure  between  pi^raiid 
recry.irHllis.it ion  from  strong  alcohol,  forms  colourleas  rhombic  prisms  with  fonr-oded 
summits.  It  haa  a  specific  graritv  of  3107.  melts  at  67*^,  begixu  todecompoeeat  ^^ 
with  separation  of  bronune  and  hydrobromic  acid,  and  decompoaea  completely  at  a 
higher  tempruture,  leaving  a  copious  residue  of  charcoal.  It  is  inaoluble  in  wtUf, 
Btjluhlf  tn  fttrong  nfcofuA  and  in  ckloroform.  By  dilute  potaak  it  is  decoxnpoeed,  Uk* 
brumnl,  yielding  lironxiform  and  acetate  of  potassium.  Alcohulic  amnwnia  acta  apoo  it 
SO  a  similar  manner,  but  when  heated  with  it  to  10O-'  in  a  sealed  tube,  girea  rise  to  a 
more  complicatpd  reaction,  the  liquid  corittiiuing,  besides  formate  of  ammonium,  thi 
producti«  of  the  action  of  alcoholic  ammoni.-i  on  bromofonn,  and  a  browm  powder,  prv- 
baldy  impure  cyunhydrin.     (Clocz,  Ann.  Cb.  Pharm.  cxi.  178.) 
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VAAASKOACOIMEAZiEZC  ACXS.     See  Mazjuc  AciD  (iii  768). 

VA&ACACOBTXZC    OXTSE.      See    OxiDB    or    Cacodyi,    under  Aiusmc- 

fcADicLw,  Ohoanio  (i.  407). 

»A&ACATX>UTS1VXL      Soe  ClJPTTKWB  (I  711). 

VABACAMPBO&XC  ACZH.     Sya.  with  lyACTiTK  Caupbokic  Ann  (i.  730). 

PASACASTKAJmir.  This  name  IB  pTen  by  Stein  (R^p.  Clilro.  purr,  v. 
108;  JahmKi*.  \Htyi,  p.  600;  1863,  pp.  561,  £90)  to  a  rf<l  dubftrunre  allied  to  [!&rth- 
amini-,  pruductKl  bv  tho  aotion  uf  e^wliuin-aniiilgiim  on  rutin.  It  io  turned  grefo  br 
alkalJH  iiod  by  neiilnil  acetute  of  lesil,  iIib  tkI  irulour  bring  rustored  by  arids-  Para- 
carthunijn  a[.iprvirn also  to  be  contained  in  the  red  bark  of  dog'WOod  {Cornvs saitffuinf^i.] 
in  the  young  bark  of  c^rtuin  kinds  of  acacia,  in  the  blaukberry,  in  the  red  etorile  shoot.-i 
of  Euphorbia  cyparissitu,  and  in  the  layrr  of  the  villow-8t«in  between  the  pith  and 
the  burk. 

VA&AOX&XiVXOBB*  Frimy  applies  this  name  to  that  niodiflciitiun  of  celluloflf^ 
which  does  not  diasolro  in  an  animoniacul  Bolution  of  euprie  oxide  tiU  it  hna  been  sub- 
jivttni  to  the  aetion  of  arida,  alkalis,  or  other  reagenfa,  restricting  the  t»>rm  epllnlofi  e 
to  that  TBriety  which  is  immediately  soluble  in  that  liquid.  Both  Tanetieff  of  ccUnloee 
are  Rotable  in  boiling  potash-ley.  The  ntricolar  tissue  funning  the  medullarv  rays  rf 
wood  consi>Fts  of  paracellolose.  Fr^my  regards  these  modifications  of  cellulose  as 
eaaentially  diBtinct.  Payen,  on  the  other  hand,  it)  of  opinion  that  there  is  bat  one  kind 
of  cellulose,  cbemiealty  speaking,  and  that  the  differenoes  observed  in  the  reactions  of 
celloloae  from  different  sources  are  due  to  differences  of  aggregation,  or  to  the  presenco 
of  inorganic  substances.  [SeeFr^my,  Compt.  rend,  xlviii,  202,  276.  825.  362.  862; 
xlix,  661  ;  Rip.  Cbim.  pure.  i.  270.  3^7.  433,  602;  J.  Pharm.  [3]  xiri.  6.— Payen, 
Compt.  rend,  xlviii.  319,  328,  772,  893;  R^p.  Chim.  pare,  I  269,  359,  434;  slso 
Jahresb.  1859.  pp.  629,  541.] 

VASACZTOirB.     See  PiKACOin. 

PAJiACai.03tAia3>X.  C"HC1"0«.— A  suUtance  isomprie  with  chloral  (i.  880), 
pruduced  by  tho  action  of  chlorine  on  pure  anhydrotu  wooci-spirit  in  diffused  day-light. 
The  containing  vessel  should  b«  cooled  at  first,  bnt  to  complete  the  reaction  a  gentle 
beat  is  required,  so  that  the  product  may  distil  orer  in  an  alniosphere  of  chlorina. 
The  oily  portion  of  the  distillate  is  theu  to  !«  mixed  with  an  equal  volume  of  strong 
sulphuric  acid,  and  after  24  hours*  contact,  distilled  fromoxido  of  lead  in  an  atmosphere 
of  carbonic  anhydride. 

Paracbloralide  is  a  pnngent'sroplling  liquid  resembling  chloral,  f^pei-ific  gravity 
1*6766  at  14*^.  Botls  at  182*^.  and  ToLatilises  almost  without  residue.  It  is  distio- 
ffnished  from  chloral  by  its  insolubility  in  water,  and  it-o  higher  boiling  point  (chloral 
boils  at  98'6°  Eopp).  With  fixed  alkalis  and  alcoboUc  ammouio,  it  reacts  like 
parabromalidH.     (Cloez,  Ann.  Ch.  Pharm.  cxi,  178;  Jahresb.  1869,  p,  434.) 

PA&ACHIiOXOBSirZOXC  ACZI>.  C'lI'^ClO*.  CA/an><{ra«y/icact<f(Wil brand 

and  Beil stein,  Ann. Ch.  Pharm.  cxxviii.  257;  Beilsteio  andSchlnn,  i/^ti/.  cxxxiiL 
242). — An  acid  isomeric  with  chlorobenxoic  Hcid,  produced,  together  with  hydrochlorate 
of  paraoxybenzamic  acid,  by  the  action  of  hydrochloric  acid  on  azo-paraaxybeuzamto 
Bcia  (p.  362).  It  is  a  crystalline  body,  which  melts  at  236° — 237*  and  sublimes  in 
scale**  resembling  narhthalene,  at  a  itm^iemture  very  near  its  melting  point  formal 
•hlorobenzoic  ucid»  obtiiini'd  from  benzoic  iicid  or  its  deriTaUves,  or  from  hippuric  or 
einnuraic  acid  (coiDpounds  capable  of  Weldine  benzoic  acid),  melts  at  162"'  or  163°,  and 
sublimes  in  needles  ;  chlomsulylic  acid  (called  parachlorobenzoic  acid  at  page  556,  vol 
1),  prwluced  by  the  action  of  pr>ntachlond«  of  pliosphoruK  on  aalieylie  aind,  melta  at 
137'='  and  forms  a  calcium-aialt  containing  2  at.  water  (C'*H'HV0*.2H='0),  whereas  tht» 
calcium-salt  of  the  parachlorobenzoic  acid  just  described  contains  3  at.  water,  lika  that 
of  normal  chlorobenzoic  acid. 

PAJiACrrKxc  acid.    Syn.  with  AcoKmo  Aoid. 

VAJtACO&VlSSXTB.     A  mineral   found  at  Taunton.   Massacbnselts,  i;i  black 

grams,  which  melt  easily  before  the  blowpipe  !o  a  black  glass,  form  a  yellow-brown 
glii«8  with  borax,  and  are  decomposed  by  bulphuric  acid,  with  evolution  of  hydrofluoric 
acid  and  separation  of  a  whit«  powder.  The  mineral  is  said  to  contain  iron  and  uranium, 
but  no  titanium.     (Shephard,  Sill.  Am.  J.  li.  xil  209  ;  Dana's  Afincralo^,  ii,  60l.) 

YAKACTAVZC  ACZO.  This  name  is  applied  to  several  brown  prodoeta,  of 
uncertain  compoBiiion.  resulting  from  the  decomposition  of  cyanogrn  or  some  of  its 
compfinnds,  in  presence  of  water.  They  are  partially  soluble  in  water,  and  when 
htated  give  off"  hydrocyanic  acid  and  ammonia,  leaving  a  mixture  of  ofaarcoal  and 
panuiyanogen. 
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^anogcD,  which  rcmaios  in  smaU  qu&ntitj  vheo  the  latter  ia  preparea  bj  Wttsf 
cvaaide  of  mercury  (U.  27*).  To  o1>ttun  it  purt%  however,  it  ib  necessary  to  lusptdBel^ 
(fry  cyaoido  of  mercury,  since,  if  moiaturc  is  present,  a  certain  qnuntitj  of  ■rnmnBii  ■ 
pnxlut^ed,  and  the  parmcyanogon  ia  coDlaminat«d  with  £re«  carbon. 

When  pura  p&racyanogeo  is  oilcined  io  a  ^na  which  doea  not  act  npon  it,  aodb  as 
nitrogen  or  curbooic  anhydride,  it  is  completely   cooverted   into  cyanogen,   witbott  { 
lejiring  any  earbonaceous  reitidue.     Faraoyunogen  heated  in  a  current  of  colorine,! 
ol!'  a  conudenible  qnantity  of  white  furooa  having  a  snffocatin;;  odour,  whicli  ei 
on  the  oold  parta  of  the  appamtus  in  the  furm  of  a  white  tjublimnte  soluble  in  < 

When  cynnid©  of  siljer  is  gently  healed,  it  melta  without  decomposing; 
raining  the  temperatnre,  cyanugen  is  given  oS,  and  at  a  certain  moment,  the  evulittiQQ 
of  sas  becomes  violent^  and  the  whole  mass  eihibita  incandesce noe.  A  l^t  prj 
retiidne  ia  then  obtnined,  possessing  the  metallic  lustre  and  amounting  to  90  per  ooaLflf  | 
tlir>  original  salt  This  residue  is  not  pure  silver,  inasmuch  as  it  stiU  gires  off  cymo^ 
at  a  higher  temperature^  and  dilute  nitric  acid  extracts  silver  from  it,  learing  a  brova 
atabslonce  Hlili  containing  40  ijer  cent,  of  silrcr. 

According  to  Thaulow  (J.  pr.  Chom.  xxxi.  226),  cyanide  of  cilTer  when  heatnl  | 
gires  off  only  half  its  erani^n  (1  grm.  3aelding  from  48  to  60  cub.  cent,  of  the  gwi.  I 
The  residue  partly  amalgamatee  with  moicnry,  whence  it  appcara  to  be  a  mixtans  of 
metallic  silver  and  paracyanifU  of  nher.   (For  farther  details,  tee  GmeUti^M  Hamdhok^ 
xi.  371.) 

rASJU>XOXTAXETXW.    C°T1"0'.— A  product  of  the  deoompoeitioD  of  digil^| 

losin  by  dilute  sulphuric  itokt  (ii,  330). 

pAaAPiyHospHowiirag-coMyooypB.    See  Phospho&us-ba 


FAJtA-EU;»ACZC  ACZB.     Ryn.  witii  KtnOA^iJJO  AciD. 

PAIL  Amur.  The  rxilonrU'ss.  crj'nMiUine,  fatty  substance  known  by  tbia  nama  t> 
the  solid  portion  of  the  mixture  of  oily  hydrocarbons  produced,  together  with  a  TarMtT 
of  other  substances,  in  the  dry  or  dectractive  distillation  of  various  organic  bodiaii  nd 
of  bituminous  minerals,  at  temperatores  not  exceodiug  n  low  red  hemt  It  also  oenut 
as  a  constituent  of  many  varieties  of  petroleum  or  minentl  oil,  associatad  with  liqaid 
hydrocarbons  siniilnr  to,  if  not  identical  with,  those  contAtned  in  tbo  tar  prudoced 
by  destructive  dintillntian.  Native  paraffin  in  a  solid  state  occunt  also  in  ibe  coal 
neasurea  and  other  bituminona  strata,  constituting  the  minerals  known  aa  fossil-wax, 
hutchettin,  ozocerite,  &c  As  a  product  of  destructire  distillation,  it  was  discorend 
in  1S30  by  Roichenbach,  whoubtain^d  it  first  from  wood-t^ir;  then  from  aainal 
tiir.  and  lastly  from  coat-tar  made  by  distillation  at  a  temperature  below  fiiU  red  best 
As  a  conjttitueDt  of  petroleum  it  was  discovered  about  the  same  time  by  Ch  ristisoa, 
who  oblAiiif  d  it  irt^m  Rangoon  petroleum,  and  described  it  under  the  name  of  pftrvtint, 
Ettling  also  obtuinfd  it  by  di»tilling  wax  with  lime,  and  in  1833  I>aurent  obtained 
it,  together  with  liquid  hydrocarbons,  by  diKtilling  bituminous  shale  at  a  t^mpermhire 
not  oxceodine  a  low  re<l  heut.  It  has  sioiw  been  extracted  abnndanlly  both  from  tba 
tar  obtained  by  distilling  coal,  bituminous  shale,  lignite,  and  peat,  at  a  modeittla 
as  well  as  fh)m  many  varieties  of  petrolirum  or  mineral  oil,  and  its  preparatioB 
forms  a  part  of  one  of  the  mout  extensive  and  important  branches  of  man^ 
industry. 

The  substance  known  as  paraffin  does  not  possesa  any  chemical  indiriduality.  bat  is 
more  probably  a  mixture  of  seveml  hydrocarbons,  jost  in  the  same  manner  that  the 
liquid  oil  generally  nssociated  with  parafRn  in  petroleum,  and  always  produced  togvthtr 
with  it.  in  de>ttrucLire  diHtillutiuu  below  full  red  heut,  is  a  mixture  of  aeverel  bomo- 
logoua  hydrocarbons.     (See  Fetrolbitii.) 

The  parsiHn  of  commerce,  when  pure,  is  a  solid,  colourless,  tranRloeont  mibstaaeSh 
perfectly  inodorous  and  tut-telesc,  somewhat  resembling  spermaceti.  It  has  a  density 
of  about  0870;  melts  at  from  46®  to  66^  C,  forming  a  colourless  oil,  which  soliditlM 
to  a  lamino-crystallioe  muss.  It  boils  about  370°,  and,  when  cautiously  heated,  vola- 
tilises without  much  decomposition.  It  does  not  8lw)rb  oxygen  ^m  the  air  at  ordinary 
temperatures,  does  not  burn  easily  in  the  moss,  but  &om  a  wick  it  bnms  with  a  very 
brigtit  flame.  It  is  insoluble  in  water,  soluble  in  285  pt«.  of  boiling  aicokol^  but 
separates  completely  on  cooling  in  snuw-white  needles,  which  are  soft,  friable,  and 
greasy  to  tbo  touch.  It  is  much  more  soluble  in  rthtr  and  in  oih.  It  la  bnt  aluwly 
attacked  by  strong  tu/.phnric  aad  even  at  Iemf*mture8  above  100°,  not  at  all  by  diltrte 
mtric  acid ;  but,  when  heated  for  some  time  with  strong  nitric  acid,  it  ia  atated  tu 
yield  succinic  acid  together  with  a  small  quantity  of  butyric  acid.  CMnriru  doea  sot 
act  upon  it  at  ordinary  temperaturee,  but,  acconuiig  to  Bolley  (Ann.  Ch.  Pharm.  eri. 
230),  chlorioe  pBKsed  into  melted  paraffin  attacks  it  slowly,  forming  a  hard  but  nuily 
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ftmble  snbvtitution* product,  which  he  calls  chloraffin.     Altogether  paraffin  is  a  very 
•tahle  and  indifferent  substance :  hence  its  name  (from  paritm  affinf's). 

The  prodaetioD  of, paraffin  and  of  the  liquid  hydrocarbons —known  by  the  names  of 
ettpionff  phopiffm,  paraffin  oH^  &c, — which  accompany  it  in  the  tar  or  oily  product  of 
deMtructire  distillation,  was  showu  by  Reichenbaeb  to  bn  a  constant  result  of  carbon- 
iBarion,  or  the  decompodine  action  of  heat  upon  all  organic  substances  and  minerals  of 
organic  origin,  such  as  coal.  &c  (Joum.  f.  Ch.  Pliys.  U.  280).  He  alr*o  showed  that, 
in  order  to  obtain  tho  lai^eet  possible  amount  of  these  products  from  any  particular 
material,  the  most  essential  condition  was  the  limitation  of  the  temperature  within 
•Qch  a  degrra  that  the  rapour  of  the  products  resulting  from  carbonisation  should  not 
anffer  further  decomposition  of  such  a  nature  as  to  give  rise  to  the  production  of  a 
Luge  amount  of  permanent  gas,  naphthalene,  soot,  &c.  (Joum.  f.  Ch.  rhys.  Ixi.  182). 
The  extreme  limit  of  temperature  to  be  applied  in  the  destructive  distillation  of  coal, 
Ac.  for  the  purpt^e  of  obtaining  paraffin  and  the  oily  products  allied  to  it,  was  ascer- 
tained by  him  to  be  incipient  redness,  or  a  low  red  heat,  beyond  which  temperature  he 
ahowpd  that  a  secondary  decomposition  of  those  products  of  true  carbonisation  took 
place  {ihid*  Ixiii.  229).  Consequently  he  pointed  out  that  the  precautions  to  be  observed 
in  fxmducting  destructive  distillation,  with  the  object  of  producing  paraffin  and  those 
oils,  conaistea  in  raising  the  heat  gradually,  and  never  allowing  the  sides  of  the  retozt 
to  attain  a  red  heat  {ibid.  Ixi.  178,  Ixviil  229). 

The  amount  of  paraffin  contained  in  the  tar  produced  by  destructive  distillation 
below  a  full  red  heat,  is  always  veiy  small  in  proportion  to  the  liquid  hydroearbona 
mixed  with  it.  These  latter  often  constitute  from  70  to  80  per  cent  of  the  crude  tar 
liy  weight,  while  the  paraffin  rarely  amounts  to  6  per  cent,  and  more  frequently  to  only 
1  or  2  per  cent,  according  to  the  material  distilled.  This  crude  tar  also  contains  a 
pitchy  oil  heavier  than  water,  together  with  carbolic  acid  and  its  homologues,  picoline, 
and  other  basic  oils,  &c.  The  amounts  of  these  several  constituents,  and  of  hydro- 
carbons contained  in  such  tar,  vary  very  considerably  according  to  the  material  from 
irtlich  it  is  obtained,  and  determine  its  value  for  the  purpose  of  the  refiner.  The 
physical  characters  of  such  tar  also  diflfcr,  according  to  the  proportions  of  these  con- 
•titaents;  sometimes  it  is  quite  solid— peat-tar — more  generally  it  is  liquid  at  the 
ordinary  temperature,  or  at  most  thick — shale-tar,  coal-tar.  Its  specific  giuvity  varies 
finm  upwards  of  0-900  to  0*840. 

The  tar  thus  obtained  from  shale  or  coal  differs  essentially  in  every  respect  &om  the 
tar  obtained  in  the  ordinary  process  of  gas  making,  in  which  the  coal  is  subjected  to  a 
briffht  red  heat,  though  some  kinds  of  tar  from  gas-works,  in  which  the  richer  cannel 
couB  are  used,  not  unfrequently  contain  paraffin  and  probably  some  paraffin  oil.  which 
hare  escaped  decomposition  by  reason  of  the  abundance  of  volatile  pnxlucts  given  oft 
In  anch  tar.  however,  those  substances  are  always  mixed  with  naphthal*-ne,  homologues 
of  benzol,  pitch,  &c.,  so  that  they  cannot  be  conveniently  separated  from  these  latter  and 
purified.    (See  Tab.) 

The  composition  of  paraffin  from  several  sources  is  shown  in  the  following  table:  a. 
From  Boghead  coal ;  melting  at  45*5*',  and  solidifying  after  fusion  in  a  crystalline 
maca. — b.  From  the  same ;  melting  at  52*^,  solidifying  in  a  granular  mass. — c.  From 
Bangoon  tar;  melting  at  61°. — d.  From  peat;  meUmgat46'7°. — e.  From  Chinese  wax, 
ceroUne  (I  836) ;  melting  at  57°  or  58^.—/.  From  beeswaac,  mdens  (iii  868);  melting 
at  620. 

Andenon.*  Brodle.f 


Oubon  851         850  to  85-3      851 6      84-95     86-23       84  60     85-20      85'31 

Hydrogen  151  to  153        15-4  15-29       1505     1516       14*39     14*23       14-44 

Paraffin  has  been  usually  regarded  as  an  olefine  or  mixture  of  olefines  of  high  atonn'c 
weight;  but  the  formula  of  these  bodies  C»H*  requires  85*71  per  cent,  ciirbou,  which  is 
considerably  abore  that  in  most  of  the  preceding  analyses.  The  analytical  results  are 
in  fiict  more  nearly  represented  by  the  formula  of  one  of  the  higher  homologue**  of 
matah-gas,  C"H**,  for  example,  requiring  85-2  per  cent,  carbon,  which  agrees  exactly 
with  the  second  of  Brodie's  analyses  of  cerotene  or  Cliinese  wax  paraffin,  and  C*!!*" 
requiring  85*3  per  cent,  carbon,  wluch  agrees  with  the  analysiu  of  melene  or  the  paraffin  of 
common  bees- wax.  Hence  it  is  more  probable  that  paraffin  is  ahomologue  or  mixture 
of  aereral  homologues  of  marsh-gas  of  high  atomic  weight  This  view  of  its  couHtitution 
if  also  in  accordance  with  its  chemical  indifference,  the  alcoholic  hydrides  C*H^** 
being  especially  characterised  by  the  feebleness  of  their  combining  tendt-ncies.  Thfue 
hydrides  when  treated  with  chlorine  ilo  not  unite  with  it  like  the  olefiuea,  but  yield 

•  Rpp.  Brit.  AMnc.  1A46.    Notice*  and  AUtnct<.p.  49;  Jahreib.  I8A7.  p.  480. 
t  FblL  Mag.  C3]  xzxUi.  I7S. 
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nibsUtutioD-prodactB,  which  U  likewioe  tbe  cusc  with  the  pamffixi  examined  I7  BuQcj 
{vid.  sup.)  and  with  Brodie'a  cerol^np  and  mclene.  Moreover,  puraffin  appna  tot« 
^  clowly  Touted  to  the  hvdrocarhons  CH*"^'  in  iTk  mode  of  foimution ;  it  la  ■naeiihij 
with  those  bodies  in  petroltjUin,  eapecially  in  that  of  Penney iTaaia,  whieb  hat  Wg 
ahown  to  cootain  the  whole  seriea  from  inur8h<^u  up  to  solid  hydrooLrbons  (panifiBi) 
of  verj  high  atomic  weight  (iii.  181) ;  and  in  the  decompoBitibn  of  coal,  Sec,  tUeoDD' 
dition  most  favourable  to  the  production  of  paraffin,  namely,  distillatioa  at  a  euttifan- 
tivelj  low  temperature^  is  likewise  that  which  yields  the  hydrides  of  ethyl,  arorl,  &^ 
in  largest  quantity.  For  all  tbeie  reiuona  it  is  most  probable  that  paraffin  i*ta 
ulcoholic  hydrido  or  a  mixture  of  seiTenl  alcoholic  hydrides  of  the  m&rab-gaa  meaa 

Paraflin  »  suscf^pUHe  of  soreral  useful  applicatioua.  Ab  it  bums  with  a  tn^ 
flume,  and  is  very  hanl  when  it«  melting  point  is  above  45'°  C.  it  makes  execflat 
candles.  It  is  sUo  largely  mted  as  a  Buh<rtitute  for  sulphur  for  dipping  roatclM^  sad 
Dr.  Stenhoase  hits  patented  its applicntion  to  woollen  cloths  to  iucreaae  their atreogtb 
and  make  them  waterproof.f  More  extensive  however  are  the  oaea  of  the  otU  prodoeid 
BirauluneouHly  with  tM>lid  pariiffin  by  the  distillation  of  coal,  &c.,  at  low  t«mperaniR^ 
and  exiKting  with  it  in  peLroloam.  These  oil<t.  doubtless  consisting  in  ereat  put  ti 
memben  of  the  punifGn  or  marsh-gas  series,  differ  greatly  in  density  and  boiling  poiat, 
as  met  with  in  curamerce  under  th«  names  of  eupione,  photogen^  paraffin  oil,  tMar  oil, 
&C. ;  some  of  them  bold  paraffin  in  solation  und  deposit  it  st  low  t-empenitTires.  Thrj 
are  extensively  used  for  burning  in  lamps,  and  to  some  extent  for  labricataag 
machinery. 

The  more  volatile  of  tbrae  oils  having  a  density  of  0-BOO  to  0*830  arr  pe«u]iaTly  wH 
adapted  for  artiflinol  iiluminaticn,  as  they  consist  of  hydrocarbons  free  ^m  oxygca, 
ana  therefore  produce  flume  rich  in  Incandescent  carbon.  Hcnco  with  a  pn^witj 
regulated  stipply  of  air,  these  oils  produce  a  more  brilliant  light  than  that  obtAin«d  t^ 
the  consumption  of  an  equal  smonnt  of  animal  or  v^tal  oils  which  generally  eoatiuB 
a  coDsideraole  amount  of  oxygen. 

The  least  volutile  of  these  oils  which  hare  a  denmty  ibovc  0860  would  be  safrr  thn 
many  of  the  fst  oils  in  use  for  lubricating,  inu.smueh  as  they  do  not  ahaorb  oxygen,  and 
consequently  cannot  undergo  spontaneous  combustiun  whon  Hniearod  on  cv>tt(>n  wii5t«; 
but  unfortunately  these  oils  generally  possess  but  little  body,  and  are  therefore  farlen 
efficient  lubricants  than  fat  oils,  so  that  they  can  only  be  used  wheu  mixed  v  itb  the 
latter.  In  this  way  however  thoy  are  very  serrieeable  in  rendering  fat  oile,  like  ntm 
and  cotton-seed  oils,  which  become  gummj  by  exposure  to  air,  more  suitable  fcr 
use  \ss  lubricants  than  they  would  be  alone.  The  presence  of  paraffin  diaaolved  ia 
these  hydrocarbon  oils  has  been  erroneously  stated  to  render  them  good  lubricants ;  bat 
that  is  not  the  cose,  in  fact  the  presence  of  puniffin  is  rather  a  disadvantage  than  other- 
wise, since  the  oils  cuntaiuitig  it  are  liable  to  solidify  on  the  journals  of  machinezy  at 
temperatures  httie  below  60°  F. 

Prepcraiion  of  paraffin. 

1.  From  wood-tar, — Reiclienbach  extni':ted  paraffin  from  wood-tar  by  distilling  H 
and  eollectiog  apart  the  denser  portion  of  the  oil  which  passed  over  towards  the  end  01 
the  operation,  redistilling  this  and  colleeting  the  distillate  in  separate  frurtioua.  On 
cooling  the  leai^t  volatile  portion  of  this  distilhite,  piiraffin  crvstallised  out  in  ecaha 
which  could  be  separated  by  filtratioa  and  freed  from  adhering  oil  by  preanire 
between  folds  of  unsized  paper.  Or  this  portion  of  the  distillate  was  shaken  with  ke 
or  eight  times  ita  bulk  of  alcohol  (36°  Beaume,  85  per  cent.)  whereby  the  liquid  oU 
was  dissolved  and  a  thick  miuis  uf  paraffin  srules  precipitated,  which  were  collected  OD 
R  filter-cloth,  washed  with  alcohol  until  almost  colourless,  and  then  crystallised  from 
solution  in  boiling  alcohol,     (Journ.  f  Ch.  Phys.  lix.  437.) 

2.  From  coal-tar^  in  the  production  of  which  the  neressaty  precautions  as  to 
temrersture  and  gradual  heating  had  been  observed,  Keichenbuch  extracted  paxyffio 
by  nistilling  the  crude  coal-tar,  and  collectine  the  thick  oil  constituting  the  aeeood 
hn)f  of  the  distillate,  apart  from  the  more  volatile  thin  liquid  oil  forming  the  first  half 
of  the  dintillate.  By  exposing  this  least  volatile  portion  of  thf«  coal-tar  oil  to  a  winter 
temperature,  paraffin  crystuUised  out  in  lamtnie.  and  after  separating  a  further  portion 
of  oil  by  another  fmrtional  dintillatinn,  aiilid  paraffin  wns  obtain(*d  by  treating  the  thick 
honev-like  portion  distilling  over  last  with  alcohol  no  above  described.  To  purify  this 
parafen  it  was  agitated  for  a  time  with  about  twice  ita  bulk  of  concentrated  sulphttric 
acid  at  from  90°  to  1 00°  C^  after  which  the  paraffin  separated  on  the  surface  aa  a  colour 

•  Th*-  word  **  piriffin  "  mlgtit  tw  cooTrnlpntty  nf n!  m  a  ifeneric  name  for  thf  hydrocurboni  oftkli 
•crin,  iniir»U([as  being  tAlled  mttk^Ue  pcrt^n  •  bjdrlde  «r  rthjl,  ffJtyiic  parnffim  ;  Brodle't  CtTOtMt, 
ttrotic  pmiMn,  he. 

t  Speciiouktiu.  tSAS,  Vot,  ii  and  UQ. 
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I  ^e«i  liqtiid  whifh  iwlidifiM  on  cooling.     Thi«,  after  erjstaUisation  from  aleohol,  waa 

coruidcred  bj  R^icheDbach  to  b«  purr  paraffin,  m  fur  s»  the  stato  of  ehemistrjr  At  that 

[  time  p**nnimd  him  to  jndge  (Joum.  f.  Ch.  Phya.  Ixi.  274-277,  279).     A  mopo  easy 

[  method  of  exfmoting  paminn  r^commendt^  by  Roicheohuch  oooflisted  in  wparuting 

f  the  liquid  oil  and  concputmtiog  the  pamffin  aa  fnr  aa  possible  hy  rcpoattnl  fmotionul 

I  distiUatiuD,  tbeu  ebaktug  the  semi-solid  mixture  of  oil  uod  paraffin  with  from  unc  fourth 

t  to  one  half  ita  bulk  of  cuncentrated  sulphuric  acid,  added  in  !iaoceiisire  small  portions, 

atid  dige>Hting  thiif  mixture  at  SO^  C  until  paraffiu  separated  on  tiio  sor^ce,  or  eliiti  dia- 

tilling  it.     (Joum.  f.  Ch.  Pbva,  Ixi.  2S3-287.) 

ManufaeCuff  of  Parafin  Oil  and  Paraffin, — Although  the  application  of  oily  pro- 
ducts of  destruclire  distillation  for  lighting,  lubn<^atiog  and  oluifr  purpoAPn  had  hiyea 
att^^mpted  and  to  some  extent  practisod  long  before  the  disoorery  uf  paraffin  and 
Reiohenbach's  elucidation  of  the  condirions  essential  fur  the  production  of  th«se 
flubstnnci.'s,  still  it  was  not  luitil  aft^-rthis  period  that  their  manufacture  was  prosecuted 
with  any  kind  of  scientific  baais.  Very  j*oon  after  that,  however,  Attempts  were  mado 
to  intixfdun  these  products  into  commerce,  and  to  apply  them  to  the  purposes  for  which 
they  were  ao  evidently  suitmL  The  chief  desideratum  was  a  mat^'rial  which  was  cap- 
able of  yielding  a  sufficient  amount  of  oil,  &c^  to  be  workml  remuneratively.  Th« 
materials  which  have  chiefly  bct^n  employed  or  tried  for  this  purpose  are  the  following. 

1.  BUmrdnoHs shalr. — The  flrfitsf'p  in  theinduatrialapplicntiooof  Reiohenbach'a 
results  was  made  in  1830  by  Aug.  Laur**nt,  who  «ugge»ted  the  working  of  the  bitu- 
xninoua  shale  in  the  AaLun  cuul-nieaHori's  as  a  source  uf  paraffiu  and  oil  for  burning 
in  lamps.  This  exhale  yielded,  when  gnuIuHlIy  heated  to  a  low  red  heut,  about  twenty 
or  twenty-five  gallons  of  tur  or  crude  paniffiu  oil  per  ton,  containing  a  small  amount  of 
solid  paniffin.  By  fractional  distilliition  the  tar  was  sepArable  into  light  burning  oil, 
thick  oil  for  lubricating,  puraffin  and  pitchy  residuum^  and  tlicM  several  products  were 
purified  by  successive  treatment  with  sulphuric  acid  and  CHUstic  soda.  Several  works 
were  eatabHshed  in  that  district,  aud  at  thu  Paris  Industrial  Exhibition  iu  1839.  tha 
products  manufactured  there  by  Seltigue  were  shown,  viz.:  1.  Crude  oil  or  slinle-tur. 
2.  Volatile  spirit  3.  Oil  for  burning  in  lamps.  4.  Grease  for  machinery.  6.  Tar- 
eresM.  €.  i'amffiu  cr)'i»tallised«  and  paraffin  candles.  This  manufacture,  though  it 
£as  been  continued  mora  or  leas  up  to  the  present  time,  did  not  attain  any  grrnt  im- 
portance, partly  from  the  want  of  efficient  metho<U  of  purifying  the  oil,  and  of  Kuitiibla 
lamps  for  burning  it,  partly  also  from  the  remote  situation  of  Autun,  and  thesm;ill 
amount  of  oil  which  the  shale  was  capable  of  yielding.  Since  then  bituminous  hhale 
haa  been  worked  ut  other  places,  as  for  instance  at  Warehum  in  Doreotsliiro ;  but  tha 
email  amouut  of  produce  hiis  always  been  an  obstacle,  espeeially  while  richer  materials, 
to  be  mentioned  presently,  wer«  worked  under  special  advantages,  and  while  the  copious 
supply  of  petroleum  from  America  continued.  But  now  that  these  cunditious  ar« 
cbangedf  bituminous  shale  yielding  about  the  Kume  average  produce  as  the  Autuii  bhale 
is  baing  worked  with  cunsiderable  advantage  in  Scotland. 

2.  PetroUujii,  which  generally  contains  paraffin-oil  and  paraffin  ready  formed  as  eon- 
atituentaofit,  was  the  first  muterial  which  was  successfully  worked  for  the  manufacture  of 
hydrocarbon  oil,  chiefly  for  lubrienting  and  to  some  extent  for  burning.  About  the  year 
1847.  Mr.  James  Young,  then  of  Mbnchester,  obtaine*!  the  riirht  of  working  a  spring  of 
dense  pttruleum  (fipecific  gravity  OOOO)  which  had  bem  discovered  in  a  Derbytthira 
eoal  mine,  and  he  succeeded  in  reudfring  it  availiible  during  a  period  of  two  or  threa 
years.  In  1864  a  patent  (No.  2,719)  was  granted  to  Mr.  VParren  Ue  La  Rue  for 
the  manufacture  of  paraffin  and  other  hydrocarbons  from  petroleum.  The  mw  ma- 
terial which  he  used  was  the  Kangoon  tar  already  described  (p.  3).  This  tiubstance  ij» 
submitted  Co  a  current  of  stcum  in  a  capacious  still  which  can  also  be  heated  rxternalty. 
The  more  volatile  portion  then  distils  over,  and  is  afterwards  sepiiruted  by  rei'tification 
ID  a  similar  apparatus  into  rroducta  difFering  in  volatility.  The  last  portions  of  the 
residue  aro  then  raised  to  a  higher  point,  while  superheated  sti'um  is  passod  through  iU 
The  Uflt  portions  of  this  second  diHtillate  are  very  rich  in  paraffiu,  which  is  separated 
as  faras  pofuaibie  by  cooling  und  filtration.  It  is  then  subraittcd  to  pressure,  and  is 
finally  purified  by  admixture  with  sulphuric  iicid  at  100°  C,  wiuthiiig  with  soda-ley,  and 
diBttlktion.  The  bciivy  oil;*  separated  from  the  paniffin  ar*^  siiid  to  be  well  adapted 
for  lubrication.  The  proportion  of  the  several  pro<iuct3  ubiuinable  in  this  manner 
from  Bangoon  tar  has  been  already  given  under  Ni.pbtha{p*  3).  This  Rangoon  petro- 
leum waa  largely  worked  until  about  the  year  1860,  when  euormouaqnantities  of  petro- 
leum began  to  be  imported  from  America,  and  for  a  time  almost  superseded  every  other 
source  oif  supply  (see  Pf.tkoleum).     These  supplies  are  now  rapidly  decrptwing. 

■4.  Peai. — About  1849  an  attempt  was  made  oa  a  large  scalo  in  Irtland  to  obtain 
paraffin-oil  and  paraffin  by  the  distillalion  of  peat,  bat  the  yield  rf  omdeoil,  not  more 
than  two  gallons  per  ton,  was  too  small  to  be  remunerative.  Certain  kinds  of  peat  hava 
however  been  worked  successfully  on  the  Continent  and  in  tht  Hebrides.     At  the  latter 
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place  as  much  u  &Te  to  ten  gallons  uf  rHined  oili  and  paraffin  wrre  obt«in«d 
ton  of  peat  A  Brrtoua  obstacle  to  the  working  of  tail  mAterial  U  tha  at 
mgre^able  smell  of  tlie  oil  obtained. 

4.  LigniU. — This  material  hft*  been  largely  used  on  the  Continent  for  th* 
hire  of  paraffin-oil  and  pitmffiH.     About  the  year  1860  wopkrt  were  estublishad  al  Bod 

SipoaileBoDDOu  llieRhine»»nii  at  Weionenfe l»(p.  344).  The  prifoeasiefulljr  ilesmMil 
ofmann's  Kfport  on  Cbomical  Products  and  l^cesMsin  the  Int^matiozuU  EshitiitMa 
of  1 862.  Tlie  producU  obtained  in  the  final  rwHifiration  are:  a.  Volatile  oil*  calMpk. 
togeii,  and  ttolar  oi  la  Uffd  for  illuminaiing;  h.  Paraffin;  e.  Arolatile  spirit  called  bcud:' 
d.  Phenol  or  Carbolic  acid  obtained  aa  u  bye-pn^dncl  by  treatiug  the  uila  with  a«Cfl 
soda  in  their  purification,  and  neuirulisiug  the  alkaline  liquor  rith  anlphiiric  add. 

The  liquid  called  "photogfn"  is  a  volatile  oil,  which,  in  properly  coustrticted  Uape. 
gives  a  light  equal  to  that  of  gaa,  and  buroa  Terr  ecooomiollly.  Th#i  firvt  qoab'tT  ha 
tt  specific  gravity  of  0  786  to  0*79(>,  and  is  as  clear  as  wat«r.  The  second  qualrtTu 
rather  yellow,  and  baa  a  specific  gravity  of  0*80fi.  The  third  qoality,  called  "  soUr  tiC 
is  ycUow,  has  a  specific  gravity  of  0  835,  and  is  used  for  the  illumination  of  non^ 
streets,  railway  carriag<<tf,  and  locomotives. 

The  puriflcfltion  of  the  erode  poruffin,  ttepnrated  by  rvfrigemtion  from  fbe  jauaffiii 
oil,  is  eoainioni:c<l  by  pliiinng  it  in  centrifugal  mocbiucs,  by  which  a  further  qaaatity  oi 
thick  oil  is  expelled.  Thn  uiaas  thus  obtaiuftd  is  then  cast  into  rakes,  and  submittal 
to  hydraulic  pressure,  first  in  the  cold,  ailerwnrds  with  appUeutiou  of  a  gentle  b«aL 
The  object  of  ihis  last  operation  is  to  rcmuve  all  hydrocarbons  baring  a  lower  melliftg 
point  than  40^  G.  (104°  F. ).  Fur  this  purpose  there  are  piari^d  on  the  borbooUl 
praues  betveen  each  pair  of  purufiin  cakes,  boUow  plates  through  which  watei  of  )i^ 
— 40**  C.  (96° — 104"  F.),  id  mndp  to  flow.  In  this  way  the  hydrocarbona  in  qaestiev 
are  fWed  and  squeexedout.  The  pressed  paraffin  is  then  heated  to  150°  C.  (302"  F.t, 
either  over  a  fire  or  by  means  of  steain,  and  the  melted  mass  is  mixed  with  3  percisl, 
of  strong  sulphuric  odd.  by  means  uf  which  all  the  hydrocarbons,  not  b«ing  pnztfia, 
are  carbonised,  while  the  pure  paraffin  remains  unaltered.  The  latter  \»  th«n  csuvfoUf 
waihed  with  hot  water,  and  mixed  ufi«-r  cuoling  with  the  best  coloorWa  pbotogm,  no 
introduced  into  iron  jacket^cylinders,  in  which  it  can  be  kept  warm,  and  worn  it  ii 
filtered  throQgh  animal  charcniU.  The  paraffin  is  thus  rendere<l  white,  and  may  U 
completely  separuted  from  photogen  by  treatment  with  slightly  anperbtaatrd  cteua. 
The  paraffin  thus  obtained  ia  perfm;tly  colourless,  and  beau rifally  translnc^ot ;  it  aetlJ 
at  60^  0.  (140°  F.),  and  is  so  hard  that  candles  made  of  it  are  said  not  to  bond  wImi 
exposed  to  a  temperature  of  30°  C.  (86'^  F.). 

6.  Coal, — The  coal  from  which  Re  ic  hen  bach  obtained  paraffin  oil  sndpnzaffiD  vis 
the  kind  commonly  U5f^d  as  fuel  and  capable  of  yielding  only  a  omall  amount  of  tar  t^  ^ 
distillation  at  a  low  red  b»^t>  probably  not  more  than  ten  gallons  from  thp  ton.  Fur  thai  B 
reason  alone  it  would  hare  been  imposeibl*^  to  employ  ouch  a  muterial  as  a  sonmef  ■ 
these  prodncts,  especially  at  that  time.  Varieties  of  coal  and  similar  mineral*  lure 
however  bw'n  disroverwl  ninrf*  Tbrti,  some  of  which  are  cafftble  of  yielding  as  nachas 
100  gallons  of  crude  tiir  per  Mn.  A  mineral  of  ihia  kind,  somewhat  approxinuitingtocoaL 
or  rather  intermediate  between  bimminous  shale  and  what  was  commonly  known  as  «>al, 
occurs  near  Bathgate  in  Scotland,  and  was  being  introduced  for  gas*makiiig  under  tbe 
name  of  Boghead  gas  coal  or  Ccinuel  coal,  just  about  the  time  when  the  stoppage  t4 
the  petroleum  spring  above  mentioned  compf  Ilrd  Mr.  Young  to  seek  anotbex  aoiuw  uf 
supply  for  the  manufacture  of  InbrirAtin^  and  (mrning  oil.  After  baring  made  lUBj 
trialfl  of  different  kinds  of  co:i1  which  did  not  yield  by  distillntinn  a  sufficient  anottoC 
of  oily  products  to  be  worked  adTantapeoualy,  or  a  tar  of  such  a  charuct^r  as  is  saitable 
for  this  purpose,  Mr.  Young  fortunately  Ifpcame  acquainted  with  the  Boghead  or  ToT' 
banehill  mineml  in  1860,  and  findiup  it  to  yield  liy  distillation  an  unnMjally  Inrv« 
amount  of  paruffin-r^I,  he  at  once  obtjiincd  a  patent  (Ko.  13, '292)  for  a  method  uf  ''tnat* 
ittg  bituminous  rotil.s  to  obtain  ^loniffin  and  oil  containing  paraffin  tbervfrom,"  wtjrb 
confiidted  in  diMillinp  them  in  an  iron  retort  "grndually  heated  up  to  a  low  red  hf^l," 
and  kept  at  that  i*?mpcmture  until  volatile  products  censed  to  come  ofT  Und^'r  Ilis 
protection  of  thi>4  patent  he  has  fince  devplo(>cd  this  mtinufaeture  into  a  highly  impor> 
tant  branch  of  industry.  Owing  to  the  exceptional  rii'lincMs  of  the  Boghead  niintrriJ  u 
a  source  of  paraffin  oil.  it  was  for  a  long  time  impossible  to  compete  with  it  by  wurkine 
bituminous  shale  yi(>lding  only  about  twenty  gallons  of  crude  tur  p^^  ton,  ulthoitgh  tjiitt 
material  was  not  comprised  under  the  putent,  and  up  to  the  year  I8G0  no  other  m«- 
teruU  was  known  which  cntild  be  u»cd  fot  this  purpose  with  the  same  advantage  as  tha 
Boghead  mineral.  Consequently  it  was  the  only  material  used  until  the  Le««wo(d 
cannel  was  discovered  near  Hold  in  Flintshire,  a  true  cannel  coal  which  yields  nearly 

*  Th«  litjuid  known  In  thli  name  li  not  the  t>eniol  obuined  from  inkUr  naptttha.  bat  %  mixture  oTUm 
tcwer  hydride*  hoinuloguiu  with  mar»h-KM  or  itjat  portion  nfthrcill  wblrh  U  toe  volatile  for  buminf  in 
Ismpa  with  aafrty. 
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iS  TTinch  oil  oa  the  Boghead  minoral,  and  whirh  bu  since  been  largelj  worked  for  the 
pTuducEion  uf  paniffin  uil  aud  paraffin. 

In  dm  mjinufiieture  of  thp-w  prmluctfl  by  The  diBtilijition  of  oo&l,  Ac.  it  lb  votj  im- 
poit&nt,  for  tiio  readon«  abore  stated,  to  prereot  tbo  heat  from  nsiog  abuve  low  redDeeSr 
•iDC«  at  aigh«r  t«inpertitures  a  coniiidenible  portiouof  the  liquid  pnxiucte  are  coarfrtud 
into  permaneut  (^ks. 

The  following  i»  a  list  of  the  priaeipal  memoin  relating  to  p*wt<Bn  and  allied 
mattera,  arnuignd  chronologically : — 

1830.     Roichoabach. — Preparation  of  paraffin  by  the  dry  diatillation  of  wood;  iti 

pmfiertieB.     Schw.  J.  lix.  436  ;  Izi.  273;  Ijtit.  129. 
1832.     Ettling. — Formation  of  paraffin  by  the  di7  distillation  of  wax.     Ann.  CM, 

Phann,  ii.  253. 
1885*    LaurcDt — Occurrence  of  paraffin    in   the   prodacta  of  the   diKtiUation   of 

biluminouB  shale.     Ann.  Ck.  Fhartn.  xw.  273, 

1848.  ISfiO.     Hrodie. — Paraffin  from  heeawax  and  Chinesa  wax.     Ann,  0L  Pharm. 

Ixrii.  210;  Ixxvi.  166. 

1849.  Eeece.— Preparation  of  paraffin  by  the  dry  diatillation  of  peat.     TTm^J,  July  28, 

1849  ;  JHngLpol.  J.  cxiii.  237.  317. 

1850.  James   Young. — Specification  of  patent  fur  treating  bituminous  coals,    to 

obtain  paraffin  aud  oil  contuiuLug  [mraffin  tlierMfrum  (No.  13^292). 

1851.  Kane,  SttlliTan  and  Gages. — Thunuturc  and  productji  of  the  process  of  the 

destmrliTe  distiltalion  of  peat.      Maseum  of  Irish   luduitry;    Report  to 
Cku^  CommUsiirner  of  lVcn»d4, 

1852.  Reichenbach. — Purification  of  crude  paraffin  b^-  distillntion  with  sulphuric 

Bcid.     JiiArbiwh  d.  k.  k.  ffeoloo.  RdehsanstaU,  iii.  No.  2,  p.  36. 

1853.  W.Brown. — Preparation  of  volatile  productfl,  especially  paraffin,  from  coals 

and  bituuiiuoue  sulMtanceB.     Chem,  Gat.  1853,  p.  476. 

1854.  Warren   De  La    Rue. — Spocification  of  putent   fur  the  mnDufacture  of 

parafHn  and  liyilnx'iirlious  {rxixn  petroleum  (No.  2,719). 

1855.  Wagcnniann. — Manufacture  of  paruffiu  and  Tolatiie  nydrocarboDB  from  coal 

and  bituniiuous  shale.     Ding!,  pol.  J.  oxxxdi.  30. 
1855.    Angerstein. — PreptUTitiun  of  similar  products  from  inferior  kinds  of  lignite 

or  peiiL     Dingl.  pol.  J.  cxxxrii.  49. 
1855.     Fresenius. — Kxaminatiou   of  certrtin  li^itea  from  the  Wosterwald,    with 

respect  to  the  product*  which  they  yield  by  dry  diBlillaUon.     Dingl.  pol.  J. 

oixxviii.  129. 
1866.     Engolbach. — Product*  of  the  rlistillation  of  bituminous  shale  from  Werther, 

near  Bielefeld.     Dingl.  pol.  J.  oxxxriii.  380. 
1855..    H.  Schroder. — Producta  of  the  distillation  of   the    bituminous  shale  of 

Bruchsal.     Dingl,  pol,  J.  cxxrviii.  437. 
1855.     Siirmarsch. — lllumiuating  power  and    raJue  of  paraffin-candles.      Dingl, 


1856. 


1856. 
1856. 


1856. 


1867. 


1857. 


pot.  J,  cixiviiL  188. 
IC  VohL— C 


-On  tbeproducta  of  the  distillation  oi'R\n»n\»\\%\\\i\'^{Blatter»chirfcr\ 
various  kinds  of  lignite  and  peat,  Ann  Ch.  Pharm.  xcvii.  9;  xcviii.  181, — 
Dingl.  pol.  J.  cxxxix.  216  ;  cxl  63. — J.  pr.  Chtm,  IxviL  418 ;  Ixviii.  604. — 
Chcm.  Centr.  1836.  pp  312.  455. 

C.  Miillcr. — Products  of  the  di»lillatii*n  of  lignite  from  the  neighbourhood  of 
Aufisig  in  Boliomia.     Z^ischr.  Pharm,  1856,  p.  90. 

P.  Wngenmann. — On  the  amount  of  paraffin.  &c..  obtained  from  yariou.")  kinds 
of  pear,  lignite,  and  shale  (p.  34o).  Dingl,  pol.  J.  cxxxix.  293. — On  the  pre- 
paration of  photogen  and  paraffin  from  peat  and  lignite  by  distillation  in 
furnaces,  Dingt.p</lJ.  cil.  461;  Chtm.  Centr.  1866,  p.  699.— On  paraffin 
and  photojgen  in  general.  Dingl.  pol.  J.  cxxxix.  302. — On  the  distillation  of 
paraffin  oil  and  phctogen  in  vactto.  Dingl,  pol.  J.  ftrrxix.  43  ;  Chem,  Centr, 
1850,  p.  97. 

Sellford. — Apparatus  for  obtaining  paraffin  and  mineral  oil  from  shale  and 
other  bituminous  substances.  Rcpfrtvry  of  Patent  Inventions,  Aug.  1856; 
Dingl.  pol.  J.  cxxxix.  42. 

Process  (patertpd  in  the  name  of  A.  V.  Ne  wton")  for  obtaining  oil  adapted  for 
illumination,  from  lignite  and  bitumiuons  shale,  by  the  first  distillation. 
Rrpertory  of  Pattnt  Invention*,  Jan.  1857  ;  Dingl.  pvl.  J.  cxxxix.  42. 

YohL — On  the  preparation  and  purification  of  solid  and  liquid  distilled  pro- 
ducts adapted  for  illuminHtion,  from  mineral  substances.  Ann.  Ch.  Pharm, 
ciii.  283, — On  the  quniihlienof  photogen,  pnraffin,  &c,  obtained  from  the 
lignite  of  the  Rhon.  Dingl,  pol.  J,  cxUii.  363  ;  hoia  the  peat  of  Roetockina 
in  Russia,  ibid,  cxliv.  444  ;  and  from  the  Posidonienschieferof  Wurtembuig^ 
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ibid,  ciIt.  47. — Heport  on  the  qnantiUps  (rf'Tolatile  iUuminatanff  nuteriftU  ob* 
toinable  from  varioua  bituminous  materials,  ibid.  czIt.  61. — Similar  repocta 
by  P.  Wagenmann,  ibid.  cxIt.  309;  and  C.  Mailer,  ibid.  cxItL  2T0. 

1857.  B.  HUbnerand  K.  Eorkel. — On  the  quantities  of  ligbt  and  hMij  oi!!, 
paraffin,  &&,  obtainable  from  Tarious  kinds  (^  coaL  DingLpoLJ,  cxliii.l4S; 
Chem,  Centr.  1857,  p.  130. 

1857*  Th.  Engelbach. — General  riew  of  the  products  of  the  distilUdon  of 
mineral  substances,  &c.,  as  illuminating  materials,  and  espedaUy  the  bitttaili- 
ous  sand  of  Heide  in  Holstein.    Ann.  Ch.  Pharm,  ciii.  1. 

1857.  B.  Hiibner. — On  the  industrial  working  of  lignites  for  the  preparation  of 
photogen,  paraffin,  &c.     IHngl.  poi.  J,  (slri.  2U,  418. 

1857.  Orth« — Illuminating  power  of  schist'oils.     IHngl.  poi.  J.  czlir.  898. 

1858.  YohL — Further  communications  respecting  the  j^reparation  of  paraffin,  and  tha 

utilisation  of  the  secondary  products  obtained  in  its  mann&ctore.     Ann.  Ck. 

Pharm,  criL  45. — In  abstract,  together  with  the  results  of  preTunu  commuo- 

cationa.     J.  pr.  Chem.  Ixxv.  289 ;  Bip.  Chim.  app.  i,  37. 
1858.    G.   SprengeL     L.   Unger. — On  the  dxr  distillation  of  lignite  and  othct 

bituminous  minerals.     Dingl.  poi.  J.  cxiix.  220,  458  ;  cl.  130. 
1858.    Vohl. — ^Examination  of  Burmese  naphtha  or  Rangoon  tar  as  a  raw  material 

for  the  prerairation  of  photogen  and  paraffin.    IHngl.  poi  J.  cxlrii.  374. — J. 

Barlow.    On  the  treatment  of  this  mineral  oil  for  obtaining  a  paraffin-Iiks 

substance  {Belmontin)f  liquid  hydrocarbons  fit  for  illumination,  &e.     Cotmaa^ 

XU.51Z. 

1858.  Vohl. — On  two  illuminating  materials,  viz.  iVno/tn  (a  product  of  the  distiD^ 

tion  of  American  pine-resin),  and  OUone  (a  product  of  the  lime  sala  of  fiit^ 
acids,  obtained  by  precipitatin|;  waste  soap-liquor  with  chloride  of  calduB, 
with  addition  of  a  small  quantity  of  quickhme).     Dingl.  pel.  J.  czlm.  S04. 

1859.  Hubn  er. — Further  contributions  to  the  manufacture  of  photogen,  eolar  oil  and 

paraffin,  from  lignite.     JHngl.  poi.  J.  cU.  119. 
1859.     Wagenmann. — New  raw  materials  for  tUlT  preparation  of  photogen  aad 

pe^iffin,  occurring  in  Scotland.    Dingl,  poi.  J,  cli.  116. 
1859.     Vohl. — ^Examination  of  various  bituminous  materials  with  respect  to  tbn 

applicability  to  the  preparation  of  illuminating  materials.     DingL  poi.  J.  cfi. 

306,  390 ;  cliii.  328;  Ann.  Ch.  Pharm.  ciz.  182;  J.  pr.  Chem.  Izzvii  306; 

Chem.  Centr.  1859,  pp.  386,  490,  517 ;  Bep-  Chim.  app.  i  292. 
1859.     J.  B.  Hess. — Amount  of  photogen  obuined  from  a  peat  occurring  in  A«l*«h- 

Dinglpol.  J.  cliiL  380 ;   Chim.  Centr.  1860,  p.  164. 
1859,     C.  Hasse. — On  illuminating  materials,  &c,  obtained  by  tiie  (HstilUtioB  of 

Qallician  petroleum.     Dingl.  j^.  J.  cli.  445 ;  Bip.  Chim.  app.  i.  292» 
1859.    J.  Mi  tchel — On  the  purification  of  paraffin.    Bep.  of  Patent  InveniAomM^  Ami 

1859.  p.  300;  Dingl,  poi.  J.  clii.  160.— Kernot. — On  the  aame.    Latdm 

Journal  of  ArU,  Sept.  1859,  p.  160;  Dingl.  poi,  J.  cUt.  64.— C.  G.  XiilUi: 

— On  the  same.     Dingl.  poi.  J.  cliv.  227. 
1859.    F.  C.  Calvert — On  the  Tariations  in  the  composition  of  ooal-tar»  aeeordiDgte 

the  kind  of  coal  from  which  it  is  obtained.     Compt.  rtnd.  xUz.  261;  Jiiiiiii 

1859,  p.  742. 

1859.  AntiselL — The  manufiicture  of  photogenic  and  hydrocarbon  oHs  team  coal 

and  other  bituminous  substances  capable  of  supplying  bnxniiiff  finida.  Kev 
York  and  London ;  notice  of  the  same  by  F.  H.  Storer.  SlL  Amu  J.  [t] 
XXX.  112,  254. 

1860.  Lu  Unger. — On  the  composition  and  occurrence  of  lignites;  espeduOy  adapCcd 

for  the  production  of  tar.  and  on  the  treatment  of  the  tar  fbr  obtaiauif 

paraffin,  photogen  and  solar  oil.     Dingl,  poi,  J.  dr.  41 ;  Chem,  Otnir.  lUC 

p.  515. — On  the  qualitative  and  quantitative  differences  in  the  tar  obtaaaaJ 

from  lignite,  accoming  to  its  structure  and  mode  of  occorrenoe.    2Hmjfi»  peL  J, 

clviii.  222 ;  Bip.  Chim.  app.  iii.  240. 
1860.    H.  Perutz. — Description  of  the  retort  furnaces  (for  healing  Iknit*)  indM 

photogen  and  paraffin  factory  of  Wilbelmshiitte  near  Oschencheben.    iHiafL 

pd,  J.  civ.  56. 
1860.     C.  Zincken. — On  the  illuminating  power  of  the  productB  of  the  diatOUtiaaaf 

lignite,  &c     Dingl.  poi.  J,  dv.  128,  216. 
1860.    Duraoulin   and  Cotelle. — On  a  method  of  rendering  hevfy  eoal-tn  oil 

adapted  for  illumination.     Chem.  Centr.  I860,  686. 
I860.     W.  Schmidt. — On  the  quantities  of  illuminating  oils,  paraffin,  fto,  tflitiirr^ 

fix>m  various  kinds  of  Bussian  peat.     Chtm.  Centr.  1860,  p.  804. 
i860.     H.  Sch  warz. — On  the  applicability  of  Gallician  petroleom  to  th*  ptv^UtiM 

of  photogen  and  solar  oil     Dingl.  poi.  J,  clvL  464. 
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1861.  y  ohL— ^n  the  causes  of  the  failare  of  many  fiictoriee  of  panflln  and  photogeo 

Diiiffl  pol.  J.  clil  376. 
1881.    A.  Oessner. — On  coal,  petroleum  and  distilled  oils.    8to.  NewToilL 

1862.  D  alia — On  the  preparHtion  of  mineral  oils  and  paraffin  horn  Tarious  raw  ma- 

terials, Chrm.  Cmtr.  1862,  pp.  252,  266, — beiog  an  extract  iSrom  hia  work 
entitled  "  Die  Torfverwerthun^  in  Europa." 

Is62.  B.  H.  Paul. — On  theworkingof  the bituminonspeatofLews Island  (Hgbrides),. 
for  the  same  purpose.     Chem,  Sews^  vi.  221,  243. 

1862.  A.  H.  Church.— On  the  oils  obtained  from  Alb^rtite.  Chem,  Newt^  vi  122; 
SSp.  Chim.  app.  \r.  419. 

1862.  Per  utz. — On  the  recorer;  and  utilisation  of  thr>  acid  and  alkaline  liquids  em- 
ployed in  the  purifii-ation  of  mineral  oils.     Dingl.  poi.  J.  clxiii.  65. 

1862.  Stenhouse. — Application  of  paraffin  to  the  impregnation  of  leather  and  tis- 

sues, to  render  them  air-  and  water-tight.  Lcmaon  Journal  of  ArtSfSeptemhet 
1862,  p.  164;  Dinffi.  pol.  J.  cxlvii.  72. 
188S.    B.  H.  Paul. — ^Destmctive  distillation,  considered  in  reference  to  modem  In- 
dustrial Arta.    Jour.  8oc,  ArU,  xi.  470;  Chem.  Aruu,  rii.  282,  TiiL  66,  78. 

1863.  G.  Then  ins. — ^Examination  of  peat  from  Sakburg  and  lignite  from  Ellnbc^n. 

with  r<>^aid  to  their  a^laptability  for  tho  preparation  of  photogen  and  paraffin. 
Dififfl.  pol.  J.  clxii.  362.  467  ;  clxx.  296,  361. 
1863.  H.Xahore. — Description  of  an  apparatus  with  revolving  retorts  for  the  distil' 
lation  of  schists,  asphalt,  &c  JOingl.  pol.  ^.clxx.  104.  W.M.  Williams.^ 
Description  of  roverberatory  furnaces  for  similar  puxposes.  Le  Technologiste^ 
June  1863,  p.  468;  DingLpol.J  dxx.  106. 

1863.  Breitenlohner. — Process  for  improving  heavy  oils  obtained  from  peat-tar 

and  rendering  them  fit  fbr  illumination.     DingU  poL  J.  cxlrii  378 ;  Bull. 
See,  CMm,  vi.  71. 
186S.    A  W.  Hofmann. — Report  on  chemical  products  and  processes  in  the  Inter- 
national Exhibition  of  1862,  pp.  138—144. 

1864.  B.  H.  Paul. — Artificial  light  and  lighting  materials.     Jour.  Soc,  Arts,  adi 

311 ;  Jour.  Franklin  ImtituUi^  1866. 
Sea  also  the  several  volumes  of  Wagnet't  Jahresberickt  u&er  die  Fortachritte  und 
ZgeUtungen  dir  chrmiKhen  Technologic,  Leipzig,  1866 — 1864.  B.  H.  P, 

WAMAXUhOnyJimMMrXm,    See  Globclaria  (it  846). 

VJUUiOVAT  TXA  or  Yerba-maU. — The  dried  leaves  and  twigs  of  PaoraUa 
^amduloea^  L.,  iZex  paraguayensis,  St.  Hilaira  They  contain  caffeine,  1*1  to  1*2  per 
cent  according  to  Stenhouse  (Phil.  Mag.  [3]  xxiii.  426);  0*44  per  cent,  acflording 
to  Stahlschmidt  (Pogg.  Ann.  exit  441). 

VASABXXIXBVa.    Syn.  with  $  Hexylcne.     (See  Hextlbnb,  ill  156.) 

yjUUL&ACTZO  ACIS.  Syn.  with  SuicoLAcnc  Acn>.  (SeeLacnc  Acn>,  iii.  467.) 

See  ALBUvtH  (i.  68). 

The  liquid  modification  of  aldehyde  obtained  by  Weiden* 
bnseh  (see  Audbthtdb,  I  109).  According  to  Lieben  (Jahresb.  1860,  p.  103),  it 
if  also  produced  by  heating  aldehyde  with  ethylio  iodide  to  100**  in  a  sealed  tube.  It 
melts  at  12**,  boils  at  123^ — 124°,  and  has  a  vapour-density  of  4-71»  agreeing  nearly 
with  that  calculated  for  2  vol  from  the  triple  formula  of  aldehyde.  0*H"0».  It  is 
probably  identical  with  the  modification  of  aldehyde  which  Geuther  and  Gartmell 
obtained  by  the  action  of  sulphurous  acid  upon  aldehyde  (melting  at  10^,  boiling  at 
124*),  perhaps  also  with  Fehling'a  elaldehyde.  A  body  having  the  same  properties, 
CKoepting  that  it  melts  at  4°,  is  produced  by  saturating  aldehyde  with  (^anc^en  gas,  and 
Isaving  uie  solution  to  itself  in  a  sealed  tube  for  sometime  at  the  ordinary  temperature. 


Compounds  analogous  in  composition  and  exhibiting 
•gnal  dififerences  of  atomic  volume,  are  caMedi  by  Scheerer,  parallclotUnc  compounds, 
(See  IsoMOSFHiSM,  iii.  432.) 

VAXJLMIOZTB*    A  silicate  of  aluminium,  calcium,  and  sodium,  intergrown  with 
lapis  lazuli,  from   the  neighbourhood  of  Lake  Baikal  in  white  four  or  eight-sided 

fnsms,  harder  than  quartz,  having  a  specific  gravity  of  2665,  and  mtlting  before  the 
lowpipe  to  a  colourless  glass.  It  contains,  according  to  Thoreld,  4496  per  cent, 
■ilica,  26-89  alumina,  14*44  lime,  10*86  soda,  I'Ol  potash  (with  1*85  loss)  {Rammrlf 
ber^s  Mineraichemie,  p.  778).  According  to  Kokscharow,  N.  Petersb.  Acad.  Bull 
L  231),  it  has  the  same  angles  as  mejonite,  and  may  be  regarded  as  a  variety  of 
■capolite, 

A  substance  isomflrie  vith  c^yanaaude,  CH'N',  produced  by  tht  aetioa 
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of  carbonic  nuhydride  on  Bodamide.     It  cryntalliaea  id  concentrie  groap*  offtseij^ 

pmnu,  soluble  in  vuter  ind  nlmhol,  melting  at  100°  vhon  dry  (cyuiunid*  aehi « 

5  irt**),  »nd  Moli(fifvin)i|:  aguin  in  the  crystallin**  forni  at  about   IHO".      It  ta  fvnher^ 

tingiuahrd  from  eyaiiBniiilo  (ii.  188)  by  not  formiDg  either  a  yellow^  ailTer  tomft 


or  a  brown  copper  ojnipouiid.  Cyanamide  changes  into  parain  when  left  lo  itaalf  tri 
long  time.    (Beilhteiu  ami  Geutber.  Ann.  Ch.  Phann.  c^-iii.  88.) 

FJUUUISAI-Eic  ACX]>.    8)'D.  vith  FuHAJuc  Aca  (ii.  74 1> 

PJUIAACA.X.XC  Aczn*  Syn.  with  Li02,TooLxic  Acm.  (Se«  OrroouicAaB, 
iL  912.) 

VAR&Kzcosrxc  Acn».    SjiL  viih  CoMnao  Aon>  (i.  1103). 

PA&AKZSrzSPEKKZVX.     See  Hbkufhbminb  (iii.  880). 

•"^J^^S^  J*"^™'  f     ^0  Mellitic  Acid,  Ajodbs  or  (iii.  873). 

PAaAXVXZSOaswzozC  ACZS,     Syn.  «itb  F^AAoxTBBKZAMic  Acn>  (p.  Ill), 

PARAMORPHnrs.     .'^yu.  vith  TuxBuifm. 

PARAMOKPBOUS  CRTSTAXB.     Thia  t4>rm  waa  firat  appliad  by  W.  8c«tt 

atid   ut'ttTwunls  udoptod  bySchcercr  (J.  pr.  Chenu  Ivii.  60),  to  designate  eutaa 

paeudomorplis  in  which  a  cbon^  of  molecuUr  atroLturp  has  taken  place  m'lhoat  aW 

Ation  of  t>xt4'mal  form  or  chemical  conatitulion:  fur  example,  the  monooUnic  oriUb 

of  fuied  sulphur,  which  gradually  become  opaque  and  are  thpn  Iband  to  be  Okade  Bf  itf 

cr)'MtiilIine  particlefl  having  the  trimetric  form  of  vulphor  crystaJliaed  from  fuionik 

luw  tempt-ratures  (ii.  3S2) ;   also  ciystala  of  arragonite  (trimetric)  altered  intenaHj  M 

cnlcflpar  (rhombohcdraJ ).  and  of  iron  pjrrit^s  (monometric)  a]r««r«<i  intemallj  to  mtr* 

ctufitt!  (trimetric).     Sch^crer  alao  rcpirdn  aa  ptkraniorpha,  many  iastiuees  of  pmroAo- 

rVnorphism  in  which  a  change  of  chemical  composition  haa  taken   phuw  a>  well  aiii 

Lmuli'nilar  atructure,  r.g.  the  ciyatals  of  acapolite  oocurnnc:  at  Snaram  and  Kragena.tt 

[T^orway,  which  consiflt  of  crystallo-granalar  maaaea  of  orthodase  or  albite,  anppoai^ 

^  tlmt  thi'He  minerals  an-  dimorphoua  and  aometimea  crvBtAllise  in  the  form  of  a<^|)oUte. 

For  a  full  di8cu.s(;)on  of  the  subject,  see  Sch^erer  a  article  Fasamokfbosb  is  t^ 

Handuiiirtrrbuch  der  Chemie,  vi  fi3;  alao  Jabreab.  18£2.  p.  302;   1853,  p.  860;  18H 

pp.  872,  888. 

PAJtAimrcZO    ACm.      An  isomnnc  mndification  of  mncic  acid  produced  hj 

prolonged  Iwiling  of  the  Intti-r  with  waUr  (iii.  1057). 

PARAM7XSJVS  or  Diamj/Imr.  C'H*. — A  polymeric  modiflc&tion  of  amyleni 
which  pu.'^S'-s  oTcr  at  160°,  when  amyUc  alcohol  is  distilled  with  chloride  of  jdnc 

PARAMTXiOSrs.     The  name  given  by  Gottlieb  (Ana.  Ch,  Pharm.  Ixxr.  61)   ■ 
to  finia]l  gmina  r^sombling  wheat-starch,  which  are  contained  in  considerable  qnatitti;     ■ 
in  B^gUtia  viridtt,  %  apedes  of  infiuorium.  They  are  whites  insoluble  in  water  And  dilate 
ai'idfl,  and  have  the  cuinposition  of  starch.     At  200°  they  ore  conrert«d  into  a  Lutelr« 
gunimy  masfl,  auluble  in  water.     Fuming  hydrochloric  acid  converta  them  into  ^ncoM 

PARAJffAPHTBAXEim  or  ASTTKRACZOrX.  C'E'*.— A  hydroew1}0i 
discoTBred  by  X>umaN  nnd  Laurt^ot  in  1H32  (Ann.  Ch.  P^J^-  [2]  L  187),  forthfc 
examined  by  Laurent  {if/it/.  Ix.  220;  Ixri.  149;  Ixxii.  415),  Fritzsche  (Ann. Ch. 
JMiarm.  cix.  249),  and  more  completely  by  Anderson  (EJinb.  Fhil.  Trana.  T^ii  [J] 
fiHl ;  Chom.  Soc.  Qn.  J.  ir.  44).  It  ia  produL'ed  in  the  dry  distilhiliou  of  coal,  bita- 
niinouH  bhole  and  wood,  and  is  contained  in  thi'  huit  heavy  juid  semifluid  purlioua  of 
the  tar,  at  tirut  to);;ether  with  imphitiiilifne,  finally  with  chrys«ne,  A  commerciiJ  pro- 
duct of  this  kind,  nsed  ua  a  lubricntur  for  machinery,  is  vellow,  aoft.  aomewhat  Idee 
palm-oil,  and  contains,  besides  aotliracenes  a  timall  quantity  of  naphthalene,  asd  ft 
much  Irea  volatile  rmpyreoraatic  oil. 

Preparation, — Cniae  commercitil  anthmcene  ia  distilled  from  an  iron  retort,  and  tha 
colonrlcsa  noKiona  which  paaa  over  at  (he  beginning  are  prcHHod  tu  remove  the  od, 
and  pnn6ed  by  repeated  crifataUisatton  from  benzene,  or  byaublimation.  The  oolouid 
])ortiDtts  which  paas  over  at  a  later  Rtnge  of  the  diatilhitioD,  are  obtainod  coloorleaabj 
repeated  rectification,  t!ien  purified  in  the  Rame  manner.    (Andersoa.) 

Fritzscbe  immediately  dist>olTP9  anthracenp,  ubtained  by  presaore  and  recryt- 
tallisation,  in  boilliig  beu7,fne,  together  with  excesa  of  picric  add,  whereby  eryatals  of 
the  picnite  are  obtained  on  cooling.  From  this  compound  anthracene  may  be  aepanted 
by  ammonia,  am!  purified  Viy  rHcrvslallii^Jttton  frt>in  ali^oht:!. 

/ViMKr^/'^if.  —  Anlhracenr  funns  flmull  rolnurlestt  laminfE-,  which  exhilit  a  silky  lube 
when  immersed  in  alcohol,  but  become  dull  when  dry.  The  laminfc  which  sepexata 
from  solution  in  bcnz/'ne,  are  lesa  UiatmuR  and  somewhat  gran  ular  (Anders^on).  Aa- 
thracene  melta  at  213°  (at  180°,  according  to  Dnmaa  and  Laarent;  at  about  210^, 
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•eeordiog  to  FritEsche)  to  a  colourless  liquid,  which  eoUdifiefl  to  alomioo-crystalline 
roasa  on  Pooling.  It  sublimes  slovl}'  at  the  hpHt  of  the  wuter-batfa,  more  quickly  in 
thin  laminie,  at  a  stronger  beat,  and  dintils  without  decomposition  at  a  still  higher 
temperature  (AndersonX  above  800°  according  to  Dumas  and  Laurent  It  ia 
iDoaorous  if  free  from  ompyreumatic  oil;  tasteless.  Specific  gravity  1147  (Relchen 
bachV— Vapour-density, obs.  =■  6*74  at  4o0°  (DumasandLaurent);  calc.  «  6-17 

Anthracene  is  insoluble  in  watrr,  but  dissolves  easily  in  boiling  alcohol,  more  abun- 
dantly in  ithiT,  hfn:rcne,  and  tttiatile  oils  (Anderson),  especially  in  oil  of  turpentine 
(Dumas  and  Laurent).  It  is  not  altered  by  alkalis.  When  it  is  dissolved  together 
with  excess  of  pieric  acid  in  boiling  benzene,  the  liquid  on  cooling  deposits  deep  ruby- 
coloored  co'stals  of  picrate  of  anthracene,  C'*ja'»OH"(N0«)H).  Thisoompoond 
melts  at  about  170°,  and  is  decomposed  wholly  or  partially  by  water,  alcohol,  and 
ether,  which  dissolve  out  the  picric  acid.     (Fritzsche.) 

Decompositions. — 1.  Anthracene  dissolves  in  oU  of  iJttnol,  with  green  colour,  and 
forms  a  conjugated  acid. — 2.  In  contact  with  bromine^  either  liquid  or  gaseous,  it  is 
■lowly  converted  into  hexbromanthracene. 

3.  Anthracene  exposed  to  a  slow  current  of  cklorine-gas  for  not  too  long  a  time,  is 
ooDTerted  into  hydrochlorate  of  cliloranthracene,  a  small  quantity  of  hydro- 
chlorieacidgas  beicg  evolved  at  the  same  time.  Exposed  for  a  short  time  to  a  rapid  cur- 
rent  of  chlorine,  it  becomofi  heutt^  and  forms  hydrochloric  acid  and  c  hi  or  anthracene. 
When  heated  in  chlorine  gas,  it  absorbs  a  mucli  larger  quantity,  gives  off  Ini^er 
^[uantities  of  hydrochloric  acid,  and  exhibits  an  increasing  amount  of  chlorine,  till  after 
eight  days,  a  semi-fluid  product  is  obtained,  which,  by  solution  in  ether  and  evapor- 
ation, is  resolved  into  an  oily  and  a  crystallisable  chlorine-compound  (Anderson). 
The  oystals  are  soluble  in  alcohol,  ether  and  benzene ;  contain  47*5  per  cent.  C  and 
2-66  H,  and  are,  perhaps,  C"H»Cl»  (calc.  47*39  per  cent.  C,  264  H)  or  perhaps  a 
mixture.  The  oil  treated  with  alcoholic  potash,  yields  more  than  one  crystaUistablo 
substance.    (Anderson.) 

4.  Anthiacene  is  but  slightly  attacked  by  cold  mtn'c  acid,  but  by  boiling  for  several 
day*  with  nitric  acid  of  Npecific  gravity  1-2  it  is  converted  into  oxanthracene.  Nitric 
of  specific  gravity  1*4  likewise  forms  oxanthracene,  but  mixed  with  other  products ;  il 
Aiming  nitric  acid  be  added  at  the  same  time,  dinitroxanthracena  is  also  produced. 
These  compounds  separate  out  on  cooling,  whilst  a  crystallisable  acid  remams  in  the 
mother-liquor.  This  substance,  Anderson's  anihracetiic  acid,  obtained  by  careful 
eTaporatiun,  is  easily  soluble  in  water,  and  forms  crystallisable  compounds  with  ammonia 
and  potash,  iDsoluUe  salts  with  baryta  and  oxide  of  lead.     (Anderson.) 

Laurent,  by  treating  anthracene  with  nitric  acid,  obtained  four  nilro*compoundf 

iand  oxanthracene).  the  formulee  and  independent  existence  of  which  are  doubtfuL 
See  GmdiH's  Handbook,  xvi.  166.) 

Derivatives  of  Paranaphfhalfne  or  Anthracene. 

SronuuitbraeaiMa.  (Anderson,  loc.  cit.) — When  a  thin  layer  of  pulverised 
anthracene  is  placed,  together  with  bromine,  under  a  bell-jar,  and  the  mass  which  forma 
after  a  few  days  is  pulverised  and  again  exposed  to  the  bromine- vapours,  this  treat- 
aaent  being  repeated  as  long  as  the  bromine  continues  to  l>e  absorbed,  and  the  brown  mass 
then  disAoivecl  in  benzene,  the  solution  on  cooling  deposits  hexbromanthracene, 
C"n*Br*,  which,  when  recrj-stalliaed  from  ether  or  from  benzene,  forms  small,  white, 
liard,  apparvntly  rhombic  crystals.  It  is  sparingly  soluble  in  alcohol,  ether  And  bemme; 
tnma  brown  at  176^,  and  melts  at  182**,  with  evolution  of  bromine.  When  heated  with 
oil  of  vitriol,  it  melts,  and  gives  off  bromine  and  hydrobromic  acid.  It  is  but  slightly 
attacked  by  nitnc  add.-  -With  alcoholic  pttt^tsh  it  acquires  a  yellow  colour,  and  forms 
bromide  of  pot-assium  and  bromide  of  dibromanthracene.  C"H"Br*.Br*,  which, 
when  recrystallised  from  benzene,  forms  long  yellow  needles,  having  a  fine  silky  lustre, 
and  melting,  with  partial  decomposition,  at  238°.  They  are  nearly  insoluble  in  cold 
bensene,  and  soluble  only  in  benzene  heated  above  100° ;  still  less  soluble  in  alcohol 
and  eiker,  either  hot  or  cold. 

ObloimntlumoeiM.  C'*H*C1. — This  compound,  obtained  by  subjecting  anthracene 
to  the  action  of  a  rapid  stream  of  chlorine  for  a  short  time  only,  forma  small,  hard, 
oystaUine  scales,  soluble  in  alcohol,  etiier  and  benzene.     (Anderson.) 

HydrochhreUe  of  Chloranthraane,  C'*H"C1.HC1. — To  obtain  this  compound,  cold 
cblorine  gas  is  passed  in  a  slow  stream  over  anthracene,  and  the  resulting  mass  i.^erys 
tallised  by  solution  in  benzouo  and  cooling.  Laurent  intnxluces  piilvcrised  anthra- 
cene into  a  bottle  fille<l  with  rhlorine.  dissolves  out  the  anthracene  which  remains  un- 
altered after  48  hours,  with  a  small  quantity  of  boiling  ether,  and  oystallisee  the 
vadiasolved  portion  from  a  large  quantity  of  boiling  ether.  It  forms  radiate  needles 
«lten  yjBsj  long  (Anderson);  yellowiah,  shining  laminse,  fusible  and  volatile  (Lan- 


SS2 


PARANICENE—PARA-OXYBENZAMIC   ACID 


iBtX 

in-.  J 


rent).  It  u  eiuiDj  soluble  in  aJcohd,  to  which  also  it  gives  up  a  sm*!]  <|«AmitT  *i 
hydrochloric  scid,  Bliglitly  aoloble  in  itker*  AlccMie  potoik  oooTerts  it  mfeo  vuv 
anthracene. 

Oxantliraoene.    C*'H*0'.   ParanapkiaUs".     AnthracmuM.     (I«aar»n  t,  Andw 

■on.)— When  nnthnicfne  is  boiled  for  Bome  daj's  wirb  nitricacid,  a  reain  m  fomfd 
which  becomt4  gmnulHr  on  cooling,  and  wh«n  wiuht-*!  with  water  n'^^  r«-!-t.»»Jl»i4 
frum  alcohol  or  beiuenr,  iorain  light  fvd4i>h-je]Iow  crjstaJs  of  oxai.  ;  jiH^ 

volarile   vithont  Hecomposition,  and    labliminfiE  in   long  needles.      ^  -li  <* 

blatiDuni-foil,  it  bums  with  a  NDioky  flHmf  nnd  withoot  mndue.  It  ia  oeuLral,  imnltUt 
in  watrr^  aparin^lj  eolublc  in  alcohot^  sorncwhat  morp  solublft  in  benxene  (An(irr«(rt). 
iipurl^'  insoluble  in  boiling  tthrr^  and  in  hot  roai-tar  oil  (Lsnrent),  It  dxasatntii 
boiling  nitric  acid  of  Bpccific  ^rurity  1*4,  and  crTstallisfs  on  ccolin^^:  abo  in  rtm^ 
sulphuric  aciJ,  and  ia  rcprpcipiut«d  by  water  (Anderson).  It  ia  not  aJlervd  Wbn 
ht/tlrochfofic  acid,  by  ptttash-icy  or  quick'iime,  not  ctbu  when  sublimed  over  tbe  Wkx 
When  it  is  heated  in  a  test-tube  with  concentrated  htfdriodie  acid,  white  seali*  i^ 
siTnUing  rftilbetie  condense  in  the  upper  part;  C'^H'O^  -t-  8HI  «  C"H"  -*-  !■ 
2H-0r     (Anderson.) 

Dinitroxonthrartnf,  C"H«N*0»  -  C"H*(NO«)'0».— When  anthra«ne  isboiW 
nitric  acid,  and  portions  of  the  faming  acid  ore  added  ^ni  time  to  time,  red  fsaes 
eontinuoojJy  erolved,  and  the  nnthmcpne   is  conrprted   into  a    re«isona  auxtwe 
oxantbmcone  and  dinitroxnnthnicenc.     Frum  thin  mixtarethe  dinitixjixanthrveene  mi 
be  separated,  by  hcHting  with  a  Mmall  quantity  of  ulcohol  and  cooling,  a«  %  red  po«4ff 
haring  very  little  of  the  crystalline  character.     (Anderson.) 

VAXAJrzCEans.  The  name  given  by  St  Err«  to  a  solid  hydrocarbon,  C>*E"? 
whsdi  he  obtained  by  distilling  chlorunicpic  (cblorobeoEoic)  acid  (i,  921)  with  caufai 
lime  or  baryta.     Fuming  nitric  acid  oonrerts  it  iuto  a  nitro-com pound,  C'K'^KO'j. 

rAJUkirzcnril.  C'oH"N  ?— A  base  produocK]  by  the  action  of  sulphide  of  ■&!»- 
niam  on  nitropiLninieene.  It  dissolves  in  acids,  forming  crystallisable  »alta.  and  fsprt- 
cipitAted  from  the  solationsin  snowy  flakes  soluble  in  etbor.  (SL  Evre.    Sec  Ooriiaidi'i 

Traiti,  iii.  66.) 

VAJUUrxXJim.  C'^H^N^.  (Kofmann.  Proc.  Hoy.  Roc  xiL  3U0— Dnrii^ 
the  pr^'puraticn  of  aniline  on  the  large  scale,  several  baseb  of  high  boiling^  point  an 
produceil.  Thfy  are  Xo  be  found  in  the  residues  which  remain  in  the  ^itills  in  whtciti 
the  crude  aniline  is  rectified.  By  distilling  these  reaiduea  and  fracLionating  tbf  ^ 
dncts,  a  variety  of  bases  are  obtained,  among  which  nwr  be  mentioned  tolnyles«> 
diamine,  martylamine  C*'H"N,  and  paraniline  C"H"N'. 

Preparation, — When  the  fractions  boiling  above  330^  are  treated  with  dilate  nl- 
phuric  acid,  a  semisolid  crystalline  mass  is  obtained,  consisting  of  two  anlphat^  i/ 
different  degrees  of  solubility,  the  more  soluble  being  the  sulphate  of  paraniline.  tb« 
lees  soluble  the  sulphate  of  martylamine.  On  decomposing  the  more  soluble  salt  widi 
cnnstic  eoda,  a  riscid  basic  oil  is  produced,  which  after  some  days  solidifies  to  a  sau* 
anlid  crystalline  mat<s.  This  is  to  be  pnrifled  &om  adhering  oil  by  praemre  bsCvta 
folds  of  filtering  paper,  and  crystultised  flntt  ^m  water,  and  subeeqoentlj  ones  or 
twice  from  boiling  alcohol.  Paraniline  forms  long  white  silky  needles,  fbsfble  at  191^, 
It  boils  above  the  ningc  of  the  mercurial  thermometer,  but  distils  without  diiw 
position. 

Saiti  of  Paraniline. — From  asoliition  in  strong  hydrochloric  acid,  a  beantifnl  ty^i^ 
chlorate  crystalliBcs  in  transparent  six-sided  phitcs,  which  when  dried  at  lOO^haTetW 
iurmula  C"H'*N^.2HC1.H'0.  On  treatmfnt  withwaterlhey  are  immedint^lveonrerted 
into  Bparingly  wjluble  voUow  needier,  which  t\t  100°  cuntnin  C''n"N'.HCl.li'0.  and  st 
116^  C'=H'*N=HC1— the^/a/l«wm-ifl/^  2C«fl"N-.H=CI-.Pl"Cl*(ttt  110°).  forms  ydlcw 
needles  of  uparing  solubility. — The  nitrate^  C"H'*N' UNO*,  forms  short  yellowisl 
needlee  grouped  in  atare.  —  SuJphat/s.  On  dir^solring  paranilioe  in  dilute  sulphuric  scid, 
a  salt  eaiiily  soluble  in  water  is  obtained,  having  the  formula  C'*H'*N*.H'SO*.  Tltatid 
with  excpsa  of  base,  it  yields  a  salt  containing  2(C"H"N')H'S0*. 

Ethfftatrd  derivativr*  of  Paranitinr.  Tbe  action  of  iodide  of  ethyl  on  this  bais 
resalts    in    the    formation   of   two    elhylated    bases,  namely    C"H  *(C'H*)K'     aad 

C''u*-(C'H*)^N«.  a  G.  W. 

rAKAJrZTltOBEJrzozc  ACZO.    Syn.  with  NiTKODRACTLic  Acm  (p.  60). 
PA3ILAlVTHZXr.     A  name  applied  to  certain  compact  varioties  and  white  and  pals 

bhie  crystals  of  scapolite. 

PAKA-OXTBUX-ZJUIKZC  ACZB.  CH^NOl  Parantidcbcntoic,  OxydraeyUtme 
or  Amidodract/fic  acid.  (G.  Fischer,  Ann.  Ch.  Pbann.  cxxvil  142 — Wi  I  brand  as4 
Beilstein,  ihid.  exxviii.  257,)— An  acid  isomeric  with  oxybenxamic  acid,  produced  by 
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ho  ftction  of  mitpbiiric  noid  on  nitrodrseylato  (piir&tutroWtuoata)  of  aramoniain 
7i»ch^r),  or  by  the  actioo  of  tin  and  hjdrocliloric  sciil  oa  niliwlracyUc  acid 
Vilbrand  andBoilstein).  When  1  pt.  of  nitrodnurvHcncid  (p.  60)  and  2  pta.  of 
I  are  treated  with  concentrated  hydrochloric  a^id,  and  tnc  filtrate  erupomred.  colour- 
M  needlea  or  1amina>  are  obtaineil,  coDBi'tfting  of  the  compouod  C'H'NO'.HCi,  which 
bj  aolation  in  amiDoniaund  fiapersatututioo  with  acetic  acid,  yields  crvhtala  of  paraoxy- 
beiuamic  noid.  A  quicker  method  is  to  precipitate  the  acid  tin-solution  with  sodic 
carbonatoundsupersatur.itetheAUratewith  licet io  acid.*  (Wilbrand  and  Beilnt  ei  ii.) 
Faraoxybcnznmic  acid  ciyBtalliseB  in  yt'UowiBh,  highly  lustrouii  capillary  cn-Htalii, 
which  melt  at  11*7°,  aad  are  not  coloured  (like  oxybenzamic  acid)  by  contact  with  air 
and  WAttT  (Fiacher);  in  reddiah  interlaced  threttda,ahining  rrj'stallino  liiftH,  or  vmall 
rhonibohedrona  melting  nt  186°  or  187°  (Wi  lb  rand  und  BciUtcin).  Wh<'n  hented 
with  jpotoik,  it  is  resolved  (more  easily  than  oxybenr;tmic,  Ifsa  easily  than  pfaenyl- 
carbamic  acid)  into  carbonic  anhydride  and  aniline.  Wilbrand  and  Beilstein  regard  it, 
however,  as  identical  with  the  latter  (Chancel's  carbanilic  acid).  When  nitrous  acid 
Tapour  is  slowly  puAaed  into  a  boiling  solutiuo  of  1  pt.  parnoxybenzamic  acid  in  120  to 
126  pts.  boiling  water  (with  other  proportions  a  different  reaction  lakes  place)  till  the 
liquid,  which  becomes  dark  in  colour  and  gives  off  nitrogen,  deposits  on  eraporatiun 
flocks  whioh  assume  a  rfmnous  cimaifttonoe,  ihe  filtrate  yields  ut  n  certain  aegroe  of 
concentration,  crystals  of  paraoxyboDZoic  acid,  C'H"0*.H"0.     (Fischer.) 

AiO'paraoxt/hcnraiftic  acid,  C"H"N'0*,  isomeric  with  diazobenzo-oxybeoEainic  acid 
(p.  29'2),  separates  on  pouring  nitrous  ether  (alcohol  aaturuted  with  nttroua  acid), 
on  a  cold  satnrated  solution  of  paraoxybcnxamic  Acid,  as  a  yellow  crystalline  body, 
which  is  decomposed  br  hydrochloric  acid  in  the  same  manner  a£  diazobenzo-oxybenx- 
amic  ocid^  vieldtng  hydrochl or.it o  of  namoxybenzamicneid  und  paracholorobensoic  acid 
(p.  344).  Nitrous  lu'id  passed  into  a  hot  alcoholic  solution  of  ozo-punioxybenzamic  acid 
forms  aldehyde,  together  with  an  acid  CH'O*.  different  from  sulylic,  ami  probably 
identical  wita  onlinarj  benzoic  acid  (see  the  second  equation  on  page  2^3).  (Wilbrand 
and  Beilstein.) 

FAAJl-OXTBSHXOXO  ACXB.  C'H*0*.  (Sa^tzeff.  Ann.  (^L  Fbarm.  dxrii 
129.) — An  uoitl  isomeric  with  oxybeuKoic  und  with  salicylic  acid,  produced  by  heating 
anisic  acid  with  conceulrated  aqueous  hydriodic  acid  to  125° — 130'  for  twolve  to  six 
teen  hours: 

C»H«0«  +  HI  -  CHK)*  +  CH«I; 
also,  according  to  Fischer  (p.  3S1),  by  the  action  of  nitrous  acid  on  jmraoxybenzamio 
acid.  It  crystallises  from  hot  water  (according  to  A  Knop'sdetennvnations)  in  small 
tnoooclinic  pri^mfi,  exhibiting  the  combination  %P  .  oP .  ooPoo.with  the  following 
approximate  values  of  the  anf>les;  ocp  :  <xP  in  the  orthodiagonal  principal  section, 
=  140^;  ooPoo  :  «P  -=  llOO;  ^p  .  „poo  ^  10-^^30';  oP :  ocP  -  86^  It  dia- 
solres  in  126  pts.  of  wat«r  at  15*^ ;  more  easily  in  hot  water,  nlcohtd,  and  ether;  has  a 
sour  taste;  contains  when  air-dried,  1  at  wat^r  (C'H*0'.H'0) ;  becomes  anhydrooa 
at  100^;  melts  with  pnrtial  decomp'jsition  at  2l0^  and  solidifies  between  160"  and 
170°.  It  is  distinguished  from  salicylic  acid  by  its  melting  poicl  and  solubility 
(salicylic  acid  melts  at  150^,  and  requires  1000  pts.  of  cold  water  to  dissolve  it);  by 
forminz  with  ferric  chloride  a  yellow  precipilate  soluble  in  excess,  without  violut 
coloration ;  and  by  the  much  gn'at*-r  facility  with  whii^h  it  is  resolved  into  phenylic 
nleohol  and  carbonic  anhydride.  From  oxybenzni^?  arid  (p.  205)  it  is  distinguish*^ 
by  its  crystalline  form,  and,  according  to  Saytzeff,  by  its  behaviour  when  heated  to 
the  subliming  point  (oxybenzoie  acid,  according  to  Fischer,  crystallises  in  anhy- 
drous reetanfrukr  prisms,  melts  at  200^  and  sublimes  almost  unaltered  even  when 
quickly  heati'd  ;  according  to  G  erland,  however,  it  splits  up  into  carbonic  auhydrida 
and  phenylic  alcohol). 

Paraoxy benzoic  acid  forms  with  thenlkalis,  easily  soluble  salts,  difficultto  crystallise; 
with  the  alkaline  earths  and  with  the  oxides  of  zinc  and  cadmium,  it  forms  Halts  which 
are  likewise  easily  soluble,  but  crystulllsw  well.  The<:<irfwii*M-«rt^,C"H"'(;d-0r4H*0, 
crystallises  in  large  weU-dftined  rtiumlx>hf drona ;  the  ti/ivr^ait,  2C'H*Ag<)*.6HK), 
crystallises  from  boiling  water  in  long  needles. 

PAJKAPSCTZC  ACID  and  FARJlPSCTXir.      See  PRCTIO  Acut  and  Pectzk. 

PA3LAPBOSFBOKXC  ACXO.     A  name  of  dibasic  phosphoric  acid  (see  PBtts- 

PlIORUS,    UXYGIW-ACIDS    OF). 

PAJUlPZCO]bZVa.      C'"II"N»?      (Anderson,  Ann.  Ch.  Pharm.  Ix.  R6.>— A 

•  Nltrobrnaoic  add  (rraled  Id  like  maiiner  wtih  tin  »nd  hy'lrochlnrtc  neld,  jUldt  ih^  doubti*  sail 
C'H'^XOMtCl.Sn"t':i«.  wbch,  bj- iuccM»lvti  tre«tmeat  wilh  •ulphjdrlc  ncid,  ammnnta  und  arstic  add. 
TtiAf  be  cotiwcrt^nl  into  oxjh^niairic  acid.  The  (oiiv«r>1<in  of  nitrotipnioic  arttl  Inin  ox>h»-"iaintr  ftrU, 
tnay  alko  he  rffnrtrd  by  hydr'>chl'>nc  acid  and  line.  Nitrwirarync  (n.iraiiitrot»nioic)  cW  l(  not  ansd 
uiioiihy  itnr  Ktid  byclrociitorlc  acid.  (WUbrand  4nd  Btititvtn.j 
Vol.  IV.  A  A 
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hue  poylmcric  with  piccjUnc  (CH'N),  ubtainod  bj  treatiog  picoline  with  i  t« )  «^4 
Wftight  of  HOtlium  at  the  boiling  UcHi  for  several  dHyi,  traatiDg  the  brown  PP*i&n» 
tbeo^bj  prodacoH  witii  wnter.  which  iliw»olTe«  stxhi  and  lemres  a  beury  riscidoil,  \ 
ins  the  Ut4nr  vilh  mit^r.  distilling,  collecting  ap<irt  the  oil  which  p»wra  OTcruiSft 
hi^  termpeniture.  and  rectiiyiDg. 

Thc'  octioD  of  the  Btxliaia  in  the  convDnion  of  picoline  into  paraptooline  hju  aol 
exni'tly  made  out     A  large  portion  of  tbe  metal  remains  unalt^rtHl ;   |mrt  of  it 
ever  enters  into  com'-itiation,  probably  forming  the  compound  C*H*NaN  too  «nist4 
of  hydrogen  wns  hnwevf^r  obAerred),  which  is  subsequently  convert^  intu  fu^ab- 
line^  u  shown  by  the  equation : 

2C^«NaN     +      2IP0       -       C"H'«N»     +      2NaHO. 


PuttpicoliDe,  obtained  as  abOT-e,  is  an  oil  of  Bpecific  gruvity  1-077.  And  botUoff 
260°  and  316*^.  It  is  insoluble  in  wuter,  soluble  in  oil  proportions  in  alcobo^ 
and  oiIr,  and  has  a  peculiar  odour  different  from  that  of  picoline,  but  r*«e]nbtia^ 
of  the  bases  obtained  from  bone-oil  at  very  high  tempemtures.  It  bluee  reddened  loav^ 
is  partially  rennised  by  stiong  nitric  arid,  and  forms  with  cupric  ndphal^  an  MMfili 
green  precipitate,  the  green  scJntion  of  which  in  hydrochloric  acid  contains  a  6mhtt 
•alt 

The  mltfl  of  panpicolinp  are  for  the  most  part  uncrVRtalliBable.  Tbe  Ayrfrcdliw^ 
is  a  resin  easily  soluble  in  water. — The  vkioro-aurate  is  yellow,  amorphous,  not  d«eatt> 
poaed  at  the  boilinp  heat.— The pZofinwm-«j//  has  the  formula  C'*H**N'.  JPCI».Pt*^»- 
Mereuric  chi^/ndf  forms  with  the  alcoholic  mlutinn  of  pampicoline  ro  abunda&t  ew?^ 
precipitate,  insoluble  in  water  and  in  alcohol,  easily  soluble  in  hydro«?hloric  aiad.— Tw 
nitrate  remains  on  erapomtion  as  a  ayni]^  liquid,  which  slowly  solidifies  to  a  Baai  rf 
nsedle-shsped  cTTSt&ls. — Tbe  tulphaie  is  a  gammy  mass,  easily  soluble  ia  water,  Ua 
soluble  in  nleohof. 

VA&AHBOSSORBTZH'.    See  JaLAPDV  (iu.  438). 

VJUULSACcaikXOBS.     A  mu(li6cation  of  cane-sugar.  C'H'H)",  said  to  W  fw 

duced  under  certain  circumstances  when  a  solution  of  sng&r-candy  and  pbosphatrrf 
ammoninm  is  exposed  to  the  air  in  the  summer  seaaon,  be^reen  June  ana  ^eptembe. 
It  is  cryitallisable,  and  has  agrcatcr  dcxtro-rotutory  power  than  cane-eagar.  (V.  Jo4i^ 
CorapL  rend.  bii.  I2fi2:  Iv.  720;  Ini.  434  ;  R*p.  Chim.  app.  it.  38  ;  Bull  Sot  Cha. 
1863,  p.  93;  1864,  p.  276 ;  Jahresb.  1861.  pi  722:  1862.  p.  472  ;   1863.  p.  671) 

gARrtHAlbXCTlL.     Saficylid^!  of  Benzoyl,   C'*H"0«     -     C^^O^.CTHK);  ik 

called  iS/;mH.     (See  Sai.ictudes.) 

PAJULSXTE8.     Chntin  (Compt.  rend.  Ivii.  771 )  adduces  sereral  exsmpici «%i^ 

siw«m  to  tthow  thiit  p;ir:i»vHf*Hl  plants  pofweAs  the  power  of  altering  the  jnioe  of  tbeplott 
on  which  thry  grow.  Thus  miftletoc  ( KiVf/z/i  aJhum")  growing  on  the  oak  does  sit 
contain  a  trac^  of  qut-rcitaonic  acid ;  LoranfhtA  growing  on  Sfn/fhnos  is  not  poUODOOr. 
/fyt/nora,  a  partuiit'^  growing  on  African  hhtpkorhiacrff.  \»  nsed  as  food:  OroAffwJUdw 
not  exhibit  the  nnrcotic  properties  of  hemp;  and  the  re<l  juice  of  Ci/tinua  is  not  taVMi 
in  the  Ci-ftm  oil  which  it  gruw9.  Chstin  finds  moreover  that  Cytin^m  and  orofaaXKlii 
give  off  carbonic  acid  io  sunshine,  and  hence  concludes  that  phanerogamons  pamnn 
which  are  not  green -coloured,  alter  the  juice  of  the  motheT^plant.  On  the  other  hand 
green  perfect  parasites  {Vucum\  and  more  or  less  coloured  semi-parasites  {SleUm- 
pt/rum  arontae)  decompose  carbonic  acid  like  other  plants. 

PARASOKBZC  ACZ9.     See  SoBBlc  Acm. 

PAHASTIXiBITli.  A  leolite  from  Thyrill  on  the  Hvalfjordr  in  leelasd,  <■•• 
tainiug.  according  to  t.  Waltershaunen,  61*87  per  cent,  silica,  17'83alamina,  7'32  bm. 
S'OO  soda,  1*78  potash,  and  9*20  water  ( =  200),  which  may  be  represented  ^ppnea- 

mately  by  the  formula  MO,2.*^iO*+  A>0'.4SiO»+  3H'0. 
P/LRA8XrZiPBATAIiniSO».     8oe  StTLFHAKina. 
PAKATAKTASXC  ACZ1>,    Syn.  with  Rackuic  AoiD. 
PA&ATA&T&AMZBB.     Syn.  with  Racbiusudb. 
PABATARXRAXiXC  ACZB.) 
PARATARTBBXiXG  ACXB. 


':}  ^y""- 


with  RACzano  Aat>. 


PARATARTKO vxmc  ACXB.    Syn.  With  Ethtl-raoemic  Acio  (see  BAOue 

Ethers  I. 

PABATHIOWZC  ACZD.  An  Acid  isomeric  with  ethyl-sulphuric  acid,  not  kwm 
ill  tbe  tret>  state,  but  produced  as  a  barium-suit,  when  a  solution  of  barytic  etbyUa)- 
phate  is  boiled.     Tbe  liquid  then  beccmej*  turbid  and  acid,  depooiting  salfjtatt  ft 
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baritUD,  and  if  the  di>po!>tt  be  removod  and  the  filtrate  saturated  with  carbonate  of 
bariani,  a  crystallisable  barium-salt  is  obtained  huringthe  composition  of  ethylaulphate 
of  barium,  C'H'*Ba"S*0*,  but  distinguished  from  that  salt  by  not  decomposing  when 
it«  aqueous  solution  is  boiled.  When  calcined,  it  swells  up  like  the  isethionate  (iiL 
131),  but  at  the  same  time  gires  off  vapours  of  heavy  wine-oil,  takes  fire,  and  then 
bums  quietly.     (Gerhardt,  Compt  Chim.  1845,  p.  176.) 

VAXATO&DTSSnD  or  VJUtATOZtTTOXto  A  hydrocarbon,  isomeric  or  polymeric 
with  toluene  (hydride  of  benzyl,  i,  673),  supposed  by  Church  (Chem.  News,  Dec.  31, 
1869 ;  Zeitschr,  Ch.  Pharm.  1860,  p.  144)  to  exist  in  light  coal-tar  oH  It  boils  at 
119-5°;  toluene  at  1037°. 

^  VASB&IJCC  AGIO  or  FA&B&UV.  0*H*0* ?  (Schanck,  Ann.  Ch.  Fharm. 
Ut.  274.) — An  acid  soraetimee  obtained,  tt^ther  with  leoanoric  acid,  in  the  prepara- 
tion  of  the  latter.  The  lichens  may  be  exhausted  with  boiling  water ;  the  solution 
eraporated  to  dryness  after  boiling  for  some  time ;  the  residue  digested  in  boiling 
water,  which  dissolves  the  orsellinic  ether  (p.  236)  produced  by  the  mutual  action  of  the 
alcohol  and  the  lecanoric  acid;  and  the  undissolved  portion  taken  up  by  boiling 
■leohol.  The  alcoholic  solution  on  cooling  deposits  parellic  add  in  the  dystalliM 
form. 

Parellic  acid  forms  colourless  needles,  very  slightly  solnble  in  cold  toaUr,  soluble  in 
aieoMol  and  in  ether;  the  crystals  depcMited  by  slow  evaporation  are  usually  brilliant 
and  very  heavy.  The  alcoholic  solution  has  a  very  bitter  taste,  and  reddens  litmus ; 
watM  precipitates  the  parellic  acid  from  it  in  the  form  of  a  jelly.  The  crystals  give  off 
6'6\  per  cent  water  at  100°  and  the  dried  acid  yields  b^  analysis  607 — 61*8  per 
cent,  carbon  and  3'4  hydrogen,  the  formula  CH'O*  requiring  60  7  carbon  and  3*3 
hydrogen.    The  acid  is  perhaps  produced  by  the  metamorphosis  of  lecanoric  acid ; 
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Sehnnck  represented  parellic  acid  by  the  formula  C**IPO^. 

Fanllic  acid  melts  wnen  heated,  and  at  a  higher  temperature  gives  off  an  oil  which 
■olidiilea  on  cooling;  also  a  sublimate  of  long  needles.  By  prolonged  boiling  with  water 
it  yields  a  yellow,  bitter,  uncrystallisable  substance.  It  is  not  allied  by  boiling  alcokoi. 
It  is  decomposed  by  hot  nitric  aciti,  with  evolution  of  nitrous  vapours  and  formation  of 
oxalic  acid.  Acetic  acid  dissolves  it  more  easily  than  water.  When  heated  with 
Aostie  potash  it  swells  up,  and  is  converted  into  a  gelatinous  mass  which  gradually 
duaolvea,  and  the  solution  yields  with  mineral  acids  a  gelatinous  precipitate  of  parellic 
add.  But  if  the  alkaline  solution  be  previously  boiled,  it  does  not  yield  any  precipi- 
t^e  on  addition  of  an  acid,  bat  after  some  time  deposits  small,  shining,  octahedral 
etystals,  which  melt  in  boiling  water  before  dissolving,  are  easily  soluble  in  cold  alcohol, 
and  separate  again  on  evaporation ;  they  dissolve  tdso  in  caustic  baryta,  forming  a 
solution  which  deposits  carbonate  of  barium  when  boiled.  Baryta  and  lime  act  on 
parellic  acid  like  potash.  Ammonia  dissolves  less  of  it  than  potash ;  the  solution  when 
«Taporated  gives  off  ammonia  and  leaves  czystalline  parellic  acid ;  prolonged  boilings 
howerer,  is  attended  with  decomposition. 

FarelUc  acid  decomposes  carbonatte.  Its  alcoholic  solution  precipitates  cuprie acetate 
and  neutral  acetate  of  lead.  It  does  not  precipitate  nitrate  of  silver^  but  on  addition 
of  ammonia,  a  yellowish  precipitate  is  formed  which  is  reduced  to  the  metallic  state  by 
1»oiling.  An  aqueous  solution  of  parellic  acid  mixed  with  chloride  of  gold  is  not 
altered  by  boiling ;  but  this  salt  is  slowly  reduced  by  a  solution  of  parellic  add  in 
potaab. 

PareUate  of  barium  obtained  by  treating  the  add  with  baryta-water,  or  by  double 
decompoeition,  is  a  white  powder  insoluble  in  water.  The  copper-talt  is  a  yellowish- 
green  predpitate.  The  lead-ealt,  C'"H"'Pb'0»  (?X  is  precipitated  in  large  quantity  in 
white  flocks  on  mixing  the  alcoholic  solution  of  parellic  add  and  neutrcd  lead  acetate. 
The  alcoholic  solution  of  parellic  acid  also  forms  a  copious  precipitate  with  basic  acetate 
of  lead. 


I.  Crystallised  and  granular  hornblende  of  high  lustre  and  rather  dark 
green  colour,  containing  alumina,  iron,  and  magnesia ;  found  at  Pargaa  in  Finland  and 
at  Phipsbnrg  and  Patsonsfleld  in  the  State  of  M^e.    (See  Hojucblbcdx,  iii.  1 70.> 

VABIOm.  An  alkaloid  said  by  Winckler  (Buchn.  Repert  [2]  xlil  29)  to 
be  contained  in  China  Jaen^fueca^  a  dnchona-bark  imported  from  Para. 

VAmiBZV.  C^'«0«?  ("WalE,  Pharm.  Centr.  1841,  p.  690  ;  further  N.  Jahresb. 
Pharm.  xiii.  174.— Delffs,  iWrf.lx.  26.)— A  neutral  eubstsnce  extracted  from  theleavea 
of  Airw  jiMMiri/b^ta,  by  exhausting  them  with  water  containing  acetic  add,  truatiog 
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the  rmiiliie  with  ftleohol.  auti  the  Hlcoholic  extract  with  ether  to  reuiote  cUoropli^ 
ami  futty  mBttcn,  digoBtiiig  tlio  rraidne.  togf^ther  with  aniniAl  charvoft],  in  ■leobolof 
0-920,  filterinc,  removing  the  alcnhol  by  distilUfion,  drying  the  residue,  sod  ndiinlr- 
ing  it  in  bulling  wat«T.  Puridin  it  then  depomtefl  after  a  while  in  thia  dung 
laminm,  forming  when  dry  a  coherent  Ratiny  mau  (Walz)  ;  from  cold  dUnfee  aloibi 
it  cr^'Stallifiea  in  tufts  of  needles  (Belffs).  100  pta.  of  water  diaaolre  IJ  pt  pui4ia; 
100  pts.  alcohol  of  94-6  per  cent,  dissolve  2  pta.;  and  100  pta.  of  ordinaiy  a|iJnt 
disfluWe  6  pta  It  gives  off  68  per  cent  water  at  100°.  The  dried  anbetaaee  eontu^ 
according  to  L.  Omelin,  «'S5*51  per  cent  carbon,  and  7*78  per  oeat.  hTdnogen,  agnciaf 
nwirly  with  the  formula  C*H'»0*.  which  requires  66-39  per  cent,  earboii  and  7<l 
hydrogen.  Delfifti  gives  the  formula  Ci*H"0>;  WaU  in  hie  last  commnniffatinB  waapt 
to  paridin  the  formula  C"H**0'*. 

Paridin  is  immediately  coloured  red  br  strong  sulphoric  or  phomhorie  acid;  < 
posed  by  hot  nitric  acid ;  dissolved,  without  cw>ration,  by  hydrochloric  acid ;  i 
posed  by  potash. 

PAmZBOlb.    C*^«*0*.— A  substance  formed  together  with  glncoae  }rj  boiEif 
a  solution  of  paridin  in  hydrochloric  acid  with  dilute  alcohol  (Wala)  : 
C"H»^»«     +     HK)       -      C^'K)*     +     C?^>«0«. 
VAXZBTZC  ACZS.    The  name  given  by  Thomson  to  the  acid  mmtihiri  k 
Parmelia  pariitina^  afterwards  shown  to  be  chiysophanic  add  (i.  96B)m 

PAXZBmr.    Thomson's  name  for  the  yaUev  colonring  matter  ot  Armdh 
fMruHna,  which  is  identical  with  usnic  acid  (q.  v.). 


I     Syn.  with  Salszpabdi  or  SiPLAonr  {q,  «.)• 


9AMXB  B&tra.  This  name  is  sometimes  used  to  deeignate  pure  FknnuB  Vtm 
(ferric  ferrocyanide),  (it.  227).  but  has  lately  been  applied  to  a  rexy  pore  hii|^t  hiM 
colour  obtained  by  heating  aniline  with  stannic  chlonae. 

PA3Ua  KAKB.    Syn.  with  CABUurB-LAjCB  (i.  804). 


A  name  sometimes  applied  to  very  finely  divided  and  eucM^ 
prepared  ferric  oxide,  used  for  polishing  optical  glasses,  daguerreotype  plAt«%  gold  lad 
silver  omamentf),  &c. 


MutsoniU. — A  mtnenil  from  the  emerald  mines  of  the  Moho  YaDcy, 
New  Granada,  consisting  of  the  carbon<Lt«  of  cerium,  lanth&Anm  and  didTminm,  with 
fluoride  of  cerium  and  calcium.  It  is  found  crystallised  in  elongated  donble  wc-«idid 
pyramids  with  trancatfd  apex ;  basal  angle  161°  68' ;  pyramidal  angle  120°  S4'.  Ckl^ 
age  basal,  very  perfect.  Hardness  -  4*5;  specific  gravity  »  4'S5.  It  has  aTit- 
reous  lustre,  pearly  or  resinous  on  the  cIesvBge-&ces,  and  a  brownioh-jeUov  eolffv: 
streak  yellowish -whit«. 

Analyses:  a,  A,  by  Bunsen  (Ann.  Ch.  Pharm.  liil  147). — e  bj  H.  DeTille  aad 
Damour  (Bull.  8oc.  Chim.  1864,  ii.  339). 

CO*  (>0        DiO       1^0  CaO       MnO       CsF*         CtF*        H>0 

a.    23-61  69-44  3*17       .  .       11'61         .  .         2-38     »    IWm 

6.    23  64  60-26  316       .  .       10-53        .  .         3*42     ->    100 

c.   23-48        42-62    9-68    8^        286    trace    1010        2-16    ttmce    —      M-91 

2Ce) 
The  last  analysis  may  be  pretty  nearly  represented  by  the  formula  ^Di  >  C^O'.(Oa;Ge)F', 

which  requires  2461  CO',  4027  CeO.  1044  DiO.  1044  LaO,  and  14-54  CaF«. 

PAJtlBTfPHMXJr,    C»H«'0"?  (Walz.  N.  Jahrb.  Pharm.  xiiL  366.>— A  bitts 

substance  contained,  together  with  paridin,  in  Paris  quadrifolia^  and  prepared  ttom  the 
mother-liquor  of  tliat  substance  by  precipitating  with  tannic  acid,  separating  the  tisne 
acid  from  the  rasulting  x%sinous  precipitate  by  means  of  lead-oxide,  and  pnii^ugdit 
bitter  substance  from  still  adhering  paridin  by  repeated  solution  in  water,  andoon- 
ceutration,  the  paridin  then  cryst^dlising  out.  Paristyphin  is  thus  obtained  ae  an  as- 
orphous  mass,  which  is  r^'solved  by  boiling  with  water  into  glucose  and  paridin; 

C"H"0'»     +     2H*0       =      C"H»^><     +     OTI**0«. 
PAXMB^XA.     See  Lichens  (iii.  687).— 7Vrm^/ta  eeratopkyUa  Tar.  fikfmim 

ilso  calle<l  Parmrita  phjfsodfs^  contains  two  neutral  substances,  physodin  aad  Mr* 
tophylUn  (see  pHTSODisr). 

P  ft  BOTTriWD  and  PAmiCSL>>-TaXi&OW  are  colouring  mattcts  eontaiBal 
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in  Vamulia  parietina.    The  latter  U  chieflj  chryiiophaDic  acid,  and  the  former  appoan 
to  >>e  produced  from  it. 

VAXTBBVZC  A.OZI>.  Tho  name  nven  by  Peri'tti  to  the  acid  which  forms  in 
diatilleU  chamomile  wat^r  after  long  keeping.  It  is  said  to  form  a  crystalline  calcium- 
•alt 

VAXTZHOa  The  separation  of  gold  from  silver  by  means  of  nitric  acid  (ii.  929, 
03'i). 

WAMVTVm   BTATB   OF   JOBTAXA*     See  Electbicttt  (it  430). 

VASTS  or  8TKA8S.  A  kind  of  glass  UHed  in  the  maniifaotnre  of  artificial 
gems.     See  Glass  (ii.  841);  also  Vn^9  Dictionary  uf  Arta^  &c.  (iiL  407). 

VASTZVACZWB.  A  peculiar  substance^ probably  an  aUcaloid,  said  byWittstein 
(Bnchn.  Bepert.  xviii.  15)  to  exist  in  the  seeds  of  the  parsnep  {Pastinaca  tativa). 

VASTO-XaSZV.  C"HH)'. — A  resinons  substance  of  unknown  origin,  imported 
from  South  America,  where,  according  to  Boussingault,  it  is  used  by  the  Pasto 
Indians  for  vamuihing  wood.  It  is  viscid  and  capable  of  being  extended  into  very 
tenacious  films,  which  gradually  harden  without  becoming  brittle.  It  is  destitnto  of 
taste  and  smelt,  has  a  vitreouH  fracture,  and  is  heavier  than  water.  When  heated  above 
100°,  it  becomes  elastic  like  caoutchouc,  takes  fire  and  bums  with  a  smOky  flame. 
Alcohol  and  ether  extract  from  it  a  small  quantity  of  green  resin,  and  leave  a  strongly 
tnmefied  mass,  perfectly  soluble  in  caustic  potash.  Oil  of  turpentine  does  not  actui>on 
it;  strong  sulphuric  acid  dissolves  it  without  decomposition.  (Bonsainganlt,  Ann. 
Ch.Pharm.lvi.  217.) 

VATCB0173U.  Paehupat  or  Patacha'pat. — The  herb  of  Pogoatnnon  Patchoufi,  L., 
a  labiate  plant  indi^nous  in  the  East  India  Islands,  and  employed,  on  account  of  its 
{mngent  odour,  like  that  of  CHenopodium  anthelminticum,  for  preserving  fur  from  the 
attacks  of  insects;  also  in  perfumery.  When  distilled  it  gives  off  about  2  per  cent  of 
Tolatile  oiL     It  also  contains  tannin  and  a  green  odorous  resin. 

The  volatile  oil  of  patchouli  is  brownish-yellow,  somewhat  viscid  like  olivB-oil,  has  a 
l^}eciflc  gravity  of  0*9554  at  15*5°,  and  yields  at  257^  a  hydrocarbon  resembling  oil  of 
eabebs ;  the  portion  which  boils  at  a  higher  temperature  contains  the  blue  substance 
called  ccerulein  (see  Oils,  VoiATaE,  p.  165).  For  the  refractive  power  of  patchouli- 
oil,  see  the  table,  p.  186. 

VATZWA.  Antike  patina^  Patina  antique,  or  Patina  vertf.— These  names  are 
applied  to  the  hard  green  or  blue-green  deposit  of  cupric  carbonate,  having  the  com- 

positi<m  of  malachite  (Cu'CO*.H*0)  which  forms  on  copper  or  bronze  that  has  beci 
exposed  to  moist  air  for  a  long  time,  or  has  lain  for  years  underground.  It  is  imitated 
artificially  by  wetting  the  suHace  of  the  metal  with  dilute  solutions  of  acetic  acid, 
nitrate  of  copper,  sal-ammoniac,  salt  of  sorrel,  &;c.,  and  exposing  it  to  the  air.  That 
the  deposit  may  have  the  requisite  hardness,  it  must  be  forme<l  slowly,  and  hence  it  is 
necessary  to  use  dilute  solutions.  (See  Handworttrbuch  d,  Chemie^  vi  100.) 
r  AT&UI  XT JL     Syn.  with  Aciccute. 

VAVXZra.  A  variety  of  hypersthene  from  the  island  of  St.  Paul,  on  the  coust  of 
Irfibrador.  Specific  gravity  3-389.  Contains  51*36  per  cent,  silica,  0-37  alumina, 
Sl-31  magnesia,  2127  ferrous  oxide,  1*32  manganous  oxide,  and  3*09  lime  (b  98*72). 
(Damour,  Ann.  Hin.  [4]  v.  147.) 

VAinonrvXA  nCFBSZAUCS.  A  colouring  matter  has  been  obtained  from 
the  capsules  of  this  plant  by  Belhomme  (Compt.  rend.  zlviL  214) ;  but  no  particulars 
have  been  published  respecting  it 

VAVXBTZir*  fVax^^m(ii.  707). — ^According  to  recentexperiraents  by  Boob  led  er 
(J.  pr.  Chem.  xe.  433),  this  substance,  produced  by  the  d^omposition  of  paviin  from 
norBechestnut  bark  {vid.  inf.\  has  the  composition  C"H"0^  It  has  a  lemon-yellow 
colour,  becomes  straw-yellow  at  120^,  and  is  converted  by  sublimation  at  200°  into  a 
ausB  of  woolly  crystals.    It  has  an  acid  reaction  and  combines  with  bases. 

VAVZZV*  Fraxin  (ii.  708). — This  substance  is  contained  in  that  portion  of  the 
precipitate  formed  by  neutral  acetate  of  lead  in  the  aqueous  decoction  of  hursechettuut 
bark,  which  is  soluble  in  water  contiininp:  acetic  acid.  Its  composition,  as  deterniiiu-d 
by  analysis,  is  0«H"0"  =  4C"n"0'MI»0.  When  heated  in  a  stream  of  carbonic 
anhydride  to  150^  it  becomes  anhydrous  (more  quickly  at  200^),  and  has  th<n  the 
composition  C**H'H)".  Paviin  at  117**  is  pale-yellow,  amurj^thuus,  ea.sily  friable  and 
•till  contains  water ;  it  melts  at  190°.  When  recryntallisiKl  from  hot  ah-ohul  it  is  -  uro 
white  and  gives  off  its  water  between  110°  and  113**.  By  boiling  with  dilute  acids,  it 
is  resolved  into  ghicopo  and  p;ivictin  or  fraxitin.  according  tu  the  itjuatiou: 
C'»H"'0'«     +     H-O       =       C'-H'O*     +     CU'=0\ 


358  PEA— PEAKL. 

accoz^ing  to  whicb,  100  pU.  paviin  should  yield  56'6  pta.  pftTietin ;  the  ^ouitity  lonnd 
was  66*2.    (Bochl«der,  loe.  eii.) 

VBA*  Pisum  sativum.— T}m  composition  of  the  seed  aitd  strav  of  tikis  plant  bai 
been  investigated  by  seTeral  chemiBta. 

The  following  determinatiooa  of  the  nitrogen,  fat,  ash,  and  water  in  freoh  pea  atdi 
am  by  Ward  and  Eggar,  made  nnder  Way's  directioD  (Agr.  Soc  J.  ¥oL  x.  pC  3; 
Jabresb.  1849,  p.  708): 

Nitrogmi        Fac  Wtttr 

per  criU.    per  ccaC     perccsL 
White  or  garden  peas,  grovn  on  clay  soil       .        .        •         367         1*01         15*40 
White  or  garden  peas,  grown  on  sandy  soil    •        •        •        2'97         .    .  13*60 

Grey  or  field  peas,  grown  on  clay  soil    ....        3*47         I'M         16*60 
Grey  or  fleld  peas,  grown  on  sandy  soil  .        .        .         3*28         1*04         16*40 

Foggiale^J.  Pharm.  [3]  zxz.  180,  265;  JahrwK  1856,  p.  806)  found  in  eoiUBon 
green  peas,  dried  and  shelled,  57*7  per  cent  starch,  dextrin  andsogar,  21-7  nihogeoois 
substance  (legumin),  1*9  &tty  matter,  2-8  ash-oonstitueuU,  32  celluloae,  and  127 
water. 

W.  Mayer  (Ann.  Ch.  Fharm.  cL  129;  JahzesbL  1857*  p>  637)  ham  nude  ths 
following  determinations  of  the  water,  pho^ihoric  anhydride,  nitrogaa  and  ash  ia 
garden  and  field  peas : 

Ah-drM.  Dried  sobrtum. 

B*0.  FBO».  K.  MA, 

Selected  peas  from  the  garden  of  the  AgrienltunJ 

Society  at  Munich 9'58         1*458        4*87         3*45 

Bohemian  field  peas 8*99         1-408        4*81 

Field  peas  from   Schleissheim,   Upper  Bavaria 

(calcareous  soU) 13*62         1*026         4*25        2*91 

The  shells  of  peas  weigh  from  0*8  to  1  per  cent  aa  mud  as  tha  se«d.  Tha  wtigbt 
of  straw  is  about  2*7  times  as  mach  as  that  of  the  seed,  or  27  pts.  seed  to  73  pt8.stn« 
in  100  pts.  of  total  weight  (Schwerz).  100  pts.  of  pea-straw  contain  12  pta.  nitrogn- 
ons  matter,  21*9  matter  soluble  in  potash,  47'6  per  cent  non-axotised  matter  insAlnfab 
therein,  60  ash,  and  12*0  water. 

Way  and  Ogaton  (Agr.  Soc.  J.  vol.  rii.  pt  2;  Jahresb.  1849,  p.  673)  fSownd  is 
peas  of  Tttrious  kinds  (air-dried)  from  13*6  to  17'5  per  cent  water;  utd  the  peas  drifd 
at  100°  were  found  to  contain  0-25  to  0*372  per  cent  sulphur,  and  2*39  to  2*68  p« 
cent  ash. 

In  the  straw  of  garden-peas  (air-dried)  the  same  chemists  fomid  16*38  to  16-64  mt 
cent  water;  that  of  white  peas  dried  at  100°,  yielded  8*92  to  9*40  per  oent.  aah ;  thil 
of  grey  peas  6*6  to  7*5  per  cent. 

The  composition  of  the  ash  of  peas  and  pea-straw,  as  determined  by  Way  and  OgiU% 
is  giren  in  the  table,  p.  359. 

The  ash  of  pea-straw  has  also  been  analysed  by  Hertwi^  with  tha  fiiltoBBf 
H  results: 

M  a.  Pea-straw  from  Dudentadt ;  b.  from  Thnringen. 


m.         «. 

m. 

6. 

Carbonate  of  Potassium    . 

tl\  - 

Magnesia 

4*0 

H 

Carbonate  of  Sodium 

Phosphate  of  Calcium 

M 

1*1 

Sulphate  of  ^Potassium 

10*7     12*0 

Phosphate  of  Magnesium . 

4*4 

7-S 

Chloride  of  Sodium 

4*6       3*7 

Silica        .... 

7*8     16-6 

Phosphates 

SI 

3*6 

Carbonate  of  Calcium 

47-8     49-7 

98-9 

19*1 

For  numerous  other  analyses  of  the  ash  of  peas  and  pea-straw,  mad«  chiefly  at  the  is- 
Btigatlon  of  the  Prussian  Agricultural  College,  see  Liebig  andKopp's  Jahresberidii^ 
2.  1074,  Table  A.  Kos.  5,  6,  7.  8,  10. 11 ;  and  iL  656,  Table  B.  Noa.  1— SX 

VBACB.    See  Fbtit  (it  715). 


VSACOOX  COrraa  OXB.    Syn.  with  FuBFLn  ConxB.    (See  CoiviB,  QvSr 

THZDSS  OF,  ii.  78.) 

PBAJUb.  A  highly  prized  spherical  concretion  found  within  the  shell  of  the  pesri- 
oyster.  These  mollust^  are  subject  to  a  kind  of  disease,  caused  by  the  introdnctton  cf 
foreign  bodies  within  their  shells.  In  this  case  the  inner  layer  of  the  shell,  tiis  boUmt- 
of-pearl  (p.  322),  instead  of  being  spresd  in  thin  layers  on  the  inside  of  the  sbrfl. 
accumulates  round  these  particles  in  concentric  layers,  forming  pearls.  These  eooo^ 
tions  consist  of  carbonate  of  calcium  interstratified  with  cellular  membrane.  Tliey  fasrs 
a  bluish-white  colour,  with  considerable  lustre  and  iridescence.  The  most  riXwMt 
pearl  fisheries  are  on  the  coast  of  Ceylon,  and  at  Olmutz  in  the  Feniaa  Gall 
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VAASXr-ASH.  Fartiallj  purified  CArbooate  of  poUMiuxD,  prepared  from  tii«  aka 
of  pUntA  {affd  CAKBOHJiTxa,  i.  790). 

VSASX-MZOA.    Syn.  vith  MiROAsm. 

VKA.R&-SZ>mCB.  or  FevriU. — A  Tari6tj  of  opal  occurring  In    the  cartSui  tf 

Toli'ttiilr  lul\i  (Ste  (M'AL,  p.  204). 

PXAKXr-SPAS.   Thi9  nutnc  is  applied  to  rboinboh«dral  cryMaJlisatioDS  of* 

(muciiesi'i-.'ul.ML'  LMrbonut*^)  hunng  ctin'e.1  1ncv%  and  a  pcnrly  luhtre  ;  when  thi 
are  uot  currwl,  ami  hare  n  lirr»wn  or  rc<liliiih*brDini  coloar,  xhery  jlt^  railed  hrtmm 
the  lutler  vuriciy  coauiUH  from  6  to  10  |>erceat.  oxide  of  iron  or  manganese. 

VEASXr-BTOlTB.     A  feUparhic  mineral,  huTing  a  pearly   IndfTc, 
^nhf-rulfs  or  splieroid&I  coucrelions.     Specific  gruTitY  *1''S   to  2*4.      A  apedaea 
Hiingitn-  analysed  by  Krdraann  giiTp  TlWl  per  cent,  silina,  I2't>6  alonmiiL  175 
uxidc-,  1-30  liiue,  110  maguesla,  6*13  potaah  and  soda,  uod  3-UO  wmter  (*  9d-J0>. 

VKAJBTOW  or  VZSOX*ZTB.  A  calcHreoos  rock  consisting  of  sphtrieal  pirn 
like  uoiite,  but  differing  therefroin  by  the  Uiger  size  of  it«  partidefl^  which  ore  rniipiai4 
of  conceutric  laminB. 

PSAT.     7Vr/;  TburV. — This  product  of  the  nitaral  altrretion  of  pUnt- 

of  frequent  occurrence  in  plac«fl  whore  tho  presence  of  itagnant  water  or  a  T«vy 

atmosphere  and  certain  other  conditiona  have  favoured  the  growth  of  mafl>««  aod  ramfc 
plantfl,  together  vrith  certain  kinds  of  graas,  heath,  &c.  The  remaina  of  these  pUiif% 
^rudually  accumulated  and  chemicallT  altered  to  a  g:renter  or  less  extent,  often  cocwti* 
tute  beds  of  considerable  extoot,  varying  in  thickneas  from  a  frw  inches  to  nMny  fM. 

There  are  many  kinds  of  peat,  prettentingvery  gr»^t  diversity  in  their  texturcv  coImi^ 
and  moet  otlier  churnctera;  Borao  varietiea  cousift  almcwt  eutirvly  of  witberrd  rvoMM 
of  plants  which  liave  undergone  but  little  olterattoD  i^xcept  mechanieully;  iu  other  «■»• 
tie*  the  organised  Ktrueture  of  the  plant  pemiiinii  more  or  legs  (llstiiicf.ly  ivrogimi^ir, 
and  in  other  kinda  there  ia  no  ubi-ioua  indication  of  plant-^tmcture  remaining.  IW 
of  the  former  kind  is  generally  of  a  pole  yellowi»h -brown  colour,  vwy  bulky  and  w 
tenlive  of  water;  wlien  dried  it  ia  very  light  and  spong;)*.  aomewhat  resembling «^ 
prewed  hay,  and  its  spet^iflo  gravity  ia  often  as  low  as  0  25.  Peat  of  the  laSier  kb4 
on  the  contrai^t^s  either  black  or  dark  brown,  nnd  in  its  natural  state  bos  a  d^ty 
consistency  vilhout  any  fibre,  so  that  it  can  sometimes  be  wrought  into  tiles  or  pipM 
for  draining  purposes ;  when  such  peat  is  dried,  it  shrinks  considetr&ldy,  aiui  bmotis 
denser  than  water,  very  good  kinds  having  sometimes  a  specific  gravity  of  1*2^  Ije- 
tween  these  two  extremea  numerous  intermediate  kinds  of  peat  are  met  with.  In  IM 
uatUDil  state,  peat  ia  always  mechanically  mixed  with  a  very  lai^  proportion  of  wmlff; 
Torying  from  eiKhly  to  upwards  of  ninety  per  cent  by  weight,  the  tibruus  kinds  alirris 
containing  the  largest  amount  of  wuter.  When  the  water  is  separated  by  drying  tiki 
peat  in  thin  slice:*  in  the  nir.  a  quantity  still  remtuns  which  is  not  separable  by  ai^ 
drying,  and  amounting  gencnUly  to  15  or  30  per  cent,  nf  the  air-dried  nmterial 

Tha  large  amouut  of  wulrr  mixed  with  peat  in  its  untnrai  state  is  the  mtnt  seriovf 
obstacle  to  the  useful  application  of  thi^  raiiterial  upon  any  extensive  scale,  as  fur]  asti 
for  other  purposes,  for  the  practical  difficulties  of  m-pjirating  this  water  by  air-«ifTiag 
rapidly  increase  in  pro[x>rtion  to  the  extent  upon  which  thepejil  is  collect <m1  Thchjjpo- 
Bcopic  wfltpr  still  remaining  in  nir-dried  peat  is  also  higlily  prejodioinl  to  its  utiliTT 
OS  fuel.  Heuce  it  is  that  wherever  coal  can  be  obtained  at  a  modi^rute  cotit^  not  et> 
ceeding  ton  fihilliuga  poi  ton,  it  in  impossible  to  use  peat  un  fuel  with  ndviuitAge,  a&4 
it  may  bo  preferable  to  use  coal  even  where  it  oosta  a«  much  as  twenty  shillingi  p* 
ton,  when  the  peat  is  far  distant  ^m  the  place  where  fuel  is  required,  inasmtidi  u 
the  carriage  of  pent,  which  has  a  much  smaller  fbel-Titlae  than  coal,  will  of)en  make  its 
coet  equal  to  that  of  an  equivalent  quantity  of  couL     (See  Fttbl,  ii.  723.) 

The  composition  of  dry  peat  presents  differences  us  great  00  those  existing  betWNB 
the  several  kinda  in  other  respect*. 

The  amount  of  ash  in  pcut  is  very  niriaMe,  as  will  be  seen  from  the  following  tahla, 
and  therr  ore  equally  gn-at  differencfa  in  th^  composition  of  theae  osbes.  It  is  veiy 
mrely  thnt  the  composition  of  peat-asli  is  mch  as  to  admit  of  the  opinion  that  it  repr^ 
sents  merely  the  mineral  constitoenta  of  the  plants  from  whose  remain?*  the  peat  has  b««D 
formed.  In  moet  cases  a  large  portion  of  this  ash  is  rcferriblo  either  to  mere  mf- 
chiinical  admixture  of  earth,  or  to  the  deposition  of  mineral  subetancoa  from  wat.T 
permeating  the  peat,  and  consequently  the  composition  of  ihe  afnh  ia  much  influenced  hf 
the  nature  of  the  prevailing  roekt  in  the  neiglibonrbood  of  peiit-<lc{»o8its,  or  eoch  parta 
of  those  rocks  as  are  carried  awny  either  mechanically  or  chemically  by  the  actiuD  <i 
water.  The  permeation  of  peal  by  wuter  probably  exercises  a  further  influence  in 
aUering  the  composition  of  its  mineral  or  ash  constituents,  by  abstracting  oertain  sub- 
stance*, in  virtue  eithe?  of  a  kind  of  dialysis  or  of  chemical  reaction.     8ach  being  the 
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c,  the  composition  of  peat-Mhet  and  the  oature  of  tTie  chimges  ihey  hare  Dndei^ue 
IwuaUl  be  dfienniaed  maiuljr  hy  local  conditiooai  and  in  tbU  way  iiic  great  divenitjr  uf 
ompoailioD  vhich  is  found  to  pxi.tt  md>  be  to  Rom^  extent  uccotint^d  for. 
Wh^n  nir-flried  peat  »  exposed  to  a  temperature  of  100°  C,  it  generally  1o*m  from 
Pl6  to  30  ptr  ct-Dt.  uf  iti  weight,  i-onai^tin^'  chiefly  of  bygrofloopic  water;  btit,  according 
to  Mnrsilly,  some  decompOHttion  takes  pluce  even  at  thnt  leinp^mture,  and  Tulittile 
priHlurts  oontaininc  curbon  and  hydrugea  are  evolved  in  Htniilt  quantity.  At  higher 
trmpiTatures  p<nl  i«  entirely  dccompu»ed,  yielding  the  ordin»rv  product*  wf  Hry  or  de- 
atructivB  diMilliilion,  vis.  gu8,  tar,  a  watery  liquid,  and  a  carl^uout't'ous  residue,  Tiiwe 
pruilucta  a  III  tlitir  eoiialituenta  are,  in  their  general  chanuter,  iulenuediaio  l>etwern 
thtt  aualugouu  produots  obtained  under  aimiltir  eoaditiou»  from  wood  and  (rt-tm  biln- 
minous  niiui*mlf*,  their  relative  amotint,  clieuiical  nature,  iScc.,  being  dependent  npon 
the  t(*mpemture  at  which  the  decomposition  takea  phuv,  as  in  all  othrr  caaea  of  destrue- 
live  di.-4idluliun.  The  Kev^ral  producta  of  the  diHtiUation  of  peut  alao  vary  to  aomo 
extent  iKith  in  quantity  iind  quality*  according  as  the  peat  approxirmitea  more,  on  the 
one  hnnd,  to  un;ihere<l  wooti,  or  on  the  otiicr  hand  to  coal,  just  in  the  >aint'  mannc  r  aa 
there  are  simlliir  diffcrencea  of  degree  between  the  products  of  difitrent  bitaminoiu 
minexala, 

Covposmon  or  Pbat. 


Water 

Perc^utaRc  coropujition  of  |*eat  dried  ai  I'lO©  C. 

Bj>rctfic        in 

gravitj. 

aIr-«U!#d 

C*r\»a. 

urogm. 

OiygBD. 

geo. 

Mb. 

Aatlwrltr. 

Cappog6     . 

, 

^ 

filOo 

6S6 

39-66 

2-66 

Kane 

Kihx'ggan . 

> 

. 

6104 

667 

30-46 

1-83 

Kilbaba      . 

,      , 

* 

61  13 

6-33 

34-48 

8-06 

Phillipatown 

0-405 

•      • 

58  09 

097 

32-88 

146 

1-99 

Sullivan 

0-609 

. 

60  48 

610 

32-56 

0-88 

330 

and  Gagea 

0-335 

. 

69-02 

6-61 

32-22 

1-26 

274 

(f 

Wood  of  Allen 

0-639 

to 
0-672 

}•   • 

6102 

6-77 

32-40 

0-81 

7-90 

•» 
It 

DcTon 

0-850 

25-50 

64  02 

6-21 

2817 

2-30 

973 

Vaax 

Inland  of  Lews   • 

M30 

23*20 

6000 

6-90 

30-00 

1-30 

190 

Paul 

Br^lea       . 

0 

217 

4680 

666 

4M6 

6-40 

Marcilly 

314 

47-48 

7ia 

36-06 

900 

tt 

Thiay         .         j 

307 

60-67 

6-76 

86-96  1      1-92 

6-70 

ff 

7-20 

43-66 

679 

36-66 

14-0O 

t( 

Bourdon      . 

6-55 

4760 

6-01 

39-30 

700 

M 

Camoo 

6fi9 

4011 

699 

35-971     2-63 

9-40 

n 

Rieracncotirt 

1-81 

12-99 

222 

19-31 

6601 

tt 

Vulcaire      . 

. 

67  03 

663 

29-67 1     2-09 

6-68 

Regnault 

Loug 

,     , 

6809 

5-93 

31-37 

4-61 

tf 

Vramont     . 

•     • 

67-79 

6-11 

30-77 

6-33 

Friealand   .         j 

-     • 

6716 
6986 

6t^6 
6o2 

33-39 
33-71 

3-80 
001 

Mnl'iier 
ti 

lloUnnd      . 

•     • 

60-85 

4-65 

30  25 

1426 

tt 

Rummsloin 

16-7(} 

6215 

6*29 

27-20       1-66 

2-70 

Walz 

.Sleinwenden 

16  00 

6760 

6*90 

31-81       1-76 

2-04 

t« 

Jfiede-rmoor 

17  00 

4730 

■80 

-t2-80 

350 

fi 

f 

16-70 

60-13 

4-20 

3 1-44 

8-92 

Baer 

Pruaataa     .        < 

to 

I 

21-70 

6501 

6-36 

35-24 

11-17 

It 

f 

1703 

66-43 

6-32 

38-35 

»-K6 

Jaekel 

Hayel       .         < 

19-32 

6361 

6-90 

40-59 

6-60!         „           1 

I 

18-80 

63-31 

6-31 

41-38 

680 

H 

LJaum 

31-34 

6943 

6  26 

3531 

1199 

If 

Huraburg   , 

18-83 

67-20 

6-32 

37-66 

2-31 

t* 

Bremen     .          ! 

.     . 

67-84 

6-85 

32-76 

0-1)6 

2-fiO 

Breuninger 

. 

67-03 

666 

34  16 

1-67 

1-67 

*• 

Schopfloch  . 

2000 

63-69 

6-60 

30-32 

2-71 

8-10 

Keaslerand 

Sindclfiugen         j 

is-no 

45-44 

6-28 

2621 

1-46 

21-60 

PetATBen 

1800 

38-72 

424 

25-89 

0-88 

30-60 

fi 

f 

1177 

4675 

3-67 

26  87 

067 

099 

»■ 

Badea         .         < 

«    • 

to 

\ 

18-55 

6079 

7-10 

49-01 

6-33 

1476 

•• 
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AjTALTSBfl  or  Pbat  ASKKa. 


' 

Dutch. 

Scotch. 

Amm\tMo. 

B« 

•art«o. 

trUh. 

Autborllr. 

Andvrion. 

Jokuoo. 

WMffncr. 

SulUvaa  and  G^»  1 

FoUah        . 
MagnesU   . 
Tiime          « 

Alumina    . 
Fpiric  oxide 
Phosphoric  acid . 

M 

1-2 
4-5 
11-7 
2-9 
6-3 

04 
12 

307 

0-4 

V3 

1-8 

12-6 

06 

07 

60 

40-6 

6-1 
0-5 
S-fi 
01 
8-2 

317 

0-8 

4-0 

366 

81 
07 
10-4 
04 
1-4 

373 

0^3 

0-7 

0-9 

112 

28-4 

46 

0-9 

2-6 

trace 

12-3 

10 

87-2 

0-679 
0-347 

1-256 
46  681 

0  129 
16-974 

0188 
44-371 

Ha  0-337 

1043 

16-120 

2-6-53 

l-«7 
oa«! 
33M 

261IJ 

4-I»0 
11-591 

liei 

13401 
l-SM 
0-MO 

136U 

23-»l» 

Sulphuric  add    . 
Chlorine    . 
Silica 

CMxbonic  acid     * 
Sflnd,  dUy,  &c.   - 

«-7 
1-6 
V-8 

fiVfi 

6-6 

606 

20 

01 

81-6 

»9e78 

M^l 

The  chemical  nutiire  of  the  chanse  by  which  peat  has  been  prodaoed  from  plant-i*>  I 
naiiu  u  probably  Tciy  SLniiliir  to  that  by  which  bitamiooiu  mincrala  baTo  been  foroicd  j 
from  anaXogooA  materials.     It  coosi«U  chiefly  io  elimiiiation  of  oxygen  and  hyJiciy  I 
iu  the  proportion  to  form  water,  alM  of  oxygen  and  carboo  in  the  proportion  to  fina  I 
carbonic  acid,  and  of  hydrogen  and  carbon  in  the  proriorlion  to  form  nmnh  gaaaai  ' 
pnrhAps  other  hydrof^arhonM,  the  main  ft>atnro  of  thin  change  being  the  incr<ea««  in  ti»  . 
amount  of  carbon  in  the  rt^tduid  substuncc.     Hence  the  eompoaition  of  diAaent  Idadi  | 
of  peut  Tiirjcs  in  proportion  to  the  extent  to  which  thia  altrrutiou  nuy  have  adfwievt  I 
ana  peat  which  faju  been  littJe  alt«red  will  poeseas  a  compoeition  more  or  ]eca  mopnm-  < 
mating  to  that  of  ligneoaa  tiama  or  of  wooo,  while  those  kinda  which  bare  anonne 
greater  alteration  will  poeeeas  a  composition  approximating  more  to  that  of  co^  or 
lignite,  or  other  bitamioous  minerala,  according  to  the  conditions   under  which  tiiii 
change  baa  taken  place.     The  phyiical  characters  of  peat,  anch  lu  texture,  colcmr,  6tt- 
Kity,  sc.,  also  bear  a  similar  relation  to  the  degreo  of  chemical  alteration   which  hie 
bt>i*n  reached,  the  fibrous,  light  coloured,  spongy  kinda  being  moat  Mmiiar  to  wood  ia 
composition  aa  well  as  most  unlike  coal  or  lignite,  &c.,  while  on  the  contrary  the  rom" 
pact,  ilu,rk  coloured,  dense  varieties  of  peat  often  resemble  lignite   and  some  kinda  of  | 
coul  in  compoaition  as  WfU  as  iu  their  pbyaical  characters.     It  is  indeed  pn>l>able  thit  I 
peat  may  be  regarded  as  a  sort  of  intermodiate  product  of  the  same  general  mode  d  ' 
alteration  by  which  coal  and  oth"r  bitnniinous  miuerala  hare  been  formed,  and  that  if 
depoaita  of  peat  were  placed  under  conditiona  such  aa  those  in  which  coaI,  ftc,  have 
been  pxoduced,  the  peat  might  in  procesa  of  time  become  converted  into  ooaL 

B.  H.  P. 

vacTASB.  A  fermentfttjre  Bnbstance  existing  in  fruita,  and  baring  the  property 
of  (vtnverting  poctin  into  ppctic,  parapoctic,  and  motapectic  acida.  It  haa  not  htm 
obtained  in  the  pare  state.     (See  p.  362.) 

PE^^."*'*^"*'  I       ^"^  ^«^^»  SUBBTAKCM  (p.  362). 

PBCTOX^TB.     OsmfliU. — A  bydrated  silicate  of  calcinm  and  aodinra,  occor^^^ 

in  aggr>-^att.-d  acicular  monocliuic  crystals,  baring  nearly  the  aame  anglea  ae  wulla»> 
tonite,  and  cleaving  perfectly  parallel  to  the  urthodiflgonaL  Twina, parallel  to  aDFac,m 
of  frequent  occnrrpuce.  It  aUo  occurs  fibrooa,  massive,  radiated  or  atellar.  Hardneai 
•-  £.  Specific  gravity  —  2*68—274.  Colour  whitish  or  greyish,  with  ailkv  or  1 
vitreous  lustre  on  the  fractured  surface;  sublxiuialocent  to  opaque.  Tough  like  i 
claaite.  Melta  before  the  blowpipe  to  a  translucent  glaht.  Decomposed  by  hyd 
acid,  with  separation  of  fl<M:culetit  silica  ;  gelutini'tes  if  previously  Ignited. 

Ana/yscs. — a.  From  M out e  Baldo  in  Upper  Italy  (v.  Kobell,  Eastn.  Arch.  sm. 
386 ;  xiv.  341).— A.  Isle  Uoyol,  Lake  SuMrior  (Whitney,  SilL  Am.  J.  [2]  rit  4341 


THliskrr,  iBleofSkye;  specific  gravity  2784  (Heddle,  Phil.  Mag.  [4]  ix.  248).— 
d.  Cuiftle  Hill,  Edinburgh,  associated  with  wolhutonite  and  prchnite  (Heddleand 
Greg,  ioc,  at). — e.  Knockdoli&n  Hill  near  Ballantro,  Ayrshire  ;  HpeoiHc  gmrity  2  778 
(Headle  and  Greg).— /.  Bergen  Hill,  New  Jerwcy;  mean  of  three  doaely agrreiDs 
analyBe«(Whitney,Sin.  Am.  J.[2]ixix.  205).— ^7.  Longbon'it  iron-mine  in  WermlaiKC 
Sweden  ;  in  fibn'slikeu9beatos,butmorecompiict  (IgeUtr&m,  J.pr.  Chera.  Ixxxi.  396). 


PECTOUS  SUBSTANCES. 


36S 


EL. 

«. 

k. 

e. 

tf. 

tf. 

/. 

K- 

[Miliffa         •        •        • 

61-30 

63-45 

63-82 

63  06 

63-24 

64-62 

6224 

K^lntninii    ,          «          , 

0-90 

4-94 

2-7  3* 

0*76 

1*00 

^ma 

83-77 

Sl-21 

29-88 

88-48 

82-22 

32-94 

33-83 

verroufl  oxid« 

31  angnDOUS  oxide      ' 

.     . 

.     . 

.     . 

•    • 

•     - 

109 

175 

Soda 

8-25 

7-37 

9-55 

9-98 

9-67 

8-96 

848t 

Potaah      . 

1-67 

Water      .        .        . 

3-89 

2-72 

876 

813 

8*«0 

2-39J 

870 

99-69       99-69       9974     10040       9963     10000     10000 
TbeM  analTses  maj  be  nearly  represcDt«i  by  the  formula  (Na*0.2SiO*).4(Ca''O.SiO*). 

HK)  or  (NaHCa")Si»0»  or  jj^^C*> '  ^*  requiring  6487  per  cent,  silica,  325  lime, 
9-20  so<l&,  and  2*68  water.  From  the  laat  analysis  Igelstrom  deduces  the  ibrmuU 
3(2M'0.3SiO'XCa'^K)«. 


PSCTOSB. 

pccToaic  Aon>.' 

PSCTOU8  ACZ2>.     ' 


See  Pktous  SuBaTiMcms. 


PBCTOU'S  BITBSTAjrCBS,     Pectin^  Trctic  acid,  Pretoae,  &c     (Vanquelin, 

Ann.  Chini.  v.  l<in;  vi.  282;  Ann.  Ch.  Phya.  [2]  xlL  46.— Braconnot,  Ann.  Ch. 
PbyB.  [2]  xxviii.  173;  ixx.  96;  xlrii.  266  ;  Ixxii.  433.— Gnibonrt,  J.  Chim.  in^d.  i. 
27.— Mulder,  J.  pr,  Cbem.  xiv,  277  ;  xri.  246.— FrAmy.  Ann.  Ch.  Fhys.  I3J  mIt.  9. 
— Suubeiraa,  J.  Phiirm.  [3]  xi.  417. — Poumarfcdp  and  Figuier,  J.  l^iann.  [3) 
3d.  468;  xii.  81.— C  hod  new,  Ann.  Ch.  Pharm.  li.  366. -Fr.  John,  N.  Br.  Arch.  xIt. 
24,  129.— Om.  xr.  302.— Gerh.  ii.  684).— The  pulp  of  fleshy  fruits  in  the  unript*  state, 
also  fleehy  roote and  other  Tcgctable  organs,  contain  a  substance  called  pectose,  which 
is  insoluble  in  water,  but  under  the  influence  of  acids  and  other  reagente,  is  transformed 
into  a  Bolublo  substance,  pectin,  identical  with  that  which  cxista  in  ripe  fruits  and 
imparts  to  their  juice  the  property  of  gelatinising  when  boiled. 

Pectose  almost  always  accompanies  cellulose  in  the  tissue  of  plants,  but  as  it  is  in- 
soluble in  water,  alcohol  and  ether,  and  is  moreover  decomposed  or  altered  by  most 
reagents,  it  has  not  yet  been  isolat^Ml  It  is  this  snltstance  which  gives  the  hardness  to 
nnnpe  fruits.  It  is  probably  isomeric  with  cellulose,  or  differs  from  it  only  by  the 
elements  of  water. 

Pectin  does  not  exist  ready  formed  in  fruits,  excepting  when  they  arc  very  ripe.  It 
is  formed  in  fruits  from  pectose  under  the  influence  of  heat,  ita  formation  being  thrn 
due  to  the  action  of  citric  and  malic  acids.  The  Juice  expressed  from  an  uuripo  apple 
does  not  contain  a  trace  of  pectin,  but  if  it  be  boiled  for  a  few  minutes  with  the  pulp 
of  the  fruit,  pectin  soon  appears  and  givee  to  the  liquid  the  peculiar  riscosity  which 
characterises  the  juice  of  all  l>oiled  fruit». 

Pectin  may  also  be  formed  by  boiling  the  pulp  of  carrots  or  tomips  with  a  slightly  add 
liquid. 

Under  the  influence  of  acids  or  alkalis,  pectin  is  gradually  modified,  and  ultimately 
transformed  into  a  strongly  acid  compound  called  metapectic  acid,  passing  howerer 
through  a  series  of  intermediate  modilicutions  called  by  Fr^my,  parapectin.  meta- 
pectin.  pectosie  acid,  pectic  acid,  and  parapectio  acid.  The  composition  of 
these  bodies  canuot  be  regiuded  as  definitely  established,  as  they  are  uucryslallisable, 
and  it  is  very  difficult  to  free  them  completely  from  mineral  substa-ucea.  It  is  probable 
however  that  they  are  either  isomeric  moditicutions  of  the  same  ehemical  compound,  or 
else  differ  from  one  another  only  by  the  elements  oi  water. 

Pectin  undergoes  trauBformaiion  not  only  when  subjected  to  the  action  of  the  above- 
mentioned  chemical  reagents,  but  uIm  in  the  living  plant.  According  to  Frt^my,  all 
•vegetal  tissues  which  contain  peclose  (the  primary  matennJ  from  which  pectin  is 
formed),  contain  also  a  kiud  of  ferment  called  pectase,  comparable  iu  its  niudr  of 
action  to  the  diastase  of  germinating  barley  and  the  emulsin  of  bitter  almonds.  It  is 
an  nncrystallifiahlB  snbstanee,  wliich  may  beobtftin(4i  by  precipitxting  tlie  juice  of  fresh 
carrots  with  uleohol.  The  pectase  which  was  preriously  toluble  then  becomes  insoluble 
in  watej,  without  however  losing  its  power  of  acting  on  pectons  substances.  When  in- 
troduced into  a  solution  of  pectin,  it  quickly  converts  that  body  into  a  gelalinous  product, 
insoluble  in  cold  water;  tbi^  tninsformation  takes  plaoe  in  water  at  the  temperature  of 
about  40°.    Pectase  immersed  in  water  for  two  or  three  days,  is  deoomposea,  become* 

*  WHh  ferric  nxtde  and  magnetla. 

t  Br  1o<»-    A  direct  drtermltutlon  of  the  wstsr  in  tlw  mfaisrs]  dried  st  W  pn  1*75  -3'Oa  per  ceul. 

X  Bj  difference. 


S$4  PECTOUS   SUBSTANCES. 

MVfTvd  With  ronulil.  and  it  then  no  longer  ^ap&ble  of  ai?ting  aa  a  peefiooi 
/iLTTn^iitjttire  Atrtion  is  likewise  p*nih-«c4  bj  prolAOged  rbnllitioD. 

PwlsHC  exists  in  the  Tegoul  urganinn  sometimei  in  the  «olabIe,  aon  

insnlublp  stutfl.  Flocil^  like  nLirurH  and  bntt-nxft  cnnt&in  aoluble  pr rtia> ;  tW/» 
in  (net  induces  the  poctous  ffmicntatiou,  wlieivus  the  jxxioe  of  apple*  AAiltfClKaB 
fruits  has  no  action  upon  pecliu.  Xu  thesr  fmil»,  ibe  peot*fi«  10  AMno'if»^  VQS* 
iii»i4uliJd  portiun  of  tlie  pulp,  tu  that  vheu  tlie  piilp  of  uaripe  applet  is  nitn4»ii  a 
s  »<>lutit>n  of  pectin,  this  auliition  quicldv  becuinea  gelatinousi,  in  txmsKjocBifr  4  k 
Muver^ton  of  the  pectin  into  portoeic  and  ^K>otoa9  aciibf.  Soluble  jwcCase,  as  aMq- 
obsiTved,  nm^  be  rendeivd  in&jluble  by  preoipii4ition  with  AlcobuL 

Wiim  a  fniit,  sneh  m*  a  pear,  apple,  ur  pturii,  is  he:iteJ  in  coittacf  '• 
porirm**^  according  to  Fr^m}*,  the  following  changes.     The  acid  cori 
IS  uHUJilly  a  mixtum  of  malic  and  citric  acids,  fliat  acta  upon  the  prct^*'  t 
it  into  pi«ctin,  part  of  whi-h  remoios  in  the  juicp.  rendering  it  ri»c»>us  and 
acidity  of  ilio  fruit.     In  »he  nrit  plnco  the  j-wlase,  at-iiof;  u|>on  thf  •"-•• 
a  certain  quantity  of  pecio^ic  arid  which  ^lutinises  ou  coi.-'liiig.     It 
peL'iasc  be  prolong'»d,  llie  pectoflic  acid  may  be  changed  into  prctic  .» 
is  mptilly  heatiKl,  the  pocrase  likeiri»«  roagulatea,  lose*  itB  actirity,  an>i  no  ttmsffiA^ 
upon  ihe  pectin.     \Mi(-n  u  fruit  is  boiled,  tJie  pectose  ulune  is  altrrr-d,  vliilctssst 
ItiloBO  does  not  eiperitnec  any  rfianee, 

Oraen  fruitii,  a^t  already  nbxerred,  Jo  not  contiun  pectin  Tpndy  formed,  but  onH 
the  scanty  prpoipitjitp  whirh  their  juice  yields  with  alcohol  btfiug  due  to  alts 
m&tt«r.  Dut  as  the  ripening  advances,  the  fruit  gmdually  lue^^s  ita  hax«ia«4s,  U^oA 
become  distended  and  scmi-lmnsparent,  and  the  juice  thea  coutains  only  peotio, 
does  not  precipitote  ncutml  acetAte  of  li*ad.  Wlir-n  the  fruit  is  ripe,  thp  jnire  b* 
ffummy  and  contains  a  larti^H  quantity  of  pectin,  and  still  more  of  parap'^'-rin, 
fnrnw  a  precipitate  with  Hc«tate  of  lead.  At  this  time,  the  pulp,  if 
does  not  exhioit  any  sensible  qoantity  of  peotose,  this  HnL>etunce  ka'. 
in  the  process  of  maturation  into  p^'ctin  und  pnni[>i-ctin.  Lastly,  fruits  111  tu* 
stale  no  longer  contain  a  Lraci*  of  peetin,  that,  aubbtance  harin;;  beeD  oonTOtididl 
metapectic  acid,  which  is  Katurated  by  the  {lotimb  or  lime  in  the  fruit. 

It  appenra  then  that  the  gelatinous  or  p^tous  conetitueots  of  fruit  experienep  its 
ing  vegi  tHtion,  trunsforroationB  identical  with  those  which  may  be  prodocvd  is  tte 
lu^iflcially  by  the  action  of  acids,  water,  alkalis,  or  pectase. 

Wesbull  now  describe  the  Beveral  bodies  of  the  poetoDS  group,  takuig  them  bi Ihi 
order  in  which  they  ura  formed  frotn  pectose. 

reettn*  This  substance  was  discorered  by  Braconnot.  Fr^raj  uiepawtitty 
treating  the  expressed  and  filtered  juice  of  very  ripe  pears  with  ozaIjc  acia  topr^{aWf 
the  dissolred  hmc,  and  with  tannic  acid  to  precipitate  albumin,  &ud  miring  the  l&iini* 
with  alcohol,  which  precipitates  i»ectin  in  long  threads.  These  are  purifiod  by  vatba^ 
with  alcohoL  repented  solution  in  cold  water,  und  precipitation  with  aJeohol,  till  ncilW 
sugar  nor  org»Lic  acid  can  be  detected  in  the  solution. — Bracuuiiut  boiia  thezwntir 
expressed  juice  of  ripe  apples  for  a  while  to  cOAgulate  the  albamia,  praeipitat<i  Ut 
filtrate  with  alcohol,  and  puriHe^  it  by  repeated  solution  in  water  ajid  preeipitatua  «itk 
alcohol.— Pou  mar  id  e  and  Figuier  leave  comminuted  gentian-routa  to  softcti  a 
wnrm  water,  wash  them  thoroughly  with  water  and  rery  dilute  acetic  acid,  di^ 
the  roota  thus  prepared  with  \'ery  dilute  acetic  acid  at  80^ — 90°  for  half  orthm- 
qu[irter»  of  un  hour,  und  precipitate  the  solution  with  alcohol  of  36°. — Mald.erBB^ 
oipitates  the  expressed  and  filtered  juice  of  apples  with  alcohol,  and  boila  the  pndpilsti 
With  alcohol,  to  remove  sugar,  raalic  acid  and  tannin. — Chodnew  obtained  peetiA: 
a.  By  boiling  cnwhed  pears  with  water,  precipiljiting  the  filtered  jaice  with  aleobot 
and  washing  with  alcohol  and  etbtr;  whereupon  it  becomes  opaque  and  acquire tfas 
texture  of  woody  fibre.  (This  pectin  is  not  precipitated  by  chloride  of  barium,  b* 
gives  a  precipitate  with  neutral  acetate  oflead  and  sulpbiite  of  copper,  and  therefore  sgrws 
with  Fr^my's  parupectin,  p.  364);— or  0.  By  boiling  the  exprrased  juice  of  apfJev 
precipitating  with  alroliol,  rvdissolving  in  wut^x,  mixing  the  solution  with  hv^ 
chlonc  acid,  nnd  again  precipit^tting  with  alcohol.  (This  pectin  resemblotf  the  feraar. 
but  hti«  A  slight  acid  reaction,  und  sometimes  reduces  an  HlkiUine  cupric  aolntioo.) 

Stiide  (Ann.  Ch.  Pharm.  cxxxi  SS)  prepares  pectin  from  tumip-c,  by  nupiligdit 
mJp,  leaving  it  to  macerate  for  some  bonrs  with  water,  prewing,  heating  ju»t  tolht 
toiling  point,  6ltering,  then  precipitating  with  basic  acetjtte  of  lead,  dr<\>mp>4'iBe  thi 
pr^-Pipitflte  with  eulpbydric  acid,  and  precipitating  the  filtratf  with  alcohol,*  He  i»  of, 
opiuioD  that  the  bod^  which  fields  pectin  when  unripe  fruits,  Ate,  arebuil«d  with  sols  1 
is  not  a  simple  proxiin&to  principle  (p^tose),  but  a  compound  of  pectin  with  lime;  fbr, 

*  tf  netitraJ  Ar^utr  nf  leait  be  nddcil  to  ttie  Iwilfd  inlntuiu  Inttpad  of  the  t>aalc  acvittte,  a  fewabuDdsnl 
pr<^;iiuue  1«  utM^mi^,  cvmittinii  ol  lcMil*tu.plui1c  and  tUe  lt!.iil.roin|>oitnd  u(  «  iiu«r  glyco%eaou»  wb» 
■Uiice. 
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I  wuhing  radUh-polp  completelj  vith  WBter  and  then  treating  it  with  &n  add,  lima 
M86S  inio  solution  iis  well  us  pectin. 
Pro;)^/i«-j.— Poctin  jfi  AwhiteBn3ori>bnnsmase,«o1ablcin  water, nmitnl  to tMt-papers, 
■ipitat«d  bv  alcobol  u  a  jelly  ^m  dilute  solutions,  in  long  tbreadfl  from  strong 
itiona.     W'hen  pure  it  ia  not  preoipitntwl  by  nputnil  aeotate  of  I^ad.  but  it  is  geu- 
\i\j  mix'^d  with  a  p*rt«in  quantity  of  par«p«otin,  which  giTcs  ft  precipitut«  with  thiit 
i^ent     With  basic  acetat«  of  lend  it  gives  a  copious  precjpitate.     It  haa  no  action  on 
pliiriai'd  light.    AVhen  barnt  it  emits  an  odour  like  that  of  tartiiric  acid. 
The  following  arc  the  results  of  the  anulyses  of  ppftin  prepared  in  varions  ways,  de- 
ducting thf>  mineral  eubstances  with  which  pectin  is  always  coatamioated,  in  whutever 
»/  it  may  be  prepared: 


MuM«r. 
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Fectin  from  sweet  apples  at  120°,  lenTing  6*9  per  cent,  vh,  cousistintr  of  nearly 

*  lime,  with  a  little  silica  and  iron  oxide.— 6.  Pectin  of  sour  apples  at  120"*,  leading 

hS  per  cent.  luth. — e.  Mean  of  two  analyses  of  ppctin  from  ppsrs  at  1 16"  ;  it  eonlAined 

\'6  p«r  cent,  ash,  composed  of  lime,  ro&gnosia,  iron-oxide,  pulanb,  chlorine,  snlphnrio 

cid  and  phosphoric  arid. — d.  Pectin  of  tipples  at  116°,  leaving  1"69  per  cent, ash,  oon- 

uning  much  ferric  phosphate  without  a  trace  of  carbonic  acid. — c.  Pectin  of  ripe  pears. 

jr.  Mean  of  three  analyses  of  pectin  from  gentian  dried  at  120*^.  and  still  containing 

Dineral  sul'stances. — ff.  Mean  of  two  analYses  of  pectin  from  gentian  dried  at  120°, 

Dd  freed  from  the  greater  portion  of  metallic  oxido  by  treatment  with  alkalis  and 

eids. — A,  Pectin  from  carrots  dried  at  120°. 

The  preceding  analyses,  though  they  agree  pretty  nearly  in  the  amount  of  hydrogen, 
•t  differ  sogreatly  in  the  onrbon  that  it  is  impossible  to  represent  them  by  any  one 
>rmulA.  The  discrepancy  donbtleas  anaes  from  tiie  great  difficulty  of  completely  puri- 
"fying  pectin  from  alUumtnous  substances,  sugar,  dextrin,  malato  of  caleiutn,  &c.,  which 
adhere:  to  it  obstinately.  The  beiit  mode  uf  tt'sting  its  purity  is  to  preL-ij'itnte  the 
aqueous  solution  with  excess  of  baryta-wster.  which  tlirows  down  the  jwi-tiD,  leaving 
the  substances  just  mentioned  in  aolotion ;  if  then  the  liqoid  filten'd  from  the  pn^ 
cipilate  and  freed  from  excess  of  baryta  by  carbonic  ncid,  leaves  no  residue  on  evupo- 
ration,  it  may  bo  presumed  that  the  pectin  is  pure  (Frimy).  In  the  preparation  and 
purification  of  pectin  it  is  indisponsuble  also,  according  to  Fr^my,  to  avoid  the  \ue  of 
briiUng  water,  which  alters  it  rapidly  by  converting  it  into  purupectin.  Frimy  deducea 
from  hit*  own  analyses  of  pectin  the  formula  C  'H'"0",  requiring  40  7  per  cent,  carbon, 
fi'l  hydrogen,  and  £4  2  oxygen. 

Decvrnptfi/ioMS.— Boiling  icrt^r,  as  already  obserred,  conrerts  pectin  into  parapoctin. 
JhiuU  acids  at  the  b<^iling  heat  convert  it  into  mctapectin.  and  flnuUy  into  metapectic 
acid  AlkalU  and  alkaHnr  (orths  immediately  change  it  iQto  pectates,  and  these  salla 
when  treated  with  acids  yield  insoluble  pectic  acid.  Lastly,  tinder  the  inflaence  of 
fcctase,  pectin  is  coavfrted  into  pectotiic  acid. 

Parapeotlii.  Aqueous  pectin,  whon  l)oiled  for  several  hours,  loses  its  gnmmy  con- 
Rstence,  and  is  eoorerled  into  pampeclin,  which  is  precipitated  by  alcohol  in  the  form 
of  a  translucent  jelly.  It  then  still  retains  albuminous  sul^tuncea,  which  are  precipitated 
from  the  nqueous  solution  by  wldition  of  a  small  quantity  of  basic  acetate  of  lead- 

Parspectin  is  an  amorphous,  neutral  substance  re».«>mblin|Z  pectin  ;  taateleas  :  soluble 
in  water,  like  p»*ctin  and  mctapectin;  d:stingui»the<l  from  the  former  by  being  pre- 
cipitable  by  neutral  acetate  of  lead,  and  from  the  latter  by  not  b^ing  precipitated  by 
chloride  of  barium.  It  is  isomeric  with  pectin  at  100'-',  but  gives  up  I  at  water  when 
heated  to  140°. 
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a  is  pampeetin  sev^nil  times  puriBwl;  h  and  c  are  less  pure. 

Parapectin  is  converted,  by  boiling  with  dilute  ffc/W*.  into  mctapectin ;  by  aq neons 
a/A:n/js  into  a  salt  of  [Mctic  acid.  Its  aqueous  solution  prccipilateN  nrvtral  ncrtate  o/ 
had,  forming  a  precipitate  cont»tning  very  variable  quantities  of  lead-oxide  (from  11*9 
to  18-8  and  21''J  per  cent.).  The  orspinic  portion  of  the  precipitate  was  foosd  to  eoa- 
tain  41  M  per  cent,  carbon,  and  0  42  hydrognn,     (Frimy.) 
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Metapectln.     C^II'^O'*  ?— PampectiD  is  quickly  conTeri«d  into  tbu  nlateMtW 

boiliat;  with  dilute  nrUU.     It  iji  uDrryotalliumf ;  biw  «D  «cid  rooctioa  ;  it  ws^ntis  i 

I  lrtit<>r,  lik«*  pf*<Min  nml  pnrnp'Vlin  ;  difitinctuflied  from  both  by  its  acid  ptopsOttai 

i  precipitnhility  hy  rlilond**  of  Ixuium.     MctApcctin  dried  at  100",  give*  off  I  «t.  «i«e 

JAt  UU*^,  nnd  then  exhibits  thp  Bame  compofiitioa  upuapectin  (bjr  aoaljsu,  4t  46  pa 

tenr.  (iirlion,  aud  6*o8  hvdrogea). 

By  alkali*  it  id  o«>QT<Ttpd  into  a  salt  of  poetic  acid.     It  dissoire*  in  tnc£pr;  if  ti* 

volutiun  alflo  contdin?  hydrochlon'c,  fiilphuric,  or  oxalic  acid,   &l«obol    tkrows  Oyv^ 

.grlahnotis  cnmpoands  of  thfse  acids  with  metapMtia.     From   aquoons   mpfMwtay 

t'^h/oridr  o/ barium  LhrnwB  down  a  precipitati*  coutaining  frvim  14  to  16  peromt  nij^ 

(C"H*^"Ba"0   -^   141   vt'T  ccdU  biirytn).     The  Uad-compowid  contAina  19-11 1« 

cent  l««l-oiide  (C"H**O^Pb''0  «   20  30  per  cent,  Pb''0). 

Veotoalo  aoio.  I'hiR  acid,  probably  isoionie  with  panpectin  and  xDPtap«aii;i 
obtained  m  the  firvt  pi\Kluct  of  Ihe  action  of  pectaee  or  of  aqueooff  mUcalis  oo  aqaeMi 
pectin  the  «olutio  .  solidifyinf;  to  a  jMly  imm^diatoly  or  uft^r  aildition  of  acida:  balk 
19  quickly  convertC'i  ioto  pfvtic  a^id  by  the  further  actioo  of  the  same  agvat^  or  \^ 
boding  water.  It  has  an  acid  reaction ;  is  nearly  inaolnbl^  in  cold  waUr,  cftiit 
inaoloblo  in  water  containing  hydnichlone  acid,  bat  easiJy  aoluble  in  boiling  viA« 
(whereby  it  is  diatiDguishod  from  pectin),  and  forma  a  jelly  on  cooling.  It  ^Ps 
analysis  41'1  per  cent,  cnrbou,  and  6*26  hydrosen.   (Fr^my.)  ~ 

The  g<*Iatinoas  amorphous  pectoaates  are  easily  conrerted  into  peetatea  by 
hase  ;  when  pnre  tbay  dissolve  completely  in  warm  dilute  add,  wnureaa  peetats 
a  residue  of  pectic  acid. 

The  bariuvt-talt  precipitated  from  aqneoui  pectin  by  a  quantity  of  baryta-vitKr' 
iRanfUcient  for  complete  prMripitation,  contains^  on  the  average,  24*4  per  ecnL  basytt 
(C*^"Bft"0"    =   2.V3  per  cent  BaO). 

The  Uad-talt  contains  32'7fi  per  cenL  lead-oxide,  the  formula  C''H*'Fb''0**  reqiuna|i 
83-42  per  cenL  PbO. 

Veotlo  acid.  C*<H°Oi*?— This  acid,  though  it  may  be  obtained  from  niostpkiit|i, 
if  nut  from  all.  does  not  exist  in  them  ready  formal,  at  least  not  always,  obi  i* 
produced  from  pectoee  or  pectin.  In  fuct  when  a  6oIutioo  of  pectin  holding  potash  is 
SDSpension  is  left  tu  itself  at  a  temperature  of  30°  the  pectin  is  first  conTcrtrd  lato 
pectosic,  then  into  pectic  acid.  Diluto  solutions  of  potafih.  soda,  alkaline  car^oati^ 
ammonia,  and  aqneoas  hur)-ta,  strontia,  and  lime,  transform  pectin  almost  inunedtattly 
into  pectates.  Pectic  acid  is  extract^  team  its  diHrreat  salts  by  aubioitcizig  peeUM 
to  the  action  of  acids. 

Preparatum. — 1.  Well  washed  carrot-pulp  is  boiled  with  water  slightly  acidoUted 
with  nydrochloric  acid,  whemby  pectin  is  dissolved.  This  pectin  is  cooTerted  iolo 
pectate  of  sodium  by  boiling  with  the  proper  ^nanti^  of  ttodic  carbonate  (to  be  det^> 
mined  by  trial) ;  the  solution  ispcpcipitated  with  hytuochlonc  acid  ;  and  the  s^«nlid 
pectic  acid  is  dried,  first  in  vacuo,  then  by  beut.  If  too  ffmnll  a  quantity  of  carboaaie 
18  added,  pecloric  acid  maybe  formed  ;  if  too  much,  metapectic  acid  may  be  produftd 

(Fr^my) 2,  The  pulp  of  peeled  turnips  is  well  washed  with  water  antf  preiMvd,  and 

the  residue  is  boiled  for  three  quarters  of  un  hour  with  water  to  which  ^^  of  aodie  ear- 
bonute,  or  a  email  quantity  of  caustic  [rolash,  has  been  added.  The  liquid  is  filtered, 
the  solution  is  precipitate<l  with  chloride  of  calcium;  and  the  pectale  of  calcium  W 
decompotied  l^  nydrochloricacid  (Braconnot,  Regnault;  Simonin,  J.  Pbarm. xi. 
47S.  Begoault  diwolTes  t  \\f  »r.iU  coloured  pectic  acid  in  aqueous  ammonia ;  deecdorisn 
it  with  animal  charcoal  at  60^  to  80° ;  precipitates  the  filtrate  with  hydrochloric  arid; 
and  repeata  the  Bolution  in  ammonia  and  precipitation  with  acid,  in  order  to  remors 
the  mineral  const  ituents. 

3.  The  pulp  of  cnrrots  or  celery  is  exhausted  by  washing  with  pure  water,  boiUag 
with  watercontainiuehydrochloric  acid,  and  again  washing  with  pure  water;  theresidM 
is  boiled  with  very  dilute  potash-ley;  and  the  solution  is  precipitated  by  hydroeUlufU 
acid  (Bniconnot).  Fr^-my  obtained  by  this  process  only  a  small  quantity  of 
pectic  acid  {pid.  gvp.).  Cbodne  w  lx)ils  turnips  after  trituration,  washing  and  preaa* 
ing,  with  vvTy  dilute  potash,  forhalf  to  three  quarters  of  an  hour ;  strains ;  predpifatM 
the  Htill  turbid  solution  with  hydrochloric  acid  ;  washes  the  pectic  acid  several  timet, 
fimt  with  HcidalattMl,  then  with  pure  water;  presses  it  wilhtne  bond  after  each  wash- 
ing, and  redisMtlres  it  in  ammonia,  whereby  an  easily  filtering  Uquid  is  obtained, 
which,  after  filtration,  is  precipitated  by  hydrochloric  acid.  This  precipitate  if 
washed  as  abore,  and  finally  with  alcohol.* 

•  Dy  bolHny  ihe  wultpd  pulp  of  tumlpf  or  upvlei  with  liT«1rochlorIc  iwld,  pf^-ipltntinit  with  iiln>btv, 
Ihrn  wiitlitiip  chc  prrclpltKtr  with  ftlcohol  or  ether,  pr<'»«iiiit  and  Hrylns  at  I'tfT,  C  h  od  n  e  w  oiNsliMd 
■  non-fri4h|p  matt  like  woodr-flbr*,  which  he  call*  pectoiii  acid;  It  Ti  iliitbliT  ndd.  t^^liihle  hi  vat«r 
•ten  mfter  drrlng,  precipitated  aa  A  Jetlj  by  excew  of  potaah  or  Umo  wmter,  but  not  by  chlorld*  o^  pe. 
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Aoeording  to  Fr^my,  pectic  acid  prepared  in  the  ordinaiy  way  (probably  according 
*p  methods  2  and  3)  contains  albuminona  substances  which  may  be  more  easily  pre- 
cinitated  by  small  qnantities  of  basic  acetate  of  lead,  after  prolonged  boiling  of  the 
BOlution  supersaturated  with  ammonia, 

Hulder  washes  comminuted  carrots,  turnifM  or  sweet  apples  with  water,  boils 
the  residue  with  very  dilute  potash,  not  in  exceas,  and  precipitates  with  hydrochlorio 
acid. 

Fromberg  prepared  his  pectic  acid  from  tamips  by  comminution,  washing  with 
cold  water,  and  boiling  with  very  dilute  carbonate  of  sodium. 

According  to  Divers  (Chem.  Soc.  J.  xvii.  91)  pectic  acid  is  produced,  together  with 
panpectic  acid,  by  the  spontaneous  decomposition  of  gum  cotton. 

Pritpcrtii't. — Fectic  acid  in  the  moist  state,  is  a  transparent^  colonrlees  jelly,  which 
dries  up  to  a  whito,  transparent,  homy  mass,  difficult  to  pulverise.  It  has  an  acid 
taste  and  reaction.  It  is  insolublo  in  cold,  nearly  insoluble  in  boiling  water,  insoluble 
alao  in  alcohol  and  in  ether.     Its  composition  is  as  follows : — 

Calaiiatfym  (Fr^my).  Mulder.  Fromberg.  R^nwult.  Chodnew.  Frfoiv. 

' .  a.               h.  at  140°.  «  140*  at  IS<P. 

G»         192        42-29  449        446        44-5  42  69  42  22  4140 

H"          22          4-84  6-4          63          6*2  471  624  477 

0»        240        52-87  49*7        601         60-3  62-60  6264  6383 


C>«H»0»»     464       10000       1000       1000      1000       10000       10000       100-00 

The  analyses  are  given  as  meatx  resulta  Renault  and  Chodnew  examined  pectio 
add  prepared  from  turnips ;  Fr^my  analysed  acid  firom  various  sources.  Chodnew's 
add  left  ^  per  cent,  ash,  which  is  deducted :  see  above.  Mulder's  pectic  acid  a  was 
obtained  &om  carrots,  and  left  4-17  per  cent,  of  ash,  composed  of  lime  with  trnces  of 
nlica;  b  was  obtained  from  sweet  apples,  and  left  3*2  per  cent.  ash.  Fromberg's 
pectic  acid,  obtained  from  turnips  and  dried  at  140°,  left  7  per  cent^  ash,  tomposed  in 
grvat  part  of  caustic  lime. 

The  analyses  of  pectic  add  differ  from  one  another  as  widely  as  those  of  pectin.  It 
»  most  probable,  however,  that  pectic  acid,  as  indicated  by  Fr^my's  formula,  differs 
from  pectin  only  by  the  elements  of  water.  Regnault  gave  the  formula  C"H'*0",  both 
tta  pectic  acid  dried  at  140°,  and  for  that  contained  in  the  salts.  Chodnew  gives  the 
formula  C'*H*0'",  which  agrees  with  the  composition  of  many  of  the  pectates,  and  re- 
qnirra  42*42  per  cent,  carbon,  606  hydn^n,  and  62-62  oxygen. 

Deeompontions. — 1.  Fectic  acid  becomes  coloured  at  120°  (Regnault);  black  at 
150*'(Chodnew),andat  200°  gives  off  carbonic  anhydride  and  water,  and  is  converted 
into  parapectic  acid,  p.368(Fr6my). — 2.  It  melts  when  heated,  swells  up,  bums  away, 
and  leaves  a  difficultly  combustible  charcoal  (Regnault). — 3.  When  pectic  add  is 
boiled  with  toater,  wirapectic  add  is  fonped;  likewise  when  insoluble  pectactes  are 
boiled  with  water  (Fr6my).  When  pectic  acid  is  loft  in  contact  with  water  for  two  or 
three  months,  it  dissolves  us  metapectic  acid,  which  is  likewise  produced  when  pectio 
add  is  boiled  with  water  for  36  hours,  or  when  moist  pectic  add  is  dried  by  heat  Not 
a  trace  of  sugar  is  formed,  even  after  boiling  with  water  for  seven  or  eight  days,  and 
the  solution  does  not  reduce  potasdo-capric  tartrate  unless  it  contains  para-  or  meta- 
pectic add  (Fr6my).     See  below. 

4.  Pectic  add  is  not  altered  by  cold  oil  of  vitriol,  but  is  quickly  charred  by  that 
liqaid  when  heated  (Braconnot,  Regnault).  By  boiling  with  dilute  acids^  it  ia 
converted  into  metapectic  acid,  which  dissolves  (Fremv).  It  is  not  altered  by  hot 
Tery  dilute  hydrochf^yric  acid  (Regnaalt). — Pectic  acid  prepared  from  turnips  does 
not  dissolve  till  after  very  long  boiling  with  dilute  adds  (more  quickly  with  concen- 
trated acids)  and  the  solution  does  not  contain  metapectic  ncid ;  that  which  is  prepared 
from  pectin  decomposes  much  more  quickly.  When  the  first-mentioned  pectic  acid  is 
boiled  with  dilute  mineral  acids,  the  liquid  soon  acquires  a  faint  red  colour,  reduces 
eopper-  and  silver-salts,  and  if  sulphuric  add  is  used,  gives  off  carbonic  and  formic 
acids,  and,  finally,  an  odonr  of  caramel.  The  solution,  which  remains  colourless  if 
dilated  at  the  right  moment,  leaves  a  black  product  when  filtered,  and  if  evaporated 
after  the  sulphuric  acid  has  been  removed  by  carbonate  of  barium,  it  leaves  a  syrup 
from  which  alcohol  precipitates  a  barium-salt  soluble  in  water,  leaving  in  solution  a  sugar 
(partly  converted  into  caramel),  which  is  fermentable  and  capable  of  uniting  with 
common  salt.    The  barium-salt,  which  is  soluble  in  water,  appears  to  contain  formio 

lastiam  ;  eonvertad  into  pectic  scld  br  solution  In  pouiih-lejr  and  preclpiutlon  with  hydrochloric  acid; 
eootaim  43-3  pn*  ccnL  carbon,  5-6  hydrogen,  and  51  2  oxjrgpn. 

Another  acid,  c:4lled  hrperpectic  ncld.  li  obtained  from  the  tumlp-pulp  »fter  (■xhnuition  with 
bTdrochloric  acid,  bj  boiling  it  with  dilute  pota«h  (not  with  ammonia),  and  precipltAttns  with  liydri»- 
ealoric  aieid.  It  ti  a  gelatlnoui  aubitancs,  ccniuinlng  (at  IOi(<^)after  drductlon  of  0-fiS  p«*r  cent.  a«h. 
41*5  per  cent,  eartion,  4'a  hydrogen,  and  63'7  oxygen,  and  U  dlitingiiiihcd  from  pectic  acid  by  not  dla- 
■olring  Ui  amnoida.    (Chodnew.) 
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iid4»  and  an  acid  simiUr  to  mnlic  wid  (Chodnev).    The  jellj*  of  pi^ipin* 

frtwl  from  ragnr  by  alcohol,  w  convortwi  into  suK^r  by  twenty   ' 

oitmlic  jurid  (Com  rrrrhd.  Ann.  Cli.  Phyw.  [2]  xlvL  181).     Accor 

tK'id  is  tmnM'i/rin''d  hy  url'U  in  the  »anif^  miinnr»r  as  by  wftter,  tb-^t'  i-'^  ^  ..^ 

lioD  of  BU^^r.     Tr^niy  ultrihutf's  the  formntiun  of  sugar  in  Chodn«w'«  es, 

the  prc*€-nee  of  «t/Lrch  in  the  pectio  acid  employed. 

6.  Vfith  nitnc  acrd,  poctie  ueid  yiflda  oxjilic  ftcid  (Vanquelin)  and  m' 
(Braconoot).     Chodnev  ubinincd  rimcicacid  from  prctio,  but  not  £porm  ; 

Wlien  p«ctic  acid  in  hfatM  with  the  3iqiiK>uit  «olation  of  caustic  a/Aa/is 
carhonaies,  metapMtic  arid  i«  formt'd  (FrAmy).  Pectin  and  pertic  acid  pn 
it,  under;gothe»p  transfomiiliona  much  more  readily  than  ordiDary  pe^tie  «ci' 
Chodnew).     The  liquid  acquires  a  brown  oolour.  bat  Is  not  fouud  to  contua 
acid  (Fr^my). 

Peetatea,  The  prctatea  of  tbe  olkali-metala  are  soluble  in  water,  thereat 
and  gelatiDOOB.  The  jellies  precipitated  from  cold  aolutiona  are  denaer  thaa  ISmm 
obtained  from  hot  aolntiona  (Kegnault),  At  a  moderate  heat,  the  add  axpekra^ 
bonic  acid  from  alkaliae  carbooatus.  It  diiaolves  eonly  iu  aqaeoas  alkulia^  erca>fiv 
dryinff.  The  solution  is  not  prei*ipitated  by  mercuric  chloride,  but  with  all  otbmmUm 
it  yieMa  gelntiuoua  precipitates,  which  dissolve  in  exceaa  of  alkali.  It  is  difflollla 
oblain  the  baILs  at  a  definite  de(^T«e  of  satnrfttton.  because  the  neutral  saJta  fi>maiil 
first  take  up  an  additiunnl  quantity  of  pectic  acid  iRegnault,  FrStay},  Wb»oa 
soluble  pcctate  ia  preci  pi  tutted  by  a  mftallic  salt,  the  composition  of  the  precipitated*- 
pends  upon  that  of  the  soluble  salt,  and  mries  with  it  (Hegnault).  The  jeUicBprfc 
cipitated  by  metallic  salts  from  pectate  of  ammoniam  and  pectate  of  calcium,  en 
Itnnsparent  if  the  acid  was  pure.  They  obstinately  retain  portions  of  the  precip^taut, 
which  CAnuot  be  rrmored  by  washing  on  the  filler,  but  may  be  got  rid  of  by  pniiai^ 
the  jt'Uy  with  the  hand,  pouring  fresh  wnier  upon  it,  snd  «o  on.  wherel^  the  mk 
noquin*!*  the  consistence  of  woody  fibre,  and  becomes  friable  after  drying  (Chodac  *^ 
Thf  iosoluble  salta  dry  up  to  very  hard,  difficultly  friable,  horny,  hysroacopic  mMKai 
They  take  fire  whan  heated  in  contact  with  the  air»  retain  wntcr  obstinately,  sothat 
they  cannot  bn  dried  below  140°  or  150'^,  and  decompose  ut  about  200^  (ReKnaaili 

The  aminonium-aalt  ia  obtained  as  a  colouplejw  jelly  by  dissolving  peotic  acid  --^^ 
monia,  and  precipitating  with  ulcohol — The  potas»inm-»ait  is  obtained  in  lika 
as  a  jelly  which  Wnmes  fibrous  when  washed  with  alcohol  and  dried  at  120*^. 
diasolvea  in  water  forming  a  neutral  solution.     Chodncw  foond  18*89  por  cent. 
(KK)]  in  the  salt  dried  at  120^  and  200  per  cent  in  the  salt  dried  betwr«o  160* 
1(!0°. — The  40(/t Mm-W^  obtained  in  like  manner  ia  a  colourieas  jelly  oontainiog  (at  ISO^ 
1373  percent  sodium.     (Chodnew.) 

JPcctaU  of  barium  ia  obtained  as  a  coIonrle«B  jelly  by  mixing  chlonde  of  barium  with 
a  solution  of  pectic  acid  in  ammonia.  Fr^my  obtains  it  pure  by  treating  a  en|d  sol- 
ution of  pectin  protfcted  from  the  air  with  a  largo  excess  of  baiyta-water.  A  ctipioiis 
precipitate  uf  pectusate  of  bikritim  is  tht^n  formed,  which  changes  into  pectate  under  the 
infineiice  of  excess  of  base.  The  precipitate  is  to  be  quickly  washed  and  dried,  first  ia 
a  vacuum,  then  in  a  stove  at  12U^.     It  contains  20'1  per  cent,  baryta.    (Mnlder.) 

The  caivium-Bolt  in  obtained  in  like  manner  as  a  tranitptirent  jelly,  which  in  thrvt 
preptLrations,  dried  at  Vli)^,  gave  U  38,  12*42,  and  12*46  per  cent.  lime.  (Cbodaew) 

The  copper-Stilt  is  a  green  jelly  contuiniug  16'8fl  — 16  38  per  cent,  cuprie  oxide 
(Chodnew);  of  variable  composition  (Regnault).  Tbe  ^ai/-ia// obtained  by  pn- 
cipitating  acetate  of  li*sd  with  an  ammoniacal  solution  of  pecuc  acid,  eontaina  vrt 
variable  qu.intilic.H  of  pe(?tic  ucld  ^34  to  60  percent,  according  to  F  rimy).  Tbaorgaue 
mutter  in  this  precipitate  eontainfi,  luv'ording  to  various  analysts,  from  43*9  10  44*1 
>ir  cent  carbon,  52  to  46  hydrogrn,  and  49*6  to  530  oxygen.  Tbe  A/cvr-stdH  is 
~ifficult  to  obtain  pure.  Regnault  found  it  to  contain  quantitiet  of  adTsr-oxid* 
varying  from  37*7  to  41-0  per  cent. 

From  the  above  disrordaut  reiralt^  of  the  analyses  of  peetates,  it  ia  impossible  to  ob> 
tain  any  reriAcation  of  the  formiiU  of  pectic  acid. 

Parapectte  aetd.  C*H"0^? — Pectic  acid  boiled  for  some  time  with  watar 
diHi^'thnj  aa  pnrapectic  acid.  In  like  matiner,  pectates  heated  for  several  bonis  Is 
160°  or  bailed  witti  nruter,  nre  converted  into  pampeotatea  Pampeciic  acid  is  abo 
formed,  together  with  pectic  arid,  by  the  spontaneous  decomposition  of  giin-eotto& 
(Divers,  Chcm.  Soc.  J.  xvii.  91.) 

Parapectic  acid  is  soluble  in  wb^it,  um-rTstallisttble,  destitute  of  optical  rotatory 
power,  and  has  a  strong  acid  reax'tiou.  When  fmaiid.  it  behaves  like  pectin;  vfaeA 
di»i«olved  in  water,  it  is  quickly  **onverti»d  into  metap'^ctic  acid;  when  boiled  with 
pvtaatio-i-upric  tfirtracf^  it  "pi^xj^^y  iXv»  cuprous  oxide;  and  it  is  not  fermentable. — ll 
forms  soluble  salts  with  the  alkaiia,  and  is  precipitated  therefrom  by  excess  of  baryU' 
water,  beiug  thereby  dihliiiguished  from  mctnpectic  acid;   from  itH  aqueous  solution  it 
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^1  pr»npitat^d  bj  alcohoL  Th^  potOMtum-tali  precipiU(«d  trom  iU  aqueoiu  solution 
hy  alcohol  and  dried  at  160^,  codUius  23  per  cent,  potash  (C**H"*KH>''  -  22*4  per 
"Tit.  KH)). — The  i^d-salt  obtaineil  by  boiling  pecUta  of  lead  suspended  in  «rat*r  for 
Tefal  hoora,  or  by  precipitating  aqueous  parap«ctic  add  with  Deutral  acetate  of  lead, 
u  found  to  contain  from  400  to  417  per  cent,  lead-oxide,  and  tho  organic  part  of 
the  precipitate  gave,  a«  th«  mean  uf  three  analyses,  43  9  per  cent,  carbon  and  4*7 
hydpngpn,  whenee  Fr^my  deduces  the  formula  C«H»Pb'0". 

Xetapeotlo  ftold«  C*H'*0*?  AdtU  otlluUque, — This  acid  occurs  as  a  pn>duct  of 
the  trtn.MfijrmHtion  of  pectose,  in  all  fluids  of  the  regetable  organiiim  which  are  in 
contact  with  tissue  contrtining  pActase.  All  pectoos  substances  may  bo  convi-rted 
either  directly  into  mpliit>^tic  acid,  or  into  products  which  yield  this  acid  afterfurther 
treatment.  When  lime  is  allowed  to  act  on  man  gold- wurzel  pulp  in  the  manufacture 
of  sngAr  on  the  laxge  scale,  metapeetata  of  calcium  raay  be  formed,  which  then  airumu- 
latee  in  the  molassea.  It  may  be  prepared  by  washing  cbupp*^!  mangoUl-wurzel  with 
water ;  liuilin^  the  residue  for  an  hour  with  milk  of  lime  and  prBi»ing;  eTHpomting 
the  liquid  to  a  nyrup,  and  roixinp;  it  with  alcohol.  Metapect^te  of  calcium  then 
falls  t(»  the  bottnm,  and  after  it  has  been  decom^»o)*od  by  oxalate  of  amnioniam.  the 
Altered  solution  ia  mixed  with  excess  of  neutral  acetate  of  lead  to  precipitate  colouring 
matter,  phosphoric  acid  and  other  rabataDoes ;  and  the  filtrate  is  supersaturated  with 
ammonia,  which  throws  down  metapectate  of  lead.  By  decomposing  this  salt  under 
vater  with  sulphydric  acid,  and  evaporating  the  filtrate,  aqueous  metapertic  acid  ia 
obtained  as  an  amorphous,  stronftl)'  acid  mass,  destitute  of  rotatory  power,  deliquescent^ 
and  easily  soluble  in  wuter.  The  aqueous  solution  qairkly  becomes  corered  with 
mould,  and  is  decomposed  by  prolonged  boiling,  with  formatioo  of  ae<>lic  acid  and  black 
nlmic  acid.  It  rcducre  poftusio^cupric  tartrate  at  the  boiling  heat,  also  kUvct  and  gold 
mUU,  The  mrfapfctaie4  (excepting  the  basic  salts)  are  all  soluble  in  water.  The 
aqueous  acid  decomposes  carbonates  and  neutralises  strong  bas'  s. 

Meiapcctatt  of  Lrad. — Aqueous  metapectic  acid  precipitates  basic  acetate  of  lead, 
bat  not  the  neutral  acetate.  The  aqaeona  aolutioasof  the  alkaline  roetapectatea  added 
to  neutral  or  basic  acetate  of  lead  in  excess  (of  the  lead-siilt?)  throw  down  aolnble 
precipitates.  The  precipitates  thrown  down  from  aqueous  metapoctic  ac-id  by  basic 
acetate  of  lead  confam  from  676  to  688  per  cent.  rC»H'*rb=O*«07-2  per  cent,  PbO) 
and  73-4  to  74*2  per  cent,  oxide  of  load  {C*H»in»0*.Pb''0  »  754  per  cent  PbO) ;  after 
deduction  of  the  Ifad-oxi'ie,  they  contain  on  the  aTerage  4351  per  cent.  C,  4*68  H, 
and  6-91  0.  corresponding  to  the  formula  C*H"0'  (calc.  4408  per  cent  C,  458  H, 
and  61-3  0). 

Vjrupeotlo  aeld.  When  pectin  or  either  of  its  deriratiTes,  such  as  pectic,  para- 
pectic,  or  meta[)t*ctic  acid,  is  healed  to  200*^,  water  and  carbonic  anhydride  are  evolved, 
and  pyropectic  acid  remaini  in  the  form  of  a  block  subetanoe  insoluble  in  wat^r,  but 
soluble  in  alkaline  liquids.  It  contains  61-3  per  cent,  carbon,  6'3  hydrogen,  and  43'4 
oxygen,  whence  Frdmy  deduces  the  formula  C'*H'*0*.  It  is  remarkable  that  the 
hydrogen  and  oxygen  in  this  body  are  in  the  same  proportion  as  in  the  black  acid  of 
■agar. — Pyropectic  acid  forms  brown  uncrystallisaUe  salts.     (Fr^my.) 


Qeneral  vUw  of  the  trantformaticns  of  Pectin  and  the  mutual  rtlatUm^  of 
Ptetxmt  tiutamen, 

1.  Peet^se  heated  with  dilute  acids  is  eonverted  into  pectin,  which  by  longer  boiling 
18  trarsformed  into  m*'ta|»^ctic  acid. 

2  By  boiling  with  milk  of  lime,  it  is  converted  into  metapectic  add.  Probably 
pectic  acid  is  formed  in  the  first  instance. 

3.  Pectin^  when  its  aqueous  solution  is  left  to  itself,  changes  into  metapectic  acid. 
It  pectase  is  likewise  present,  the  change  takes  place  more  quickly,  pectctsic.  pectic, 
and  metapectic  acid  being  successively  produced.  When  pectin  is  boiled  with  water, 
parapectin  is  produo-d. 

4.  Pectin  boiled  with  strong  acids,  is  converted  into  metapectic  acid. 

A.  By  cold  dilute  aqaeous  alkalis,  it  is  converted  into  pectosic  acid,  which  quickly 
underguea  further  tratisformation  into  pectic  acid,  or  by  tx>iling  with  itroug  alkalis, 
into  mrtapertic  and. 

6.  Parapfctin  boiled  with  dilute  acids  is  converted  into  metapectin ;  aqoeous  alkalis 
convert  it  into  a  pectate. 

7.  Mftnprctin  is  coiirerted  by  alkali's  into  salts  of  pectic  acid. 

8.  Peetosic  acid  is  converted  into  pectic  acid  by  boiling  with  water,  either  pure  or 
alkaline,  or  by  contact  with  peciose.  When  boiled  with  aqueous  alkalis  it  forma 
mrtap'^ctic  acid. 

9.  PffiK  acid  is  converted,  by  long  contact  with  water  in  the  cold,  more  quickly  at 
Vox..  IV.  B  B 
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th«  boilinfr  hfvit,  inro  pumpt<otte  «eid,  ihrn  further  into  mrtaipf^ic  mad.     BoiUog  vi^l 
hci^ti  or  alkiiliN  likewiiie  eonrerta  it  into  inetiip*«tic  arid. 

10.  Paraptciic  <ic*^  in  contHCt  with  vatrr,  is  quickly  coDTcrted  into  mrtspKJtie  i 

11.  Metapfctie  add  cannot  b«  cooTerted  into  may  other  aabsuuice  of  tb*  ] 

group. 

rsGiUVTTK.     Ktitive  phofphate  of  alaminiam  from  6trigi«  near  Protag  [■ 

rBOSPHiTHS). 

FBOAVTTVS  BAKMAXA,  AJtM^lsOTVB  OP.      Seo  HASaCAUn  ud  Ha>  J 

MIX*  liii.  7)- 

PBOBCATXTJB.     Omphic  granit«. 

PaOM.A.T03.rrB.      Sju.  wi\h  OBTHOOLABlk 

PEOaczar,  A  pn>t4*iii-flubst«nc«  obtaiaed  bjThonsoD  from  the  boffeoalrflW 
blood  of  mi-D  aod  horecs,  by  vnuhiog  with  cold  water  aod  exhaustiag  tba  dried  nsAv 
with  alcohol  and  ether.  It  contaioB  sulphur,  and  ii  regarded  by  Thomaon  m  k 
peCTiliar  snb»«tnncft. 

PBIAKGOITB.  C^"*0  -  (?H'».C?H"0.  OctyUpelar^yl. — When  |»el4rrwfr 
of  barium  is  submittMl  to  dry  difltillation,  thin  omnpouod  pa«ac«  over  aa  a  biwa  ci 
which  soUdifief  on  cooling,  while  earlMiiattr  of  barium  remains  btthiDd.  The  disUH 
product-fl,  after  prparorp  between  bibutoua  papr,  form  a  solid  «ab«tanee  vbicb  diiBnl*i« 
csiiily  in  ether,  aod  is  deposited  by  Bpontaneous  evaporation  in  large  laminrvs*) 
assume  a  nacreous  )u<pect  when  dry.  It  is  strongly  attacked  bj  Aiming  iutrift| 
fbrmine  a  nitro-arid. 

PBZ^&SQOIVSVS.    C*H'*.    Syn.  with  NoKTiJ3ni(p.  134). 

PXI.AJtaoVXC  ACn>.  C?H'«0»  -^"^(O-    (Redt«nbach«r[18alAM,] 

Ch.  Pharm.  lix.  fi2.— Flesa,  ibid.  lir.  fii.— Gerhardt,  Ann.  Ch.  Phya.  [3]  xxir.  W.f 
— Oahours,  Compf.  rend.  xxvi.  262. — Chioasa,  Ann,  Ch.  Phys.  [3]  xxxii.  ?or'  - 
This  acid  eiiats  in  the  volatile  oil  of  i^ryartfwiiMmrwifvw.     1.  It  ia  produced,  ti^. 
BcTeral  other  volatile  acids,  in  the  digtillation  of  choloidie  and  of  o]ric  a^-- 
with  nitric  acid  (Redtenbacher). — 2.  In  the  oxidation  of  oil  of  roe  bv 
(Gerhardt  and  Cahoura). — 3.  A  small  quantity  of  petargouic  acid  is  forn^ 
with  many  othcj  rolatUo  acids,  in  the  putrefaction  of  ycasL      (W.  MulK^.  .   ,.;. 
Chftm.  Irz.  66  ;  0.  Hesse,  ibid.  Lxxi.  472.) 

Frrj>araiiQn.  From  oil  of  rtu. — When  1  pt.  of  oil  of  roe  is  pentjy  heated  with  1  ft 
of  oommercial  nitric  acid  aud  2  pts.  of  water,  an  action  seta  in,  riolcnt  at  first  a»d  en&> 
tinning  ftir  a  quarter  or  half  an  hour,  even  after  the  ftm  has  been  remored.  Hi*  hqi4 
is  tben  boiled  and  cobobated  repeatedly,  till  scarcely  any  red  faxnea  are  eToIivd :  6* 
layer  of  oil  is  decanted,  washed  with  water,  aod  treated  with  aqneoiu  potaah,  wbn^ 
upon  some  non-acid  oil  of  a  very  acrid  odour  is  separated :  the  alkaline  solntioo  ■  de- 
composed by  sulpliurir  Acid ;  and  the  otly  add  wliirh  sepftrat^s,  and  ia  oootamitatid 
with  resin  und  colouring  matters,  is  collect^  and  rectified.  The  distillaU*  is  nentnlM 
with  baryta,  trvvd  from  excess  of  baryta  by  cold  water,  dissolved  in  boiling  alcob^ 
then  filtered  and  cooled  to  the  crystallising  point.  Pelargooate  of  barium  then  cmtu 
lisca  out  (the  mother-liquor  someiimea  retains  caprate  of  barium) ;  and  thiaaalt  deMA- 
posed  by  dilute  sulphiinc  arid  yields  pel.irgonic  acid,  as  an  oil  floating  on  the  wm 
fOerhardt).  Owing  to  certain  circumsiances  not  nscertained,  a  compound  of  i 
oiide  with  pelargonic  acid  id  sometimes  obtained  in  this  process.     (Chiozsa.) 

From  the  blossom  and  herh  of  PAarffonium  rosnim, — The  herb  \b  di.<itiUed  with  valv; 
the  distillate  saturated  with  banru ;  the  neutral  oil  distilled  uff;  and  the  r«^dDeertpo> 
rated  to  dryness  and  exhausted  with  boiling  alcohol,  which  takes  up  pelArgoaats  ^ 
barium.     (Pleas.) 

TVopcr^iVs.— Pelargonic  add  is  a  colourless  oil  (greasy  according  to  Re  d  te  nbaehtr) 
which  solidifies  in  the  cold,  melting  afterwards  at  10^.  Smells  slightly  of  batyrieMii 
Boils  at  260° ;  in  a  stream  of  carbonic  anhydride  it  distiL"  undH^otnpofed  and  oolon^ 
less  (Cahours).     It  is  slightly  soluble  in  water,  tcpt  soluble  in  alcohol  and  ether 

Decompositions. — 1.  Pelargoxiic  acid  becomes  yellow  by  keeping  (Cahoari)b— 
3.  When  1  pt.  of  pel&rgonic  acid  is  intimately  mixnd  with  4  pfs.  of  pofasA-ltsM.  tU 
gradually  raised  to  a  red  heat  in  a  coated  retort,  much  gas  eacapcc:,  a  deer,  aatb^ 
yellow,  thin  liquid  passes  orer,  and  tho  alkuli,  partly  combintrd  with  carbonic  acid,t«- 
mains  behind.  Bromine  absorba  the  greater  part  of  the  gas,  composed  of  edtykM^ 
tritylene  and  tetrylrne  ;  the  uncondensed  portion  burns  with  a  very  faint  flame,  sod  (■ 
A  mixture  of  bydrt^en  and  manih-gas.  The  liquid,  during  rectifiration,  begins  to  loil 
at  105"  to  186**;  up  to  110"  hexylene  pa»»eaoTer:  the  remainder  between  136°od 
140°  (Cahours).— 3.  The  acid  is  reaolveil  by  the  dry  distillation   of  ita  barian-Mlt 
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[Into  cftrbom'c  anhydride  and  pfliirgone  (CahoursV — 4.  It  ia  yiolentlj  acted  upon 


^Hinto  cftrlwnic  anhTd 

^^hy  pentachloridf  of  phorph/frys,  evolving  hydrochloric  acid  and  forming  oxjchloride  of 

P       phofiphoma  nndphloridp  of  ppUrgyl.     (Caooort.) 

PetarffonaU  of  Ammonium  is  crjstallino  (Gabours).  PelafBOnie  acid  sospoDded 
in  ammonia  and  heated  forms  a  transparent  jolly,  renpmhling  ^elatinoas  silica.  This 
jflly  difisolves  when  heated  with  a  lai^r  qonntitj  of  wat^r,  and  form«  a  milky  liquid, 
rea«>mbling  a  solution  of  soafv  <uid  oon^oling  in  the  cold  to  a  pap-like  jtlly.     The  salt 

I         dissolrcs  Tery  readily  in  cold  alcohol  i^Gerhardt).     The pu <o««i«m-  vid  sodium-Mits 

I        are  readily  soluble  and  crystalliiiable.     ^Cafaoors.) 

I  PtinrgtmaU  of  Barium,  C'"H'*Ba*'0»,  prepared  as  alwTe.  forma  white  scales,  haTing 

I        a  pearly  luHtro  (Gerhardt):  lar^e  hunince  resembling  i'hole8t«rin  (Redtenbacber). 

I        ContAins  no  wat«r  of  ci^t^t  alii  ration.    Dissolves  but  span'ngly  in  cold,  somewhat  more 

I  in  hot  water  (Oerhardt):  dissolves  in  water  less  readily  thaq  the  similarly  crys- 
tallising valerate  nind  aeniinthy]at«  of  barinm,  bat  more  readily  than  tbe  caprute.  It 
dissolves  with  difficulty  in  alcohol  (Hedtenbacher),  The  co/ciu/n- and  «'rcmfiU7n 
jo/ts  crystallise  from  alcohol  in  penrly  scales,  sparingly  soluble  in  water. 

Pf^artjonate  of  Copp^,  C**H'*Cu'0*,  is  obttiined  by  precipitating  the  alcoholic  am- 
monium-salt vnth  aqueous  nitrate  of  copper.  The  abundant  greeuish-blue  precipitate 
dissolves  in  boiling  alcohol,  and  on  evaporntioo  yields  drops  of  a  green  oil  which 
solidify  on  cooling,  and  when  dissolved  in  boiling  alcohol  crystallise  in  greenish-blue 
gnins  as  the  liquid  oools.  It  retains  2  at  water  at  100*^1  and  in  that  state  givM  by 
analysis  1645  per  cent  of  copper  (calc.  16-38). 

PeiargonaU  of  Silver^  <?H"AgO».  is  obtained  by  precipitating  the  hot  aqoeons 
solution  of  the  banum-salt  with  nitrate  of  silver.  Analysis  40*7 — 41*16  per  cent 
silver — calc  4076  per  cent, 

PeUrgonatf  of  Ethj/L  C'H^O'  -  (rE^\CW)0\  Pehtrgrmic  tihr.— 
Piodacod  from  chloride  of  pelargyl  and  alcohol ;  also  by  passing  dry  bydrochlorio 
acid  gns  through  alcoholic  pelargonic  acid,  wberenpon  thE<  ether  sepamTes  as  a 
yellow  oil.  which  is  to  bo  wasced  successively  with  sodie  carbonate  and  water,  then 
dri^d  ovor  chloride  of  calcium  and  rectified.  When  thus  purified  it  forms  a  colourless 
oil  of  specific  gravity  0  88,  boiling  between  216^  and  218°.  By  boiling  with  potash 
it  is  resolved  inTo  alcohol  and  pelurgonate  of  potassium.  The  so-called  ananthic  ethtr 
(p.  17*1)  is  pmlmbly  the  same  comjKjiind. 

»&A&aOirzc  AVKTSRXSa.  C"H"0"  -  {O^^OfO.  —  AnhydrovtPrlar- 
gonie  arid.  Pelarponic  pdargonate.  (Cahonra,  Ann.  Ch.  Phys.  [3]  XJtxix.  207.) — Ob- 
tained by  tlie  action  of  oxychioncle  of  phosphorus  on  pelargonate  of  barium.  Colourless 
oil,  tighter  than  water,  solidifying  at  0°  to  a  mass  of  flue  ueedlee,  which  melts  at  6^, 
Smells  fiUgbtly  rancid  in  the  cold,  bat  vinous  and  aromatic  when  mixed  with  hot 
aqueous  vapour.  Hpated  on  gltus,  it  evolves  acrid  fumes  and  the  odour  of  bumL  fat 
It  is  very  slowly  tnmtiformed  into  pelargonic  acid  by  water;  by  aqueous  alkalis  less 
easily  than  caprylic  anhydride^ 

Beneoptlargonic  Anhydride,  C"H«0«  ^  j  (>^»0  0.    Alwady  described  (i.  668). 

PEIiJlKCrOmc  ZTBBJU     See  PauLaooxATB  or  Ethtl  {Muprtt). 

PZlI*ilLRGTXi.     C*H''0.— The  mdicle  of  pelargonic  acid,  &c. 

Chloride  of  Pdargyl,  C*11"0C1,  is  obtainea  by  the  action  of  pentachloride  of  pbos- 
phonis  on  pelargonic  acid.  Alter  rectification  it  forms  a  colourless  liquid  heavier  than 
water,  having  a  sulTocaling  odour,  giving  off  dense  fumes  on  exposure  to  the  air,  and 
boiling  at  220^.  In  contiwt  with  alcohol  it  becomes  strongly  heated,  and  forms  pelar- 
gonate of  elhyl.     (Cahours,  loc.  cit.) 

PBI.B'B  HJklK.     A  capillary  Turiefy  of  obsidian  firom  Hawaii  (p.  I70). 

PBi.ZCAXriTB.  A  variety  of  cimolite  (i  986)  from  the  decomposed  granite  of 
Kicw  in  Russia. 

PBLZOM.  A  smoky-bloe  variety  of  dichroite  from  Bodeomuis  in  Bavaria 
(ii.  320). 

PBXAtmUHB.  A  base  formed,  according  to  Bodeker.  from  1tydraf«d  pelosine, 
by  contact  with  air  oad  light  On  irruting  the  yellow  product  with  alcohol,  pclluteine 
dissolvea  and  separates  on  cooling  in  brownish -yellow  flocks,  containing  (at  1 10*^)  73*9 
per  c*nt  carbon,  62  hydrogen,  and  3*8  nitiogen,  agreeing  approiimutvly  with  the 
fonnula  C'^H^'NO'.  The  cUorvplaimate  is  a  precipitate  containing  from  17'7  to  180 
per  cent,  platinum. 

paXtOOOirzTB.  A  varied  of  etipreons  manguieae  (iii.  814),  having  a  Uvar- 
brown  streak. 

PBXfOPHnV.     See  NioBtm  (p.  48). 

PB^bOBIVB  or  Ci$iamptUn4,  0*W^^Q^.  (VTiggers.  Ann.  Ch.  Pharm.  xxvii.  29  ; 
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sxxiii.  81.  Bodeker,  Uix.  63.)— An  alkaloid  contained  in  the  root  of  Pantraiem^ 
cotnmnnly  uttribated  to  CiAsamprlos  partira,  !>.,  a  shrubhy  m^nisT'enDaoecnilAi^ 
growing  <?hic*6/  on  the  wc»ody  liills  of  tlic  AntiUfS.  It  \a  obt*iii»«d  by  «xb«ifltix;jt^ 
root  with  dilute  sulphuric  acid,  proripitating  with  cArboD&t«  of  sodiam  (not  in  nem^ 
dituiolring  the  precipitate  in  ether,  and  eraporAtiog.  P&rcai*  root  jrielda  &offl  ^  ao^ 
of  ita  wi'iyht  of  polosiop. 

Ptilofun'*  obtAin<>d  oa  abore  forma  as  amorphous  transpArent  Tuntah.  OnaUqi 
water  to  the  ethereal  aolntion,  and  exp«*lling  the  etlier  by  diatillAtion.  it  MpttAeiai 
white  pulrenilont  hydrutp,  which  git**  off  its  wat<T  at  100**»  aad  leatTea  a  wW 
soluble  in  alcohol  and  ether.  Peloeinc  i»  insoluble  in  watf>r,  uiciystJtUisahle,  iiMdotva^ 
but  has  a  aweetiah  bitt«r  taste.  It  blues  reddened  litmus.  Wheo  dri«d  at  120^  a 
contains  71*0  to  72*0  per  cent,  carbon.  7*2  to  7'0  hydrogen,  and  47  oitroffiii,  agnvo^ 
ntwriy  with  the  above  formula  (calc.  722  carbon,  7*0  hydpoge-n,  4*7  niipogen,  aM  HI 
ozygftn),  which  is  tbu'same  as  that  of  codeine.  Acrurding  to  Bodeker.  hjrdntcd  pekau 
contaius  821  per  cent.  WHler. 

PeloHine  undorgoes  alteration  in  contact  with  the  air,  e^>ecia]lY  under  Utft  n 
of  h«t  and  moistture.     It  is  rt^iniacd  by  modrrtit«>Iy  strong  nitric  acid. 

The  M/f*  *>//v/«*in^  are  for  ihfl  most  part  rery  soluble  ami  difficult  to 
The  solutions  give  precipitates  with  aunc  and  platinic  chlorides.  The  kyi 
C"H"NO".HCJ.H^O,  is  best  pivpured  by  paMing  dry  hydrochloric  acid  gas  intn  i 
solution  of  prloAine  (previouRly  dried  at  120°)  in  absolute  elher.  The  salt  ii  t^ 
deposited  in  wliit«  flocks,  which  must  be  washed  with  the  same  liquid.  Wbeo  driolil 
tarvoB  an  antorphoun,  very  hygrometric  powder,  Tery  solubln  in  wat«r  and  in  alcaoi 
The  solution  leaves  a  varnish  when  evaporated.  The  salt  dried  at  110°  is  aohytln«t 
The  c«oro;?/«/iHa/r  2(C'"H"N0>.HCllPl"Cl*  (at  110^)  is  a  pale  ye-llow,  amorph^ 
strongly  electric  precipitatoL  The  chromcU,  C'»H"N0».Cr*'H*O*.H*0  (.?)  »•■  }f^ 
llocculent  preoipitAte  which  turns  brown  during  washing,  and  when  heated  a  U% 
degrees  above  lOU'^,  dccomposee  suddenly,  giving  off  chinoline  {?)  &ad  phfajfii 
tlcohol. 

9MKCA.TXTMm  A  variety  of  hydrodolomits,  found  on  VemTiua,  aad  at  Prcdiof 
in  South  Tyrol  Specific  gravity  2  534  to  2*613.  Contains  26'7  to  298  per  est 
carVHinic  aIihydnd^  3j-8d  to  35-7  lime,  249  to  238  magnesia,  and  166  to  10*7  w^^ 
agreeing  approximately  with  the  formula  Ca"CO".MgiEPO*.  (Roth,  J.  pr.  Chm 
j^xvi.  304.     Damour,  Bull,  geolog.  [2]  iv.  1052.) 

TTXaUJLVTAM  B7A3CBZ.     The  hoiiy  stem  of  an  East  Indian  fern,  CSheUm 

CvvtivQii  I  i.  1*62),  used  for  urresiing  liBemorrhage. 

PEWNXJIB.     A  vuriety  of  chlorite  from  Zennatt  in  the  VaJata  (i.  918). 

PEIVSITIS.    8yn.  with  HTDKOKicKKUtAOXEsiTB  (iii.  212). 

PBVTA.  A  prefix  denoting  that  a  compound  contains  5  atonns  of  tlie  detuat 
fpecifled  :  ^.^.  poitathioridc  of  pLufphorvf^VCr;  pmtachloracrtonf^  C*HC1*0. 

PBVTAOHZ.OROZT3UV    or    PBirrACBX.OBOXY&OVa.      One   of   tW 

producth  oliTaimti,  ui\-unliiig  lo  Gorup-Ile^Biu-z,  ty  the  uction  of  hypochloroni  aodcs 
creow)ip  (ii.  lO,"!). 

rBirTABUZ.PHO»TltOPHOS»KAXB     OT    ETHTZ>.       Se«      SuLFBOnm* 

FHORic  Ethers. 

FBirTSTHTZ.£nxc  AXiCOBOK.    See  BTHTiaara.  nr7)Ka.TB8  or  (a  677> 
PENTATBIOSTXC    ACZXl.      Seo  StTLPHTB,    OxTOBN-A.ai>s  OF. 
FSPIiOIalTB.     A  minonU  from  Ramsberp  in  Swedm,  having  the  composatioB  rf 

a  hydrous  dJchroite  (ii.  320).  Specific  gravity  2-68  to  2-75.  Pontains  4S-9o  per  oat 
fliliofl,  3051  alumina,  6"7  ferrou."  oxi<K  7'99  magnesia,  0*60  lime,  and  8*30  watir. 
(CnrliPBon,  Kongl.  Vet.  Acad,  Forh.  1857,  p.  241.) 

PBVBiar.  (Schwann,  Aliiller'sAreh.  1838.— Wasmann,  Dissert.  1839.  Leba 
Phys.  Ch.  ii.  40, — Brucke,  Wjen.  Acad.  Ber.  rliii.  601. — Schmidt,  Ann.  Oi 
Pharm.  Ixi.  22. )—  The  "  active  principle  "  or  digestive  "  ferment "  of  gastrie  jnice.  Th« 
n;*mp  was  first  used  by  Schwann.  He  precipitated  giistric  juice  or  acid  infostOB  rf 
stomach  with  mercuric  chlorid**,  ousprnded  the  pr**cipitnte  in  water,  and  got  rid  of  the 
mercury  by  ^uIph^Jretted  hydropen.  The  limiid  thus  obtained  very  speedily  disaoJrtdor 
digedlrd  albumen,  &c.,  ut  a  blood-hest;  ana  Waft mann showed  that  from  itooaUbt 
precipitiited  by  alcohol  a  substance  which,  when  redissolved  in  dilute  acids,  exhibitfJ 
the  same  digeative  powers,  Hud  to  which  the  name  of  pepsin  was  givn.  Pepsin,  thta 
prepared,  was  from  its  reactionii  judged  to  be  a  protain-hody.  But  MiUder  obtaiud 
artificial  digestive  fiuids,  free  from  proteic  reactions,  and  quite  recently  Brucke  )m 
been  able  to  prepare  pepsin  in  a  state  of  grpiitcr  purity.  An  infusion  of  the  glandolaf 
Uyn  of  the  stomach,  tnade  with  dilute  tribasic  phosphoric  acid,  is  fUteied  and 
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tndifM^  with  Uine-wat«r.  The  bulky  precipitate  of  calcic  phosphate,  which  oarripa 
down  with  it  mechanically  the  greater  part  of  the  pepein,  is  collected,  washed,  presned, 
and  treated  with  dilute  hydrochloric  acid.  The  sulution  is  again  precipitated  by 
lime-water,  and  the  deposit  again  dissolved  in  dilute  acid.  To  this  second  solution  la 
gradually  added,  by  means  of  a  long  filter  reaching  down  to  the  bottom  of  the  vessel, 
m  satorated  solution  of  cholesterin  in  a  mixture  of  1  part  ether  and  4  alcohol,  and  the 
whole  is  well  Nhuken.  The  cholesterin,  with  the  mechanically  entangled  pepsin,  is 
■eparated  by  filtration,  well  washed,  and  treated  with  ether.  The  ether,  holding  the 
cholesterin  in  solution,  is  then  poured  off,  and  the  remaining  liquid  filtered.  The 
filtrate  which,  when  feebly  acidified,  acts  very  energetically  on  protein-bodies,  gives 
BO  precipitate  with  mineral  acids,  tannin,  or  mercuric  chloride,  and  only  a  turbidity 
vith  the  acetates  of  lead.  It  gives  no  xanthoproteic  reaction,  and  is  not  coloured  by 
■ulphurie  acid  and  sugar,  or  by  strong  hydroi^oric  acid.  Pepsin  appears,  therefore, 
not  to  be  a  protein  body ;  that  of  previous  writers  evidently  contained  other  substant^s 
beside  the  acta&l  "ferment"  itselt 

Pepsin  is  only  active  in  a  dilute  acid  solution.  It  is  apparently  more  active  in 
eoiuanction  with  hydrochloric  than  with  lactic  or  other  acids.  A  too  high  or  too  low 
degree  of  acidity  is  injurious,  O'OS — 0'2  per  cent,  of  hydrochloric  acid  being  about  the 
aaoat  suitable.  Neutralisation  suspends,  without  destroying,  the  action  of  a  dilute 
acid  solution.    Strong  alkalis  seem,  however,  to  ii^ure  pepsin. 

The  temperature  best  suited  for  the  action  of  pe{Kiin  is  that  of  the  body.  According 
to  Brinton,  the  particular  degree  varies  with  t-be  individual  temperature  of  tha 
animal,  the  pepsin  of  fishes  being  inert  at  the  temperature  of  the  mammalian  body. 
Ib  general,  temperatures  above  tht^  of  the  body  are  injurious ;  those  below  retard  tha 
action.     A  solution  of  pepsin  is  completely  deprived  of  its  energy  by  boiling. 

JPepsin  appears  not  to  be  used  up  or  consumed  during  digestion ;  that  which  is 
poored  into  the  alimentuy  canal  during  digestion  passes  out  in  part  by  the  urine  alter 
It  has  done  its  work,  and  may  be  recovered  from  that  fluid.  Briicke  found  it  also 
in  flesh. 

The  modus  operandi  of  pepsin  is  unknown.  It  is  usually  called  a  "  ferment,"  but 
•ome  other  name  seems  to  be  needed  to  distinguish  its  action  from  such  a  process  as 
Tinoos  fermentation.  The  theory  that  "the  action  of  gastric  juice  is  a  transfer  to 
albumin,  &c.,  of  a  molecular  change  going  on  in  the  gastric  juice,  pepsin  and  peptone 
being  esaentially  analogous  to  each  other  in  properties,"  is  distinctly  negatived  by  the 
&ct  of  pepsin  not  being  a  protein-compound ;  and  we  may  infer,  from  pepsin  not 
being  nsea  up  in  digestion,  and  from  its  possessing  in  itself  no  great  proneness  to 
change,  that  any  "  energy  "  which  is  concerned  in  peptonification  does  not  come  from 
the  pepsin  itself. 

PefMin,  as  secreted  in  the  so-called  peptie  glands  of  the  stomach,  is  neutral ;  the 
secretion  becomes  acid  in  the  ducts  of  the  glands  (Briicke).  Schmidt  supposes 
that  pepsin  and  hydrochloric  acid  unite  to  form  a  compound  acid,  the  chloro-hydro- 
pepsic  acid. 

The  action  of  pepsin  is  hindered  by  the  presence  of  peptones.  Hence,  when  portions 
of  albumin,  Ac,  are  successively  added  to  a  given  quantity  of  solution  of  pepsin,  the 
process  of  digestion  is  at  last  arrested.  The  addition  of  fresh  dilute  acid  will,  however, 
renew  it. 

A  preparation  has  become  an  article  of  pharmacy  under  the  name  of  pepsin.  It  is 
obtained  by  drying  the  glandular  layer  of  pig*8  or  oftlfs  stomach  at  low  temperatures. 

M.  F. 

YBVTOirafl*  (Lehmann,  Lehrb.  i.  318. — Brncke,  Wien.  Acad.  Ber.  xxxvii. 
131.— Meissner,  Zeitschr.  Rat.  Med.  vii.  1,  viii.  280,  x.  1,  xii.  46,  xiv.  78,  303.) 
—Derivatives  of  the  protein -bodies  arising  during  the  process  of  digestion ;  albnmi- 
Boee  of  Mialhe.  According  to  Lehmann  and  Mulder,  the  peptones  are  white 
amorphous  bodies,  insoluble  in  alcohol  but  readily  soluble  in  water,  the  solution 
reddenins  litmus.  They  form  soluble  neutral  compounds  with  alkaline  and  earthy 
bases.  The  feebly  acid  solutions  are  not  coagulated  by  boiling,  not  precipitated  by 
alcohol,  mineral  acids,  carbonate  of  ammonium,  sulphate  of  sodium,  nentral  acetate  of 
lead,  or  ferrocyanide  of  potassium,  but  by  timnin  and  mercuric  chloride.  They  turn 
the  plane  of  polarisation  to  the  left,  and  give  Millon's  and  the  xanthoproteic  reaction. 

Meissner's  account  of  these  bodies  is  as  follows.  When  the  opalescent  fluid 
resulting  from  the  digestion  of  coagulated  albumin  with  pepsin  and  hydrochloric  acid  of 
O'l — 0-2  percent  strength,  is  filtered  and  carefully  neutralised,  a  white  flaky  precipitate 
ii  thrown  down,  which  may  be  separated  by  filtration,  leaving  the  rest  of  the  liquid 
perfectly  clear.  The  acid  solutions  resulting  from  the  digestion  of  casein,  muscle- 
fibre,  and  blood-fibrin,  give,  when  neutrulised,' a  similar  precipitate,  which  Meissner 
c^b  parapeptone.  When  the  clear  neutral  fluid  remaining  after  the  separution  of 
the  parapeptone  is  carefoUy  acidified,  so  that  the  amount  of  free  acid  is  very  small,  a 
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•eeood  precipitate  is  formed,  vhich  ako  bia;  be  r^movvd  by  filtration,  ax^  to  vttA 
the  name  of  metapeptone  haa  been  giTrn{onl7  a  v*Ty  snmll  quantity  of  tha  botf 
eftn  b«  obtained  by  the  digwtion  of  alburuiu).  The  filtrate  cuntains  the  p^toati 
When  fibrin  orcMein  is  expoB<«d  to  artificial  digf«tiou.  tii©  whole  i»  not  dunif< 
howpTer  long  the  proe#*8  mny  be  earned  on  ;  a  flaky  pre«ipiliit«  is  alwayi  ian»^ 
and  this  Mt^issnur  calls  dyspeptone.  Besides  theae  bodies  the  sedations  tl«ip 
contain  rarioufi  salino,  fatty,  nnd  eilmctive  hodiw,  in  spite  of  the  roopt  carcfni  el«nar 
uf  the  ortgionl  protrin-sabwtaiu'ed.  MniKKner  defc?rib<«  th*»  r»eptoneof  albumin  as^mKi 
Lehmunn*!!  r«uL-tion8,  but  t!it:tteM  that  the  peptone  of  nnuKie^fibre  is  also  preeunteW 
by  alcohol,  the  niTrHU>s  of  mr-rfury  and  silver,  ffrrocyanide  of  potaasiam,  aal  )nr 
acetiite  of  lead.  He  further  believeN  that  the  peptone  of  fibrin  ia  a  mutuzv  (tf  Am 
bodies ; — a,  peptone  prticipitated  by  concentrated  nitric  acid  and  by  ferroeyaeiiU  of 
potat>eium  in  the  presence  of  a  small  quantity  of  acetic  acid ;  6.  peptone  pred^liM 
by  ferroc^anide  of  potaasium  only  in  the  presenoo  of  much  acetic  acid,  and  noi  at  il 
by  nitric  acid ;  e.  peptone  precipitated  by  neither. 

Parapeptone  (from  albumin)  is  insoluble  in  irat^r,  but  ▼err  aolubla  in  dilate  a^ 
and  alkAlis,  from  its  .lolutions  in  which  it  may  be  precipitated  by  a  mixture  of  alooU. 
and  ether  (tut  not  by  alcohol  aloneX  also  by  tannic  acid,  basic  acetate  of  lead,  and  amu 
ric  chloride.  From  its  aeid  solutiuos,  it  is  precipitated  by  eoncetntrated  solutioaaef  tW 
neulml  nlkidine  salla,  and  from  its  acetic  acid  solution  by  ferrocyanidc  of  poCanan. 
It  gives  Milion's  reaction.  The  parapeptones  of  fibrin  and  mnscle-fibre  arr  similar  tA 
that  uf  albumin.  That  of  casein  is  distinguished  by  the  precipitate  formed  by  nentnl 
alkaline  salts,  being  soluble  in  exccsa  of  the  reiagent.  Inasmuch  as  pmapepH— 
appears  at  erery  stage  of  the  (artificial)  digestion  of  protein-bodiev,  inert MUif  h 
ainonnt  as  the  proceas  continues;  and  aince  it  cannot  by  the  action  of  pepaia  U 
convezted  into  peptone,  Meissner  regards  it  as  a  distinct  final  product,  and  not  as  \ 
mere  stage.  Hebelierea  that  pancreatic  juice  has  the  power,  which  gavtric  juiot 
not.  of  conTerting  it  into  peptone.  The  bodies  he  bus  odled  nieta-  and  d: 
considers  as  mere  temporary  modiflcatioos  of  peptone  and  parapeptone. 

Brucke,  on   the   othtr  hand,  asserts  that  parapeptone  is  eaaily  conTcrted 
peptone,  is  not  in  any  ^ense  a  final  product,  und  considers  its  precipitation  finMs  thii 
original  opulescent  fluid  by  a  neutral  salt  or  by  neutraliftatinn,  to  be  a  meeha&ial 
rather  than  a  chemical  process.  Others  bold  parapeptone  to  be  identical  with  sjDtcana 

The  peptones  cannot  be  produced  by  the  action  of  dilute  mineral  acidly  ia  tfc» 
absence  of  pepsin,  at  tlis  tempi*ratare  of  the  bod^,  but  t-ho  change  may  be  bno^ 
about  hf  prolonged  boiling  either  with  dilute  acids  or  with  distilled  wmtar.  Ai 
action  uf  ozone  also  gives  nse  to  similar  products  (Gorup-Beaanez).  Thiry  girei 
the  r-lcmentiiry  compoaition  of  parapeptone  ns  C  51*34,  H  7*26,  N  16*18,  9  3  11, 
0(+P)  'iS'll;  of  peptone  (obtiiinfd  by  prolonged  boiling  with  distilled  water) 
C  50-87,  H  7*03,  N  16-34,  S  1-64,  0(  +^)  24-li!,  that  of  the  albumin  uaed  for  Um 
experiments  and  prepared  by  neutralising  a  solution  of  white  of  egg  in  dilate  hTdr> 
chloric  acid  of  0*2  per  cent  strength,  being  C  61*37,  U  713.  N  16*00,  S  213,  0(> F) 
23-38. 

The  protein -bodies  from  the  vegetable  kingdom  are  in  a  similar  way  changed  bj 
the  acti<in  of  pepdia  into  peptones  (and  parapeptone).  Ut«lutin  appears  to  be  meicty 
dissolved  by  the  acid  of  gastric  juice,  not  cniivtrt(?d  into  pfptoncs  ;  chondnn  is  ^d 
up  into  a  peculiar  sugar  (cartiUge-sngar)  and  a  nitrogenous  body  resembling  gditiiL 
(Meissner.)  H.F. 

PIUK.  A  prefix  used,  for  the  most  part,  to  denote  that  the  compound  to  which  it 
belongs  is  the  highest  of  a  certain  series :  r.g.  perchloride  of  phosphorus  PCI*,  per* 
oxide  of  manganese  MnO'.  The  term  ptrcxitU  wa«  formerly  r*'«tricted  to  oxides  Kki 
MnO*  and  PbO*,  which  give  up  a  certain  portion  of  their  oxygen  when  treated  WTti 
acids,  and  form  salts  correspouding  to  lower  oxidee ;  bat  this  use  of  the  word  is  now 
nearly  obsolete. 

FBRBROntZC  AOZ3>.  BrHO*.  (K&mmerer.  J.  pr.  Chcm.  xc.  190;  Boll 
Soc.  Chim.  1863,  i.  129.) — Obtained  by  the  action  of  bromine  on  perchloric  acid.  On 
evaporating  the  liquid  over  the  water-buth,  perbromic  acid  remaina  as  a  Of^onrless  oil, 
which  is  not  decomposed  by  hjdrocbloric,  sulphurous  or  anlphydrio  add.  Ftrim^ 
ofpotaBtium  is  obtained  as  a  orystalhne  precipitate  on  mixing  concentrated  snloliou 
of  perbromic  acid  and  caustic  potash  or  chloride  of  (x>tueHium  :  it  is  more  aolahk  tfasa 
perchlorate  of  potassium,  bat  less  soluble  tbmi  the  bromate. — The  barium^aif  is  rmf 
soluble  in  boiling  water.— The  silvrT'^alt  is  sparini^ly  soluble  in  cold,  moeh  Doct 
soluble  in  boiling  water,  and  oryBtAllises  in  long  needles  on  cooling. 

PBaCHXiOSATSB.  MCIO*  or  M'Cl'O*.  according  to  the  atomicity  of  the 
metaL  The  general  cbaructcrs  of  these  salts  have  been  already  described  (see  Cbxowss^ 

OXYQIOI-ACIDS  OF,  1  010). 
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Perehlnratt  of  Ammonium^  N1I*CI0\  forms  transparent  rectangular  prisma 
with  dihfdral  sammita;  bomorpboua  with  tfa«  potoMmro-salt  (p.  37t>) ;  a  :  6  :  c  '^ 
0  7026  :  I  :  0*6409.  Angle  odP  :  ooP  (macr.)  «  76**  41';  Poo  :  P  fbusttl)  - 
77-*  do  (KoppV  It  \B  soluble  in  fi  pts.  wuter,  somrwhat  soluble  aUo  in  &lronoL  The 
solution  when  eraponited  gives  off  ivmmonia  and  bromic  arid.  It  is  aolobU  in  exMM 
of  perchloric  acid,  and  ia  toen*fbre  prpcipitatrd  bjr  the  latter. 

Percklorate  of  Sarium,  Ba"Cl'0»,  obtained  by  satarating  the  acid  with  caustic 
buyta  or  barrtie  carbonate,  or  hy  decompo«ing  the  zinc-salt  with  b&ryU-watcr,  crystal* 
lisea  in  long  deliqae^cent  prisms,  eaailj  soluble  in  water  and  in  alcohoL  Paper  Mtu* 
rated  with  the  aqneoun  solution  bams  with  a  green  flume.     (Sernllas.) 

Percklorate  of  Cadmium,  CdTCiH)*.  Deliquesoenl,  but  crjstallisef  wbcn  its 
•qaeouB  solution  is  eT?iporat«d  bj  heat.     (Serallas.) 

Percklorate  of  Calcium.  Ca'Cl^O*.  Very  deliqnescentf  dystallises  in  prisms 
soluble  in  alcohol.    (Serallas.) 

Percklorate  of  Copptr,  Cu*Cl*0*,  form  large  blue  deliqnescent  crystals, 

Baaic    Percktoratt    of    Cupr ammonium,     (N'H*CuTCI"0«.2(NH')H0   - 

HI*    1 
Cu"     y^4,  obtained  bydtasolTiag  cuprie  carbonate  in  perchloric  acid,  auper»atuiating 
(CIO')M^ 

with  ammonia,  and  covering  the  solution  inth  a  layer  nf  alcohol,  forms  dark  blue  non- 
deliqaesceot  crystals  which  crumble  to  a  green  powder  on  expoaure  to  the  air.  The 
eoDC«vtrated  aqueous  solution  is  completely  decomposed  by  boiling  into  &ee  ammonia, 
perehlorate  of  ammonium,  and  black  oxide  of  coppcir.  (Roscoe.  Ann.  Ch.  Phono, 
cxxi.  346.) 

Pfrekloratei  of  Iron. — T)xe  ferrous  tail,  Fq"C1'0*,  obtained  br  procipitating 
ferrous  sulphate  with  perchlomte  of  barium,  forms  long  mlourless  npedlps  which  may 
be  exposed  to  the  air  for  some  rime  without  decomposing,  but  ullimately  turn  yellow 
&om  formation  of  basic  salt  (Serullas).  By  dissolring  meloUic  iron  in  dilute  hydro- 
chloric acid,  the  ^t  ia  obtained  in  small,  greenish -white,  very  deliquescent  crystals, 
containing  Fe''Cl'0*.6H'0,  which  do  not  give  off  their  water  either  in  vacuo  over 
oil  of  vitriol  or  at  100^,  but  decompose  at  higher  temperatures  (Boscoe).  The /crrto 
9oit  ia  not  known. 

Perekloratrt  of  Lead. — A  solution  of  lead-oxide  in  aqucons  perchloric  acid 
yields  by  spontaneouB  evaporation,  a  mass  of  indistinct  tmicutar  crystals  of  the  neutral 
salt  ^Pb''Cl'0".3H^0,  according  to  Roscoe),  easily  soluble  in  water,  end  baviiig  a 
sweetish  astringeut  taf^te.  The  crystals  do  not  give  off  their  wator  in  vacuo  or  at  KMP 
(RuBcoe).  On  boilimg  the  concentrated  solution  with  a  large  ezcpsa  uf  lead-carboDate, 
and  evaporating,  indistinct  lustreless  crystals  are  obtained,  which  are  resolved  by 
water  into  a  soluble  and  nn  iiiftoluble  portion  ;  and  the  solution  thus  obtained  yields  on 
evaporation  a  batic  salt,  Pb"CW.Pb''H'0',  in  ciyfitals  of  two  different  forms,  one  of 
which  becomes  dull  when  taken  out  of  the  liquid,  while  the  other  remains  bright  and 
transparent.  (Marignac,  Heckerchet  tur  lis  formes  cry ttallincs,  &o.,  Geneve,  183\ 
p.  36.) 

Percklorate  of  Mangane$t,  Mn''ClH)'. — Deliquescent,  soluble  in  alcohol,  not 
cryst  all  i  sable. 

Percklorates  of  Mercury, — The  mercurous  talt,  Hg'ClOVaH'O  (Roscoe), 
crysfallisM  in  small  concentric  needles  which  do  not  alter  on  exposure  to  the  air  at 
orainary  temperatures  (Serullas),  and  do  not  give  off  their  water  in  vacuo  or  at  100** 
(Roscoe).  The  mercuricsalt,  Hg''Cl"0*,  crystalUseswhen  eruporated  by  heat,  in  colour- 
less, rectangular,  very  deliquescent  prij^ms.  which  di8S<^ve  in  alcohol,  leaving  a  white 
subslance  which  turns  r»'d  during  filtration,  and  conaistA  mainly  of  mercuric  oxide. 
The  liquid  filtered  from  this  precipitate  yields  on  eraporation  a  mixture  of  mercuroos 
and  mercuric  oxide.    (Serullas.) 

Percklorate  of  Potassium.  KCIO*. — This  salt  is  produced  bythedecompositioa 
of  the  chlorate :  1.  Chlomie  of  potassium  i?  kept  in  a  state  of  ftision  till  it  begins  to 
aamme  a  painty  condition,  or  till  about  four  litres  of  oxygen  gas  have  been  given  off 
for  every  thirty  gmmmps  of  the  ealt.  The  residue  then  consists  of  a  mixture  of  peir- 
chlorate  and  chloride  of  potiutsium : 

2KC10«       -       KaO*     +     KCl     +      0». 

If  it  still  contains  undecomposed  chlorate,  a  sample  treated  with  hydrochloric  acid  will 
exhibit  a  yellnw  colour ;  in  this  case  the  healing  must  be  prolonged.  On  dissolving 
the  residual  aalino  mass  in  the  smallest  possible  quantity  of  boiling  water,  and  leaving 
the  solution  to  cool,  perchlorate  nf  potoKHJuni  spparatee  in  smail  abming  crystals  which 
Day  be  freed  from  chloride  by  rccrystalhsation. 
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3.  Chlorate  ot  potauium  is  fUsod  lit  m  gentle  heat,  then  tntrodaoiHi  in  as  Urg» 
as  possible  into  li  retort,  and  corered  with  thrc«  and  a-holf  to  four  timca  'Am  veifphl  4 
■trong  sulpburic  acid.  Thn  provioiis  fiunon  of  Uie  suit  is  ncce«aary,  to  dimim^  tbi 
nnrnWr  of  pointa  of  mnta^'t  with  the  acid,  and  thoR  to  moderate  the  actioD,  which  ai^ 
otherwise  become  so  rapid  as  to  cause  a  daogerous  explosion.  Ab  soon  as  ^sbm 
bus  ceaKcd  to  rive  off*  a  yellow  gas,  ibe  retort  must  be  plunged  iato  wntrr  bestdn 
abore  60°,  and  to  such  a  depth  as  to  warm  only  the  saline  mixtur<e,  not  lh«  ^  ihm 
it.  The  ftiline  mass  becomes  colourless  after  a  whilft,  and  then  coniifUte  of  a  micwtd 
acid  Kulphate  and  percblorute  of  poCaaaum,  the  latter  of  which  may  be  cx79talliM4  hm 
boiling  water  and  purified  bj  rectjitalUsation  as  berore. 

S.  Perchlorste  of  potassium  may  also  be  obtained  by  beating  the  chlonUe  with  tbm^ 
nitric  acid  (Pennyi  J.  pr.  Chom.  xziiL  206). — i.  By  electrolysia  of  the  chlorate  (Sta- 
d  i  0  n ). 

Perchlorate  of  potnfsium  CTystaUisea  in  limpid  right  rhombic  prisnis,  otp  .  P«,  tii 
lutt«r  often  predominant;  also  with  oP  and  other  laces.  Ratio  of  axes  a:h:t  » 
07817  :  1  :  0-6408.  Angle  ocP  :  odP  in  the  macrodiagonal  principaU  sertioo  ■■  7^t, 
Px  :f:o  (baiuU)  »  78°  41' (Kopp).  The  erystaU  are anhjdnma  bat  contain afiMs 
decrepitation- water.  The  salt  bos  a  slight  taste  lilce  that  of  the  chloride,  disBohresii 
66  pta.  wat<>r  at  16^,  in  a  much  smaller  Quantity  of  boiling  water,  mnd  ia  iosolnUe  or 
rery  aparinglv  soluble  in  alcohol  (Seralfas).  According  to  Ros  coe,  it  is  sa  wehH» 
iit  absolute  alcohol  as  carbonate  of  barium  in  water,  but  m  alcohol  oontainii^  a  miA 
quantity  of  acetate  ofpotasfiinm  it  is  absolutely  insoluble.  Whoa  heated  above  400^ 
it  is  resolved  into  oxygen  and  chloride  of  potanaium.  It  deflaffTvles  slightly  on  rad-bgi 
coals.  In  conseqaence  of  the  sparingly  solubility  of  this  salt  id  water,  p«Mhlorie  aod 
furras  a  precipitate  in  the  solutions  of  nearly  all  potassium-salts,  even  of  alionMd 
tartar-emetic. 

Perchlorate  of  Silver,  AgCIO*,  does  not  crystallise,  but  fonnaa  white  powii^ 
which  deliquescea  in  the  air  and  is  soluble  in  aliH)hoL  The  aqueous  Holution  imrm 
brown  in  sunshine.  The  dry  salt  may  be  fused  without  much  decompoaition,  aodsuiid- 
ifles  in  the  crystalline  form  on  cooling  ;  but  at  a  higher  temperature  it  suddenly  pra 
oiT  oxygen,  and  leaves  chloride  of  silver.     (S  e  r  u  1 1  a  s. ) 

Perchlorate  of  Sodium,  NaClO*,  maybe  prepared  by  direct  combiutition,  or  by 
heating  the  chlorate  with  strong  nitric  acid.  It  is  deliquescent,  soluble  in  alcohol,  aad 
separates  from  the  solution  in  transparent  laminie  (SeruUas);  rbombohednoi 
(Penny). 

PerchtotatfofZinr,  Zn"Cl*0*,  cryatallisee  by  cvaporatioD in  tufta  of  deliqoesemt 
needlPHj  soliihlf  in  alcuhnl. 

rzmCSliORXC  BTBSm.  C'lI'CIO*.  Ethylic  PercKlorate.  Perchlornt^  of 
nhyl.  (Clark,  Hnre  and  Boyle,  Phil.  Mag.  [3]  xix.  370.— Koccoe.  them.  Set  J. 
XV.  213.) — This  compound  is  best  prepared  by  distilling  a  mixture  of  ethylnmlphate 
and  perdilorate  of  barium.  An  alcoholic  solution  of  percblorute  of  silver  treated  with 
cthylic  iodide,  even  at  ~  10°,  jields  merely  perchloric  acid  and  ethylic  oxide,  and  oa 
bringing  perchloric  acid  in  contAct  with  alcohol  or  ether,  a  violent  explosion  generally 
takes  plaoe.  1  Ht,  perchlonite  of  barium  is  rubbtMl  to  a  fine  powd'-r  with  1  at,  c»yirf«l- 
lised  ethyl-RuIphnte  of  barium  ;  and  a  small  quantity  of  the  mixture,  not  exceeding  SD 
grains  (on  account  of  the  danger  of  explottioii),  ts  introduced  into  a  small  retort  ma- 
nected  with  a  tube-shaped  receiver  surrounded  with  ice  and  heated  in  an  oil-bath 
provided  with  a  thermometer,  by  means  of  an  Argand  lamp,  which  can  be  qoiddy 
rvmovod.  A  wooden  screen  with  holes  flllixl  up  vilh  platfs  of  glass  must  be  plsecd 
for  protection  between  the  operator  and  the  retort.  No  nrfton  takes  place  oil  Chi 
temperature  via^s  to  100°,  and  «o  long  as  the  water  (of  crystaUi»atioQ)  has  not  pswM 
over,  there  is  no  fear  of  fiplusion.  But  above  100°,  the  heat  must  b€  TOj  akmly 
raised  to  171°  at  whirh  temperature  the  distiUation  comes  to  an  end: 

C^H'"Ba"S'0*   +    BftTPO»     -     2Ba"S0*   +   aCUHnO*. 

^ith  perchlorate  of  pota.9J>ium  tho  operation  does  not  succeed ;  neither  ea.n  the  edw 
be  obtained  by  the  use  of  ethyl-auIphurictM'id  intttend  of  the  bariam-aiilt. 

The  perchloric  ether  collects  iu  the  receiver,  cover»Hl  with  a  layer  of  water.  Ths 
water  is  removed,  without  taking  the  receiver  in  the  hand,  which  might  c&use  an  ex- 
plusion — -by  means  of  a  strip  of  paper  moistened  at  the  end.  To  preserve  the  per- 
chloric ether  without  danger,  it  mav  be  mixed  with  absolute  alcohol :  fur  a  mixture  of 
1  to  2  parts  absolute  alcohol  with  iLe  perchloric  ether  obtained  from  1  pt.  ethyl-sul- 
phate of  barinm  does  not  explode.  The  pure  ether  may  lya  agnin  separatad  ft\nn  ihis 
mixture  by  the  addition  of  an  equal  bulk  of  water  ;  the  scpurution  is  however  aJ 
attended  with  loss,  because  the  water  exerts  a  decomposing  action  on  the  ether.  All 
manipulations  with  this  compound  should  be  performed  with  gloves  on  the  hsjid,  asd  a 
mask  with  thick  eye-glasses  before  the  face.     (Hare  and  Boyls.) 
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See    OxTXAFHTHlXtO     ACTD    (p. 


PKRCHLOUOPLATIXOCYANIDES— PEROXIDES. 

Ro9C06  distils  sd  intimste  inixttire  of  eijual  weights  (10  gnns-)  of  the  two  salts  in 
a  ftmall  retort  heated  in  an  oil-bath,  the  neck  of  the  n-iort  bemg  heat  downwards,  and 
pHMsing  into  a  teat-tubc  cxintuiniiig  a  small  quantity  of  wuler.  About  2  cub.  ceut.  of  aa 
oiU  liquid  heavier  U^rq  water  then  passes  orer  between  140^  and  160°,  and  at  170° 
white  fumes  of  perchloric  acid  are  given  off.  The  oil^ distillate  is  purified  by  repeated 
washing  with  waUT. 

Perchloric  ether  is  a  transparsat  and  oolooriess  liquid,  heavier  than  water,  of  agrev 
able  odour,  and  sweet,  afterwards  bitter,  cinnamon-like  taste,  insoluble  in  water,  soluble 
in  etiier.  At  lOU-'  il  either  explodes  or  swells  up.  It  is  the  nioft  violently  ejiplosive 
of  all  known  cunipounda^  the  explosion  being  induced  by  hnat,  friction,  percussion,  and 
uftru  taking  pluee  without  any  extrmal  cause.  When  dry  it  explodes  on  being  merely 
poured  from  one  vesi^l  to  another.  The  least  drop  explod'^l  on  iin  open  porcehiin  basin 
cmmhlen  it  Lo  powder.  If  the  above-mentioned  mixture  of  peruhloric  ether  with 
alcohol  be  poured  into  a  baf«ia  contaioing  an  equal  quantity  of  water,  the  greater  part 
of  the  hydrated  alcoliol  poured  off  frum  tiie  drop  of  perchloric  ether  which  falls  to  the 
bottom,  and  the  remaining  liquid  thrown  un  a  wet  filter  supportod  by  a  wire  ftinuel, 
no  thiit  the  watery  liquid  may  run  off,  the  drop  of  petvhluric  etl^  which  remains  on 
thf  filter  may  be  exploded  by  contact  with  a  hot  botly  ur  by  the  blow  of  a  hammer. 
Its  ik'lution  in  a  sufficient  quantity  of  alcohol,  however,  bums  away  completely,  when 
set  on  fire,  without  the  le:ist  explosion.     (Hare  and  Boyle.) 

Perchloric  ether  does  not  dec«)mpose  when  kept  under  water;  but  undei:goes  partial 
decomposition  when  s'-puruted  by  water  frwm  iu  alcoholic  solution. — AlcotiOlic  potash 
added  to  the  mixture  of  perchloric  ether  and  alcoliol  instantly  produce!  complete 
decompusitiou  of  the  ether,  and  throws  down  a  larger  quantity  of  putassic  per- 
chlorate. 

VBSiCSXOBOPXtATlJi OCTASZOBS.  Sec  PuLTint'V,  CrjLxmBS  or  (ii. 
268). 

PlIRCHI.OBOQTrZNOXS'X.     See  QuiNOXB. 

VEKC&XtOnOS.tTBIAN'.     See  RvBiAir. 

VB^CB:bO&OXTirAPBTBA.XiZC  ACID. 

313;. 

PB&CTXZTS.  A  mineral,  crystallised  in  cubes,  from  Sonora  in  Mexico,  con- 
taining, at'eonimg  to  Percy,  chlorine,  lejid  and  copper,  in  the  proportion  084  :  2'16  : 

0  77,  whence  ho  regards  it  as  Pb»Cl"O.Cu'ClK).HK).  (PhiL  34ag.  [3]  xxxTi.131; 
Jahreab.  US/jI).  p  763.) 

PZBXIsmiL  An  alkaloid  oCcurnng  in  the  bark  of  Pao  Pereira  {VaVrxia 
inedita),  an  HjKwyMnceous  tree  growing  in  the  Braah'an  forests:  it  poeeesscs  febrifu- 
gal properties.  (Gous,  Pharm.  Centr.  1H39,  p.  610.— Peretti,  Ajinali  medic,  chirurg. 
dii  Koma,  i.  fascic  3.) 

PEBZCLASB.  firngnnsia  with  6  to  R'5  per  Cent,  ferrous  oxide,  occurring  in  cnbes 
on  Munto  Somma,  dis^-minated  through  ejeetMl  masses  of  a  white  lime-stone,  sad  in 
cp'tts  of  clustered  rryiitaU,  sumetimes  witli  white  olivine  and  earthy  magneaite. 
(bamonr,  Ann.  Min.  [9]  iv.  381. — Scacchi,  J.  pr.  Chem.  xxviiL  486.) 

^"EMXCl^TK,    Syn.  with  Auin-B  (eee  FKMS'aa,  ii  621). 

PB&ZSOTa.     Syn.  with  Olivix  (p.  201). 

VmUMO&VXOlirB  CRTSTA&S.     Crystals  consisting  of  an  envelope  of  ona 

mineral  with  a  nucleus  of  another,  the  extemul  form  of  the  crystal  being  that  of  the 
envelope  ;  for  example  at  Areudal  crystals  are  found  havinf;  the  form  of  garnets  and  an 
external  envelope  of  that  mineral,while  the  interior  eonsista  of  calcspar  (Jahresb.  1868, 
p.  "JO;    1861.  p.   966). 

PBSIODXC  ACZB.     See  loscvB,  OxTOKf-ACxns  OF  (iit  307). 

PEBISTBBZTB.     Albite  ^m  Perth,  Lower  Canada  (see  Fslspak,  ii.  622). 

PSBIiZTB.     Syn.  with  Pruu^onk  (p.  368). 

PBBiVAJarxVT  WUITB.    Sulphate  of  barium,  used  as  a  water-colour  pigment. 

PBBHOAIVOABATBS.     iSee  Ma^OANIC  AciDS  (Ui.  819). 

PBROFSBSTE  or  PZJtO^irSBXTB.  TiUnule  of  calcium,  occurring  in  cubes 
and  other  monometric  forms  at  Achniatousk  nearSUtoiut  in  the  Ural  (Ma  TiTAJiaTu). 

PSBOWVKXir.     See  Tiufhyun. 

PBBOZXDSS.     Sec  OxTOiN  (pp.  304,  309). 
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VXmsVZK&TXOV.  (FaTre.  Compt  rend.  ixxr.  721.— Schotlin,  Awh-PIji 
Hlk.  xi.  73.— Funke,  Moleach.  UoWnioch.  iv.  36.— Lehman  n,  Lehjb.  xi.  JtlU 
Miileriftl  passing  away  from  the  bod^  by  way  of  fh*  skio.  According  to  Seqnia,  Ike 
body  losM  bv  skin  and  luc^  18  ^x^uh  p«r  minute,  of  whicli  1 1  grains  pu*  off  t^  ihe 
nkin  and  V  ^rainH  \iy  the  lungs,  A  large  portion  leaves  the  body  In  a  stele  of  gM  or 
vapour,  constituting  what,  is  cajled  the  "inseiuiblQ"  p«n*pinitioii.  This  rooitt 
inninly  uf  watery  vapoar,  the  atnuunt  of  which  raiin  within  wide  limita  acoorli^  !■ 
the  teroneratOrt!  and  moi^tum  of  the  atmoAphere,  the  qaantity  ftod  rhinwetn  of  lit 
fooii^  and  drink  uken,  the  condition  of  the  body,  whether  at  reat  or  at  vork,  Ac  It  ■ 
in  fact  ihi«  evaporation  which  regulates  the  temperatare  of  the  bodj.  Beside  **'^ 
\-Apaur,"insori(nble"pontpiratioDCuDtAiaflcarboDicaoid,  nitrogen  (?)(see  RaopiBAZMi 
and  Hmall  quantities  of  rolafile  and  odorifnrous  matters. 

Thiit  which  remains  on  the  sarCsee  of  the  body  as  a  Uqaid  ia  called  tb«  "MBaUi* 
pfr^piration  or  sweat     It  is  aaid  to  b«  secreted  by  the  sudoriparonagUada  <tflis 
akjn.  and  aUo,  accordinffto  some  aDthors,  by  the  portions  of  skin  between  thoMgboii 
Orer  mot>t  parts  of  the  body  sweat  is  mixed  with  a  fatty  secreticm  derived  horn  thmt^  t 
called  sebaceous  slftuds. 

This  scbaoeous  Aumtion,  which  when  gathen?d  in  masK«  fbmu  the  vemiz  eas$omt 
Mnttffma  praputii,  consists  priucipHlly  uf  fatty  bodies,  palinttin.  olein,  with  thMrnna  I 
and  cholratcrin,  a  prot«in  body  resemUiog  casein,  extractives,  and  salts,  lis.  cUoMi  { 
of  sodium,  with  earthy  and  alkaline  Dhospbates. 

Sweat,  when  obtained  in  a  tolerably  pure  state,  is  a  clear  coloarleas  fluid  vith  m 
xnorpbologicid  ooostituents  beyond  epidermic  scales.  When  fresh,  its  rsadbon  is  seicl, 
of  variable  intensity;  but  according  to  Favrr,  during  a  prolonged  and  oopioua  sw^, 
the  rr*ActinD,  at  first  acid,  becomes  af>er  a  while  neutral,  and  at  last  alValina.  Tbi 
oduur  of  sweat,  often  rery  markr>d,  vnries  srith  the  situation  whence  it  has  bees  ob- 
tftincd.  The  amount  of  «olid  con^litumts  varies  exceedingly  ;  in  gcncnil  it  is  is  ia- 
Tppse  ratio  to  tin*  rapidity  of  secretion,  up  to  a  certain  limit,  boyoncl  which  it  rrmsini 
constant.  Fnnke  pires  1*18  {M^r  cent,  as  an  average,  0*962  per  »*nt.  being  the  moa 
for  the  organic,  0329  per  cent,  for  the  inorgunic  substances.  The  totiil  amount  of  swat 
varies  extremely. 

As  normal  constitaents  of  sweat  may  be  mentioned — I.  Varioas  aridst  -maifily 
fbrmie,  with  butyric  and  aertic,  and  pnunbly  propionic,  capmic  and  oaprylie.  Tha 
existence  of  lactic  acid  (BerEelius)  has  been  denied  hj  later  obeerrera. — 2.  Ketrtnl 
fnts,  which,  since  they  hare  been  found  in  pans,  such  as  the  palm  of  the  hand,  dsstJONi 
of  sebaceous  glsnds,  must  be  reckoned  as  tme  elements  of  sweat :  choteKterm,  pafaaitii^ 
olein,  stearin. — 3.  Nitrogenous  bodies:  the  sudonc  or  hydrottc  acid  of  Faire,  ans 
(leucine,  tyrosine?).  Irlort  olMerT«>ni  have  failed  to  find  the  former;  tbe  latter  baa bvca 
determiDKl  by  Fnnke,  who  found  as  much  as  0112  and  0*199  per  cent,  in  a  total  dry 
residue  of  0696  and  0*790  per  cent.  Other  inquirers  also  havs  detected  nrea  in  swtat 
(according  to  Meissner,  the  amount  of  it  varies  with  the  nature  of  food  takoi), 
and  yet  Kanke  failed  to  find  it  (peo  Nutbition,  p.  152). — 4.  Salts:  chiefly  chlocids 
of  sodium,  with  chloride  of  pota«)sium.  alkaline  and  parthy  phosphatca,  alkaline  sal* 
phtitt^,  and  a  trnco  of  iron.  Aceonling  to  Schottin,  there  is  also  a  eolooring  nattov 
The  amount  of  epithelium  is  0*42  per  cent.  (Schottin),  or  0206 — 0*233  (Fnnke). 

The  following  substjinces  am  said  to  have  been  observed  at  varioas  times  as  absor- 
mal  constituents  of  sweat:  Albnmin,  uri'n  (in  large  quantities  in  choleru"),  nrie  tad, 
oxulttte  of  calcium,  lactic  acid,  sugar,  bile-pigments,  indigo  in  blue  sweat,  bliicJc  coloar> 
ing  matter  in  bUok  »weat,  and  blood  in  "bloody  sweat."  Benzoic (pskrtlj  aahippuricv 
succintL'  and  tiirtaric  aciilfi,  iodine  and  iodide  of  potassium,  have  when  txken  intenallf 
been  detected  in  the  perKpirution.  M.  F. 

V]£K8PXltOirx.lc  ACZS.     Swi,  with  Ramctlic  Aorn. 

prRsirz.PKii>Es.  A»m.-DXBi7x.paooARaowzo  and  rstx-di- 
siTUHOCASBOivic.    Sh«  Stjlpuoca.iu)onic  Etubos. 

PSKSXrXFHOC-SAinCC  ACZ3>.  CH'N»S"  =  Cy'H'S*  PiTtulphocyimiytinB 
or  JjydrojMTsufjthif't/nmc  anil,  ^ulyihurrtted  H^roaulphncyanie  atid^  IfyarasmtUit 
acid.  (Wohhr,  Gilb.  Ann,  Ixix.  271.— Woskresensky,  Tratti  de  ChimU  ofyeaww 
par  Lirhig,  i.  182.— Lieblg,  Ann.  Ch.  Phann.,  xUii.  96.— Volckel,  Pogg.  Ann.  IniL 
138:  bti.  149;  Ixii.  IfiOr— Ann.  Ch.  Pharm.  Ixxxix.  127.)— This  body  was  discover^ 
ill  1821  by  Wohler,  but  was  (<oDfonnded  for  Home  time  with  persnlphot^anogen ;  till 
thi^  distinction  between  the  two  was  pointed  out  by  Woskreaensky  and  I7 
VuU'kel. 

It  is  ppodnced  by  the  melamorphosis  of  culphocyanic  scid,  CyHS,  nod^  tks 
influence  of  mineral  acids;  also, under  certain  circumataocea,  by  the  spoDtanecmdaoOfll* 
position  of  sulphocyonatea : 


.*_Uj^ 


PEUSULPHOCYANIC  ACID. 
3CfH3        -       CyH       +       Cy'H-S* 

BulphvcTtnke  HjdrocnaU         PrvkulphocTaokt 
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acid.  '    ac*a.  Kid. 

It  ifl  prepared :— 1.  By  mixing  a  cold  sfttanted  Aqueous  solabon  of  nlphoeyiutatA 
of  poU»siuin  with  fptjm  6  tu  8  times  its  bulk  of  fltrung  hydrochloric  acid.  Th<' mixtuni 
at  firat  coagnln(t-a  into  a  white  grlutinoaa  mngma,  ^bich  taro»  jrellow  io  a  few  misatcM, 
gives  uffcartionic  ADhydride  aod  hydrocyanic  acid,  Hfter  the  laiwe  of  as  hour,  and  ia 
coDTprted  into  a  mass  coDaiatiog  of  a  Uouid  and  nenitcB  of  penalphocyiinic  Hcid.  The 
no«dle«,  if  col1cct«d  after  24  bonn  and  washed  with  cold  water,  oonBtitut«  the  paro 
acid  (Volckel).  Tho  decompoaition  take*  place  just  as  wr-U  with  a  dilute  aolution 
of  sttlpbocyanato  of  potassium  ;  but  the  separation  of  the  needles  is  slower. — Anothei 
method  is  to  Maturate  a  solution  of  sulphooyanate  of  potassium  in  A  parts  of  wafr, 
kefpiog  it  cold,  with  hydrochloric  acid  gas :  the  persnlphocyauic  scid  then  sepamtca 
after  a  while,  on  cooling,  in  the  form  of  a  yellow  powder.  I^  however,  the  liquid  be 
suffered  to  get  warm  from  the  absorption  of  the  hydrochloric  acid,  part  of  thr*  sApanitiHl 
sulphocyauic  acid  vulatilisee  nndecomposed  ;  the  miitore  liktiwis«  gives  off  carbonie 
anhydride  after  a  while,  sometimea  also  sulphuretted  hydrogen  and  sulphide  of  carbon ', 
and  there  are  formed  in  it,  hydrocyanic  acid,  formic  acid,  and  ammonia,  by  which 
pruducta  the  yi^ld  of  persulphuoyunic  acid  is  diminished,  the  amount  of  diminution 
being  greater  as  the  solution  of  sulphocyanide  of  potaaaium  is  more  dilute,  and  ita 
tempt^nre  rises  higher  (Volckel). — 2.  By  passing  dry  hydrochloric  acid  gas  over 
mplted  sulphocyanate  nl  potassium  oontainea  in  a  tubulated  retort,  whereupon  sulphide 
of  carl>on  aod  hydrocyanic  acid  are  evolred,  aod  persulphocyonic  acid  sublimee.  Tfaa 
latter  is  purified  by  dissolving  it  in  boiling  alcohol,  tcom  which  it  separatea  oat  again 
on  cooling.     (L  i  e  b  i  g.) 

Persulphocyanic  acid  thus  obtained  ia  a  pale  yellow  crTstalliDe  powder.  tast«lea8 
and  inodorous,  nearly  insoluble  in  cold  water,  sparinglv  soluble  in  boilitig  wuter,  whence 
it  erporatM  in  splendid  yellow  needles  on  cooling;  soluble  also  in  alcuhol  mid  in  fikcr. 
The  solntioos  have  a  slight  acid  reaction,  and  form  precipitAtes  with  the  Halts  of  many 
of  the  hrary  metals. 

Penfulphu!jnnic  acid  decomposes  at  about  200°,  giving  off  chiefly  sulphide  of 
earbon,  aod  finally  nmmonm  and  sulphur;  if  the  beat  has  been  rather  strong,  the 
residue  consists  of  hydroinellone  (iit  874) ;  if  it  has  beon  lower,  tlie  residae  roactM  like 
a  mixture  of  sulphur  and  melam.  According  to  Gerhardt's  formula  of  melam  and 
hjdromellone  (iii«  866,  874)  the  decomposition  may  be  represented  by  the  equations : 


and 


and 

Small  quantities  of  aolpbydric  and  sulphocyauic  acid  are  likewise  found  among  the 
products. 

Volckel,  by  heating  peraulphocyanic  acid  to  various  temperaturea,  obtained  a 
wnober  of  brown  or  yelluw  amorphous  residues,  of  varying  compoeition.  which  he 
regarded  as  snlphides  of  peculiar  radicles  {xuthtnt^  meUnv^  xanthent^  &Ci);  but  they 
were  probably  nothing  but  mixtures. 

Ptrsulphocyanic  acid  is  but  sli^^htly  attacked  by  kydroehlorie  acid  at  commoo 
tempomturcs ;  at  tho  boiling  hcat^  however,  it  is  partly  resolved  into  carbonic  anhydride, 
ammonia,  Hulpliydric  acid,  and  sulphur: 

C»N'H*S"     +     <W0       -       2C0'     ^-     2NH«     +      2H'S     +     S. 

Nitrie  aoid^  especially  when  hot,  oonverta  it  into  carbonic  anhydride,  sulphuric  acid, 
and  ammonia.  It  dissolvea,  without  alteration,  in  cold  strong  tulphuric  acid,  and  is 
reprtfcipitated  by  wat^^'r;  but  on  boiling  the  sulution  snlphorous  annydride  ia  evolved: 
—  Chlorint  dccumposcs  persulphocyanic  acid,  e«peciaily  with  aid  of  beat,  forming 
chloride  of  sulphur,  chloride  of  cyanogen,  hydrochloric  arid,  and  a  brown-red  body  in- 
soluble in  water.— By  caustic  alkaiis  it  ia  gnidually  converted  into  Milphocyanate  and 
free  sulphur:  Cy'H'S"  -  2CyHS  +  S. 

Persnlpbocyanates. — The  solntions  of  persnlpbocyanic  acid  in  aqueous  alkalia 
may  be  regarded,  when  recently  prepared,  ss  persulphocyanates,  tbonph,  as  jnst 
obsci*ved,  ihty  are  gradually  converted  into  snlphocyanatcs.     These  solutions,  as  well 


FcrfUlphftCTsalc 
■cU). 

MaluD. 

2C«N*H«       ^       3NH» 

I  to  Liebig'a  formuUe  {loe.  cit.)  ; 

H^droraelloiM. 

eCN'H^       =       6CS"     +     6* 
Pertulphoc;aDlc 
scld. 

HeUa. 

MeluD. 

HfdrviDcllonc. 
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■8  th«  aqaeoQB  acid,  form  yellow  precipitatea  with  stannmu  chloride,  et^rio  »uMt^ 
and  nitrate  of  Uad :  with  nitrate  of  silver  a  yellow  precipitate  whidi  qni^y  deeon- 
poses,  with  formation  of  sulphide  of  silrer ;  and  with  pltUinic  chloride  a  bzowniah-ydlow 
precipitate.  The  salts  of  the  other  heavy  metals  are  not  precipitated  by  wloble  pe^ 
sulpbocya  nates. 

Pereulph/jcyanate  of  Lead.  Cy^Pb'S'. — Obtained  by  precipitating  a  boiUng  aqueoos 
eolutiun  of  the  acid  with  neutral  acetate  of  lead ;  resembles  chromate  of  lead  in  external 
characters,  and  is  perfectly  insoluble  in  water,  alcohol,  and  dilnte  adds. — ^With  bem 
acttate  of  lead,  a  precipitate  is  formed  oontAining  Cy'Pb"S*.Pb''0. 

PBBau&yHOCTAJroOSir.      C*N>HS*   »  (VHS*?      Peeudoaulphoeunmn^ 

Sulphide  of  Cyanogen^  Cyanoxisulfide,  (Wdhler,  Oilb.  Ann.  Ixix.  271. — Liebift 
Ann.  Ch.  Pharm.  z.  1 ;  zi.  12;  xxt.  4;  xxxix.  190,  201,  212;  L  337.— ParoelX 
ReT.  scient  t.  149.— VcilckeL  Ann.  Ch.  Pharm.  xUii  80 ;  Itttit.  127  ;  Pogg.  Ann. 
Uiii  146;  Ixii.  607.— Laurent  and  Gerhardt,  Ann.  Ch.  Phya.  [3]  zix.  98.— 
Jamieson,  Ann.  Ch.  Pharm.  lix.  339. — Gm.  viii.  108. — Gerh.  i.  447. — ^A  compomid 
produced  by  tiie  action  of  chlorine  or  boiling  dilate  nitric  acid  on  aqueous  sulphoiTanate 
of  potassium.  It  is  an  omnge-veUow  precipitate,  insoluble  in  ua^rr,  alcohol,  ^ai  ether, 
soluble  in  strong  sulphuric  acid^  whence  it  is  precipitated  by  water  without  altention. 
It  was  formerly  regarded  as  sidphocyaiiogm  CNS,  the  radicle  of  the  snlpho^anate*; 
but  its  constitution  is  really  more  complex.  The  analyses  made  of  it  by  diffiraol' 
chemista  also  diJ3er  considerably,  as  will  be  seen  by  the  following  table : — 

Vtflekel. 


Ueblg. 

Paroelt. 

eartier. 

later. 

JamlMon. 

Luir.*G«ff 

Carbon      . 

•     •          •     • 

2008 

19-93 

20-20  20-31 

19-17 

30-4i 

Nitrogen    . 

■     .          .     • 

23-23 

23-81 

.     .       •     . 

22-38 

Sulphur     . 
Hydrogen  . 

65-84  to  6615 

62-69 

62-68 

64-26     .     . 

60-88 

63-90 
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All  these  analyses  were  made  with  persulphocyanogen  obtained  b^  the  action  el 
chlorine  on  aqueous  sulphocyanate  of  potassium. — Liebig  dried  it  in  tscqo  before 
analysing  it. — Parnell  dried  it  partly  over  the  water-baSi,  partly  at  242**,  at  which 
latter  temperature  a  slight  odour  of  cyanogen  was  apparent — ^Volckel  does  not  state 
the  temperature  at  which  his  substance  was  dried. — Jamieson  boiled  the  precipitste 
with  water  as  long  as  anything  was  dissolved  out,  and  examined  the  pore  yellov 
powder  which  remained.  Puring  this  boiling,  the  odour  of  cyanogen  was  percc|)tibk^ 
and  the  water  disMlved  sulphocyanic  acid,  together  with  a  small  quantity  of  another 
sulphur-compound.  As  the  preparation  might  have  been  decomposed  during  thialGOg 
boiling,  and  moreover  it  is  not  stated  how  the  substance  was  dried  before  analysis,  the 
analytical  results  are  not  much  to  be  trusted,  especially  as  the  amount  of  <aj^ 
comes  out  too  great  This  amount  of  oxygen  is  regarded  by  L  i  e  b  i  g  (Ann.  C3l  Punt. 
1.  337)  as  rery  problematical,  imu^much  as,  in  the  diy  distillation  of  peendoeulphocjantH 
gen,  no  oxygenised  product  is  obtained,  except  water. — Laurent  and  Gerhardt  dritd 
the  portion  of  the  precipitate  which  appeared  under  the  microscope  to  be  pezfi«tiy£t«e 
from  crystals  (probably  of  pei-sulphocyanic  acid)  for  a  long  time,  and  at  high  tempcn* 
lure.  Their  analysis,  which  agrees  rery  nearly  with  the  more  recent  analysca  by 
Volckel,  leads  to  the  formula  C'K»HS»(c«lc.  2067  C.  2400  if,  64-86  S, and  0-67  Hi 
according  to  which  persulphocyanogen  is  formed  from  persulphocyanic  acid  by  aabrti- 
tution  of  1  at  cyanogen  for  1  at  hydrogen. 

Persulphocyanogen  when  hiat'.d  gives  off  sulphide  of  carbon  and  free  sn^hv, 
leaving  a  residue  of  hydromellone : 

3CN»HS'  «  SCS*  +  S«  +  C«N"H». 
If  moisture  is  presnnt.  ammoniacal  products  are  also  given  <^at  the  ooaimeneHBttt  sf 
the  decomposition.  Chlorine  acta  on  persulphocyanogen  only  at  high  tempentan^ 
forming  solid  chloride  of  cyanogen,  chloride  of  sulphur,  and  a  residue  of  fardromdloBa 
Persulphocyanogen  dissolves  easily  in  a  solution  of  sulpbydrate  of  potaannnk,  yiddilf 
sulphocyanate  and  sulphomellonide  of  potassium,  together  with  other  prodncts: 

2Cy'HS»  +   3KHS  +    2H»0     -     2CyKS  +  Cy»H»KN.S»  +   3H^  4-   00*  -f  fl*. 

Siii|)hii-  Sulpliomel- 

estiiale.  luiiide 

Persulphocyanogen  dissolves  slightly  in  ammonia  (Wdhler) :  abaiklutl7(Li*bit)> 
When  boiled  with  potash,  it  forms  a  solution  which  ^ree  with  ferric  aalls  the  iMstni 
of  sulphocyanic  acid.    By  triturating  persulphocyanogen  with  strong  potaalii,  ttUnigft 
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Urge  anantity  of  water,  then  an  excess  of  lead-acetate,  and  l/iatlj  imfficirot  acetic  acid 
to  produce  au  acid  reaction.  Volekd  obtained  a  brownkh-yellow  precipitate,  apparenti/ 
eoD«iatiQg  of  2Cj*Pb'"SrPb"HK)«. 

Hifdrtitfnoqfanie  acid. — VTbeo  peranlphocyanogen  is  boiled  with  potaah,  and  bjdro- 
cbloric  acid  &dd«d  to  the  aolutloD,  a  yellow  powder  is  precipitated  which  diasolvee  in 
42  pt«.  of  bniliag  water,  and  the  solntioD  furmfl  with  acetate  of  lead  a  yellow  precipitata 
of  Aj/droikiooyanate  of  trad,  Cj'HPb-S'O.  The  acid,  CyTI'S'O,  may  be  regarded  aa 
formed  from  porsolphocyaoogpn  by  addition  of  1  at  E^O.  The  analysis  of  the  yeljow 
powder  abore  mentioned  does  not  howerar  agree  very  well  with  this  formula.  (Parn  ell, 
Vdlckel.) 

PERTHITII.     Orthocliise  from  Perth  in  Canada.     See  Fblspab  (u.  620). 

PERU  BAXBAK.    See  Balsams  (i.  496). 

PSStnuO  ACXB,  An  acid  obuined,  according  to  nnger(Pogg.  Ann.  Ixv. 
22w!),  by  gently  heutinji;  guanine  with  a  mixture  of  chlorate  of  potassium  and  hydro- 
chloric acid.  It  crystallises  in  shortened  prisms  with  rhombic  base,  or  in  tufts  of 
eolourless  crystals  destitute  of  ta&te  and  smell.  Contains  3126  per  cent,  carbun  and 
260  hydrcgi-a  ;  ratio  of  carbon  to  nitrogen  10  4;  whence  it  is  probably  C"H*N*0'.H»0. 

PBSWnr.     Syn.  with  Sttboxb  or  Cihntuc  Alcohol  (i.  992). 

PBTAXtZTB.  Castor. — A  siHcate  of  aluminium  and  litliium,  also  containing 
podium,  in  which  lithia  was  discorered  by  Arfredson  in  1818.  It  occurs  msMive,  with 
apparently  munoclinic  structure,  exhibiting  three  clBavages  in  one  zone,  /affbnling  the 
HDgles  117°,  142°  and  101^.  the  clearagos  inclined  at  142°  are  the  most  distinct 
Hrtrdnoss  -  6  to  6-i.  Specific  gravity  =  242  {Arf iredson);  2*45  (Clarke); 
2  426  (C.  Q.  Gmelin).  It  has  a  vitreous  and  glistening  lustre,  pearly  on  the  fiices  oi 
perfect  cleaTage.  and  a  white  or  gre^  colour,  with  occasionally  a  reddish  or  greenish 
tinea     Streak  white.     Transhicent.     Fwctare  imperfect  conchoYdtd. 

When  heated  before  the  blowpipe,  either  alone  or  with  fluor-spar  and  acid  sulphate 
of  potassium,  it  colours  the  flame  transiently  red,  behariog  in  other  respects  like  ortbo- 
elase.     It  is  not  att^icked  by  acids. 

Analif6€8.  —  \.  From  Uto:  «.  By  Arfvedson  (Schw.  J.  xxii.  93) :— A.  By  C. 
Gmelin  (Gilb.  Ann.  Ixii.  399);— c.  Reddish;— rf.  Whitish,  by  Waltershsusen 
{Vulka,  Gesi.  p.  296)  :—y.  By  Uagen  (Pogg.  Ann.  xlriii.  361);—/.  Specific  gravity 
2447 — 2'465,  by  RammeUberg  [thid.  Ixxxv.  644).— 2.  From  Bolton,  Massacbnsetts, 
by  Smith  and  Brush  (SilL  Am.  J.  [2]  xvi.  366).— 3.  From  Elba  (the  variety  called 
Castor;  by  Plattner,  Pogg.  Ann.  Ixix.  430,  443) : 

1.  t.  3. 

'      7.            *.           c.  d.           7.          /.     ' 

Silica      .         .        .         79-21        74*17  76-74  74*60  7722  77-79  77  93     9801 

Alumina          .        .         17'22       17*41  18-66  16-94  17-47  18*58  16-24     18  H6 

Uthia     .        ,         .           6-76  (       ^ ,-  2  69  2  98  2  67       3-80  3  63       2  70 

Soda j       *****  .     .  0*06  2-29       1-19  0*60 

Lime 0*32  0*62  073 

Magnesia 0*10  010  .     .  .     ,  0*24 

Ferric  oxide 01^  0  16  .     .  .     .  0-66      061 

Losa  by  ignition      .          .     .           2-17  097  0-02  0-66 

102-19      99-23     99-96     9648     99-66  10086     9976  100-2S 

Aeeording  to  these  analyses,  petalite  may  be  regarded  as  3(l)I'^0.2SiO*).4(Al'0'.6SiO') 
or  perhaps  as  3(M'0.3SiO').2(2Ai**0«.9SiO').  Castor  may  be  approximately  represented 
by  the  formula  (Li=0.3SiO').(2lJ«0*.9SiO*)  or  by  (LiK5.2SiO>).2(Ai'0*.6SiO»)- 

PSTA8ITS*  A  resin  obtained  from  the  root  of  Tns^Uago  pftasties.  It  ii  not 
altered  by  L^austic  soda.  Its  aloohDUc  solution  mixed  with  mineral  acids  assumes  an 
einerald-gre«-Q  colour,  changing  to  blue  in  the  ease  of  hydrochloric  acid.  (HeiDBcb, 
N.  Jahrb.  Pbarm.  iv.  267.) 

WXTtKZJtM,  An  alkaloid,  IsomeTic  if  not  identical  with  tetzylamine,  C^H^'N, 
occurring  in  tlie  most  volatile  portion  of  bone-oib     (See  TsraTUUCnrB.) 

FBTROK.  C'H'*  (BuitBeniua  nnd  Eisenstnck.  Ann.  Oh. Pharm. cxiii.  161.) 
—A  hydrocarbon  (not  i»olate<l)  occurring  in  the  petroleum  of  Sehnde  near  Hanover. 
On  dietilling  the  crude  petrrjlcura  with  sieAm  at  a  pressure  of  4  or  5  atroospherca,  and 
rectifying  the  naphtha  which  passes  over,  u  portion  is  obttiined  boiling  below  180°  and 
coEisisting  of  petrol  together  with  defines  and  homologues  of  marsh-gas.     The  petrol 
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cnnnot  be  Bi»par»ted  by  fractional  diitillation,  bat  by  trMfm^nt  with  ft  mistaM  of  Mag 
nitnc  nnd  sulphuric  Acidji,  it  may  be  converted  into  »  cryatalline  compound,  rit. : 

Trinitropetrol,  CH'(NO')'.— To  prepare  Xhia  oompound,  2  pt«.  oil  of  iitn< 
I  pt  nitric  acid  of  specific  gran'ty  l*fi,  and  2  pta.  of  tha  a-bore-mentioned  di<a]fa^ 
boiling  b^low  180'^,  iire  disposed  one  over  the  other  in  Uyerain  a  tubulatwl  pftort^mL 
left  to  rwt  for  24  hours.  The  action,  which  would  be  Tiol^rnt  if  the  liqnida  «m 
rapidly  mixed,  then  takcji  place  quietly,  and  trioilropetpol  pcparalea  betveiaitiHaal 
and  th^oil,  as  a  crystAlline  maM,  which,  after  the  acid  and  oil*  hare  drained  oCii 
purified  by  wanbtng  with  water  and  with  lukewarm  alcohol,  and  repeated  £ractin«kl 
crvBtalliaation  from  but  alcohol,  the  portion  which  ftepamtea  below  40^  being  each  bat 
collected  apart. 

Trinitropetrol  crystallisefl  in  needles  and  acales,  the  latter  b«iog  fanoed  mm 
abundantly  at  compimtively  low  tempcraturca.  It  mrlta  at  162*^,  aolidifyiz^  ania  « 
13fio — 14^.  It  is  insoluble  in  watrr.  eoluble  in  tthrr,  benzene,  and  cold  oUmI,  nan 
easily  (1o  the  amount  of  X)  in  boiling  alcohol.  It  is  ddcompoffed  by  a  raixtnr*^ 
irt/n  JUinffs  and  acetic  acidt  but  without  formation  of  czystallif^ble  products.  Wti^ 
alcoholic  sufphide  of  ammfmiiMn,  it  fornu  two  oompoaodB,  ooe  of  which  poaeessca  diatoa 
basic  properties,  vir. : 

Mtropetroldiarnine,(yH»iPO*  -    [^^^*^*)1"|n'— When  trimtro| 

mixed  in  a  retort  with  alcoholic  sulphide  of  ammonium  and  snlpbydric  acid  gaa  is  pM*«d 
into  the  mixtttre,  a  Ui^  quantity  of  sulphur  suddenly  sepamtetf,  mud  nitro'petroldiaoua* 
crjstttlliars  out.  Tho  excess  of  sulphide  of  ammonium  and  the  alcohol  are  reiDOTsd  m 
cmplt^tely  as  possible  by  distillation,  and  the  nitropetrotdi amine  is  purified  br  n- 
hausting  the  residue  with  boih'n^  alcohol,  dissolving  tnc  crystals  which  separate  u<*r^> 
from  in  dilute  sulphuric  acid,t  precipitating  the  filtered  solution  witn  ammotiii, 
repeating  thia  solution  and  predpitatioUt  and  recrystal Using  the  product  from  alcohol 

Nitropetroldiamine  oystalliscs  in  long  omnge-red  monoelinic  prisms,   insolnblr  in 
WHter,  sparingly  soluble  in  cold,  rather  easily  in  boiling  alcohol.     It  b'^os  to  sa"~ 
at  210^,  melts  at  215°  (the  fused  mass  solidifying  in  the  cryatulline  form  at  the 
temperature),  and  dftcompoies  at  a  higher  temperature,  with  reparation  of  ""■' 
Treated  with  nitrovs  aria,  it  yields  nothing  but  brown  reHinoUfi  producta. 

HydroeAloratts  of  NitroprtrtUdiamtHe.~The  salt,  OH"N»0'.HC1.  is  obtained  ia 
crystals  by  heating  the  base  with  wnler  and  aquantity  of  hydrochloric  acid  not  sai&CMBt 
for  oomplote  solution,  and  leaving  the  fillmte  to  evaporate.  A  solution  of  the  bajc  ia 
excess  of  hydrochloric  acid  yields  th«  salt  eH'*N'0'.2HCL 

The  chioropitttinatf,  C»H"N"0'.2HCl.Pt»'Cl*.3H=O,  sej^ratee  on  adding  platinic <*lo- 
ride  to  the  solution  of  the  last-mentioned  salt,  in  eolden-yellow  six-aidjed  miiatiscopw 
tAbleLs,  which  dissolve  easily  in  hydrochloric  acid,  are  decomposed  by  water,  with 
separation  of  the  base,  give  off*  their  crystallisation  water  below  100^,  aud  hydrochloric 
tod  at  a  temperature  a  little  nl>ove  that  point. 

SulpkaUt.—^,  On  boiling  nilropetroldiamine  with  water,  adding  dilate  Rilphirae 
acid  till  it  is  completely  dissolved,  nud  leaving  the  solution  to  cool,  the  salt  CH'^XH)*. 
8*HK)*  separates  in  rather  huge  six-sided  mouocliuic  prisms,  which  are  decomposed 
by  water. — $.  The  mothor-liquor  of  tliis  salt  yields  by  slow  evnponition  over  ofl  <A 
vitriol,  lai^  traniparcnt  plates  of  thpsult  C'H"*N»0*.2SH'Or2n»O,  which  gives  off  ite 
wftttT  at  100'^,  and  like  the  preceding,*  ia  di>composod  by  rccryBtalltsation  from  hot 
water,  yielding  biisic  compounda — 7.  On  boiling  nit ropctrol diamine  with  a  quantity  of 
dilute  sulphuric  acid  not  safBcient  to  dissolve  the  whole,  and  filtering  the  solution  amis 
hot^  the  filtrate  solidifies  to  a  mass  of  small  yellowish  luminie  of  the  salt  2C*H"K'0'. 
^II»0*.2H*0,  which  gives  ofiT  its  crystallisation-water  at  110°. 

Triethylnitropriroldiamiyif,  C'*H*N*0»  «   ^^S'l^^'l,!"!!^.— Thebydrio- 

date  of  this  base,  C'*H"N'0'.HI,  obtained  by  healing  nitropetmldiamine  for  some  time 
with  Gthylic  iodide  in  a  bath  of  boiling  solation  of  nitrate  of  sodium,  and  purified  by 
recrystallising  the  solid  part  of  the  product  from  hot  water,  crystallises  in  red  riiombie 
prisms  with  pyramidal  faces.  On  addlt^  ammonia  to  the  solation  of  this  bydriodata  ia 
nydiochloric  acid,  triethj^l-aitropetroldismine  is  precipitated  in  lemon>yellow  scales ;  it 

*  This  cA\f  Itqatd.  niXft  wsiKIdk  with  water,  drylnff  nver  chloride  or  caleiom.  Irft  on  rfK^ficattoo  % 
thickiah  jpIIow  re*l>iuii!  which  d^tttn)  narreout  rrjiUUlne  l.-imins.  TliMecrrttsli  exhlbttMloa  out 
orculon  a  mvlrlng  point  bft««rD  iitb^  and  \W>,  and  a  ctinpoiitlon  corTeat<oodlni>  with  tb«  ramali 
r^U*(  NO'',)',  «  hpnce  th^v  appvAr  tornniiUt  of  Ibe  next  hotnulngue  of  innitrop«trol ;  they  also  rwttil 
Ike  tbfl  Itftirr  with  >ijlphUlr  nf  MmmoniuTn. 

f  Therr  ihen  rvminn.  tiodinolTed  «n  oranK».j#Uow  rrrstalline  compouod  C'H'^N'O*,  Ifuolable  la 
water,  atkalii  «nit  dilute  acidt.  tnNibl?  In  conrfntralA]  aiitl*,  and  Bciiarfttrlr  thercfroto  br  WStrf  ; 
cpiirinflj  soluble  In  nlcoho),  efht-r.  chlurororm  tnd  tiilphldr  cprmrbirn  ;  mrltkni  at  19t°— I9v^,  aad  miIk 
tinting  m  inrutll  qDanttty.  Wh«n  iDhj#rted  to  the  BcUDa  of  drr  hrdrocblorlc  sod  aaa.  Ic  farmi  tlM 
aocaswhat  uoaubla  compotiod  CicHVNiOtJUa. 
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ii  solable  in  alcohol  and  in  ether,  and  seporatea  from  tbme  aoIntioiM  on  Mtpomtion  in  oilj 
drop*  which  solidify  in  the  oystaJUne  form  after  some  timo  only.  The  »olntion  of  tho 
bue  in  hvdrochI"ric  Acld  yi  el  da,  on  addition  of  pUtinic  chloride,  the  pl^(inum-4alt 
2(C'*n^''0».nCl)Pi;'Cl*,  m  tufti  of  ■lendrrgolden-yellow  needira 

VBTXOlaKjrs,  The  name  applied  by  BooBsingaalt  to  the  iDor»  Tolatiln  eon- 
fltitncnt  of  afiph^ilt  or  bitumen  (L  426).  See  also  Volckel  (Ann.  Ch.  Pharm,  bcxxni* 
130;  Jahr««b.  1853,  p.  524). 

rBTftOXBtmx.  Earth-oiK  Naphtha,  Maltha,  yfmercl  Tar  or  OQ :  Erdoi,  StrinS; 
BttuiH':  liqutUf. — A  variety  of  liquids  known  by  some  one  or  other  of  the  abore  aamei^ 
and  convspoDding  with  vi^'t^il  and  animal  oils  in  the  chnracters  of  inflammability  and 
iniHilubility  in  water,  occur  ifk  many  partj  of  the  earth.  They  aU  ame  in  poMfsflinga 
strong  bitominuuA  smell,  bat  differ  considerably  in  other  pbTaicu  charmctcn,  being 
sometimes  thin,  transparent  and  pale  coloured ;  sometimes  nscid,  opaque  and  black. 
There  are  also  numeroui  rarieties  with  characters  intermediate  between  theM  extremes. 
Th*  apedfie  gmviry  varies  from  0*8  to  11,  and  thfl  colour  is  fr&qucntly  brown  or 
greenish.  The  name  naphtha  has  generally  been  applied  to  the  thinner  and  least  colourcHl 
Tarieties  of  mineral  oiC  or  to  the  more  volatile  portion  of  the  difitillnte  obtained  by 
rectifying  the  nntive  oil,  while  the  dnrker  and  more  viscid  kinds  have  been  termed 
minrrai  tar,  nnd  the  intermediate  varieties  prfro^m. 

The  couDtriee  most  famooa  for  the  occurrence  of  mineral  oil  are  Persia,  the  Caocasus 
AJid  Georgia,  Burmab,  the  West  Indian  lalands.  and  North  America.  It  alM>  oocors 
in  the  country  to  the  north  of  the  Danube,  in  It^ly,  Bavaria,  Hanover,  Zante,  8witscp> 
land,  China,  India,  and  to  some  extent  in  £ngLind  and  France. 

ChemicalW  the  subetances  known  by  names  of  naphtha,  petroleuni.  &c..  are  all  Tery 
closely  allied!,  inasmuch  as  they  consist  for  the  most  part  of  oils  differing  in  density  and 
TolatUity.  The  older  analyses  of  these  mineral  oils  were  made  without  any  further 
attempt  at  separating  the  sabstances  they  evidently  contained  in  a  state  of  mixture, 
than  merely  rectifying  the  oil  and  treating  it  with  sulphuric  acid.  They  sufficed,  how- 
ever,  to  eMublifih  the  &ct  that  the  constituents  of  petroleum  were  essentially  com- 
pounds  of  carlKin  and  hydrogen  ;  but  the  oliemistry  of  tlie  hydrocarbons  was  so  slowly 
developed,  aftf-r  the  time  when  Faraday  di'mooAtxated  the  exinK'nce  of  numerous  com- 
pounds of  this  kind,  and  petroleum  wus  so  little  used,  that  scarcely  any  pTogma  was 
made  towards  a  knowledge  of  its  constitution  until  quite  recently,  since  the  txtensirs 
Application  of  this  material  to  useful  purposes  has  caused  greater  attention  to  b» 
directed  to  it 

A  thick  blitck  voriety  of  petroleum,  occurring  between  Peklenicza  and  Moslowina  in 
Hungary,  was  examined  in  17S6  by  Wi uteri,  who  found  thai  it  yielded  by  distillation 
a  colourless  oil,  a  yellow  oil,  and  a  battery  mass.     (Crell's  Chem.'  Anna!,  i.  493.) 

A  dark  brown  Galician  petroleum  of  specific  gravity  0-943,  was  examined  in  1791 
by  Martinovich,  who  obtained  from  it  by  distillation,  a  yellow  oil  of  specific  gravity 
0"81l,  and  two  darker  oils  of  specific  gravity  0867  and  0-961  respectiTel^  (CrelFs 
Chem.  Annal.  i.  71).  Id  1817  SausKure  published  an  account  of  his  investigation  of 
thf"  native  naphthii  of  Maano,  in  the  Duchy  of  Parma,  which  was  used  at  that  time  for 
lighting  the  streets  of  Oenou.  He  described  it  as  bting  a  transparent,  yellow,  thin 
liquid,  of  0*836  specific  gravity,  with  a  strong,  persistent  smell.  M>parable  by  distillation 
into  a  colourless,  lighter  and  more  volatile  portion,  and  a  hearier,  leas  vohitile  portion. 
The  former  he  termed  rectified  naphtha.  It  had  a  specific  gravity  of  0*768,  with  only  a 
alight  evanescent  odour,  was  encireir  volaUle  at  the  ordinary  atmospheric  temperature, 
unalleruble  by  exposure  to  light  ana  air,  and  little  acted  on  by  strong  acids.  It  mixed 
in  all  proportions  with  absolute  alcohol,  and  dissolved  in  seven  parts  of  alcohol  of 
specific  gravity  U*836.  Caoutchouc  macerated  in  this  rectified  naphtha  without  heat, 
svelled  to  At  least  thirty  times  its  volume,  but  after  forty-eight  hours  the  naphtha  con- 
tained only  a  soven-thonsandtb  of  its  weight  of  caoutchouc.  (Bibl.  Univ.  [S.  and  A.] 
jv.  116.) 

In  1829  Unverdorben  obtained  from  Pernan  petroleum  similar  products  by  dis- 
tilliition,  and  inferred  that  it  consisted  of  a  mixture  of  hereral  oili^  together  with  a  small 
quantity  of  a  kind  of  solid  fat  (paraffin  ?),  resin,  and  an  indifferent  coloured  substance. 
(Schweig.  Jour.  Ivii.  243.) 

Christison  and  Gregory  in  1831  examined  the  petroleum  of  Rangoon.  It  was 
of  a  buttery  consistence  at  ordinary  temperatures,  of  a  dark  brown  colour  with  a  tinge 
of  frreeo,  and  a  specific  grarity  of  0  880.  They  sepamted  it  by  distillation  into  three 
ditTerent  portions,  and  extracted  paraffin  from  it  See  F^axFTur.  (Tiana.  Roy.  Soc 
Edinb.  xiii.  118,  124.) 

Blanchet  and  Sell  in  1S33  obtained  similar  products  from  Persian  petroleum, 
vis. :  an  oil  of  specific  gravity  0*749,  boiling  at  94°  C,  and  throe  oils  boiling  at  138^, 
187^  and  220'='  res|>eetiTely.     (Ann.  Ch.  Pharm.  vi.  309.) 
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In  1836  Kobe  11  examined  the  petroleum  from  theTpgprn  I>»lre  in  BftTtnt,  kao^ 

hy  the  name  of  Qutrintu  r»tf,  and  »et>arnted  from  ita  wrnuin^ntly  liquid  oil*  and  uMka 
which  partly  «^>li<lifiwl  when  eooled  to  6®.     (J.  pr.  CDem.  riii.  305. ) 

A  thick  lirown  pt'tmlcum  from  Niebylow  in  Gklina,  examined  bv  ToroBi wiet*  U 
a  0p«ciflc  gravity  of  0060  «nd  became  perfectly  liquid  only  at  61*^.  Annthitrkiad  tnm 
Truwawic^  wae  of  spwitic  gravity  0-890.     (Rapert.  It.  16;  IxL  398.) 

Heas  described  llip  petroleum  of  Uako  at  the  same  time  ma  havinic  a  spadfit^ 
ritT  of  0-836,  beginiiiK  to  boil  iit  UO"  and  yielding  by  fractiooal  fiiat  illation  cik  ^*^ 
had  no  fixed  boihng  point.     (P»gg>  Anu.  xxxiv.  417-1 

In  1840  Pelletirr  and  Walter,  by  repeat<«lly  rectifying  that  portion  ofche] 
petroleum  which  ditttilled  betuwn  130^  and  270°,  obtained  an  oil  which  they  I 
naphtha,  boiling  at  83°— Sflo.to  which  theygave  the  formula  C'*H»»;  a1»  an  aabc3- 
ixiff  at  116**,  which  they  called  naphien  (C'ff'*),  and  an  oil  boiling  at  19''  which  the; 
nWe^inaphiol  fC"H*'),  and  they  regarded  these  oils  as  the  constituenta  of  pecnlvia. 
J.  Pliarm.  rxvt.  649.) 

In  1848  and  1849  tTre  and  Manafield  examined  a  rariety  of  mineral  tarfioa*  i 
eoal  mine  at  Alfrcton  in  Derbyahirp.     The  tpecific  gnvity  waa  0*900,  and  it  comiiU  I 
ehiefiy  of  liouid  oils  boiling  at  temperatmree  above  S00°,  presenting  in  its  chwMu  ' 
eome  resemblance  to  the  oil   or  tar  distilled  trom  bitaminooa  ahalck      (Phamu  1. 
Trans,  rii.  486 ;  Cbem.  Soc.  Qu.  J.  i.  249.) 

Brsides  thexe  investigationa,  several  analyses  of  petroleum  and  of  the  piodoflh 
obtained  from  it  by  fhtctional  distillation  had  been  made,  the  retmltA  of  which  are  gifa 
in  the  following  table : 

Ana2yK4  of  Petroleum  and  iU  products. 


Kltidof  petTDlnita, 


MiaoA  . 

Persian  . 

Persian  . 

Baku  . 
Miaao 

Miaoo 


<Rectified) 

]  products! 

Bectifled 

j  products  { 

(Rectified/ 
(  products  I 

Kative 

|Rectified' 
)  prodacts 


Culion.       Hydrofoil.       Boiling  polot. 


87-21 
85-65 
86-92 
83-88 
86-43 
79-82 

to 
85 -RA 
8oo8 

8-3 :;(» 

84  60 
86-80 
8.r60 


12-79 
13-31 
12-12 
14-29 
13  OS 
13  20] 

to 
14-61  ] 
1317 
13-40 
13-40 
13-30 
13-40 


94°  j 
216*( 


100°— lld**'^ 
1160—120° 
120°— 130° 
140°— 160° 


Aotbon^. 


Sansvnm 

Damaa. 
Blanchet  i 
Sea 

Hcan 


F^neticir    sad 
Waltcfw 


These  resnits  did  not  advance  the  knowledge  of  the  constitution  of  petrolcam  mndh 
beyond  the  point  where  it  was  left  by  Unrerdorben  in  1829,  riz.  that  it  was  % 
TSTying  mixtare  of  hydrocarbon -com  pounds  with  pitchy  or  asphaltic  substanees  di»- 
solved  in  it  to  a  greater  or  I««s  extent^  and  that  elementary  analysis  was  of  little  atihty 
until  some  means  had  biy^^n  found  of  separating  the  individual  oonstituenta  moreooi^ 
pletely.     (Schweigger'a  Journ.  ix.  29.) 

Iq   1867  De  la  Rue  and  Miiller  pablisbed  the  results  of  thpir  ezaminatiofl  <| 
Uangoon  petroleum,  showing  that  it  contained  hydrocarbons  of  the  bonxeue  and 
Heriea,  but  consisttxl  chiefly  of  compounds  which  were  not  acted  upon  bj  oo&( 
nitric  or  sulphuric  acid.     {Proc-  Roy.  Soc  viii.  221.) 

EiseuHtiick  pxamined  the  petrrileum  of  Sehnde  ^Hanover)  in  1858,  and 
the  conclusion  that  the  oil  obtained  by  distilling  tlie  crude  petroleum  with 
and  boiling  below  180°,  consisted  of  a  mixtupe  of  polymeric  hydrocarbons  6*1 
homologous  with  othylenf,  together  with  petrol  C'H".  (Ann.  Ch.  Pharm.  exiii.  151.) 
.  Accurding  to  Uelsma  n, on  the  other  hand,  the  products  obtained  by  Ejaaostoc^ ina 
this  petroleum,  and  l>oiIing  between  136°  and  146°,  oorrespond  with  the  luruiun 
OH«**'.     (Ann.  Ch.  Pharm.  cxiv.  279.) 

Freund  and  Pebal  examined  Oahrian  petrolfum,  and  came  to  the  conclasion  thai 
it  contains  flubstances  belonging  to  at  least  three  different  e«ries,  viz.  hornologusi  of 
ethylene,  which  are  not  acted  upon  by  concentrhted  sulphuric  acid  at  the  ordinary  teia- 
perature,  homologupeof  bcnzoro.and  hotnulogues  of  phenol.  (Ann,  Ch.  Pharm.  cxr.  19.) 

The  most  important  invt^tigation  of  petroleum  is  that  recently  made  by  Peloust 
and  Oahonrs  ^Corapt.  rend.  liv.  124,  U-i.  606,  IriL  62).  They  operated  upon  the 
petroleum  which  has  been  brought  in  lar^  quantity  from  Pennsylvania  Hnnng  ths 
last  few  years,  and  succeeded   in  obtaining  from  it  twelve   distinct  liquid  hydro- 
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Stf5 


whicb  they  conirider  to  b«  homologura  of  roarah-gns  (HTmODis.  Hi.  18IX 
•idea  the  solid  hydrocHrboiu  kuown  luidLT  the  iiiiine  of  paraffin  (p.  342). 
Ronalds  biut  ttlao  sbovs  thftt  tbia  petroleum  probubly  oontuitus  the  lower  membera 
of  this  series,  corrospcmdiiig  to  ethyl  and  thtyl,  and  gueout  at  urdioAry  tein|>ei*utDre« 
(Chem.  Soc  J.  xviii.  629).  Schorlemmer  hu  stated  that  it  ahto  cootainii  smiiU 
quantilioa  of  beuseoe  and  its  homologuea,  but  thoae  subsUinces  were  not  found  by 
Pelouze  and  Cahuurit. 

These  7«adts  show  that  AmcriosD  petroleom  probably  consists  chiefly  of  homologues  of 
SMrsh-gaa^  and  those  which  hiive  been  isolated  present  the  following  eharaclcrs : — 


Form  ti  In. 

specific  gritvitj. 

Boll  log  point. 

Vapcur-drailtjr. 

Authority, 

cm' 

gaseous 

(?H* 

gaseous 

Booalds. 

C^H* 

0-6O0  at  0* 

OO            40 

2'110 

OH'* 

0-628 

80*> 

2fi38     ' 

CW* 

0-669 

68° 

3060 

C'H'» 

0-699 

92**          94** 

3-616 

C*B'» 

0-726 

116°       n8« 

4009 

C*I1* 

0-741 

136°         1380 

4-541 

Felonzsr 

C"H« 

0-767 

leo**         162" 

6  040 

and 

C"H« 

0-766 

180°         184** 

6-4&S 

Cahoura. 

C'H- 

0-776 

198*>         200° 

6-972 

C"H" 

0-792 

216°         218« 

6-*66g 

C>'H" 

,      , 

236°         240° 

7'Olfi 

C'»U« 

•      • 

256°         260° 

7-623 

Amfriean  petpoleum  containH,  bc'sidi^s  these  snbstanpes.  other  oils  of  much  higher 
boiling  point  and  of  a  sp^-ciflc  graWty  above  0'870;  other  kinds  of  petroleum  also 
contain  oils  of  still  fcreatir  density,  sometimes  considembly  above  0*900,  bat  it  has  not 
j9t  been  nscertainc-d  whether  these  are  homolognes  of  marsh  gas.  It  is  probable  also 
that  most  kinds  uf  pelroUum  contain  olcfines  to  some  extent,  or  at  least  analogous  oils 
which  combine  with  oonnrntrated  sulphuric  acid .  but  in  most  instances  the  homolognes 
of  marsh  gas  appear  to  constitute  the  chief  bulk  of  petroleum. 

The  simiJiirity  exiBting  between  pi'troleum  and  the  oily  Iat  obtained  by  deetructire 
distillation  at  temp^'ntturcs  bt-low  Pull  red  heat,  as  irparda  the  chemical  nature  of  the 
■abstances  contained  in  these  products,  renders  it  highly  probabit*  that  petroleum  baa 
been  formed  by  the  decomposition  of  vegetal  and  animal  remaini.  and  that  its  origin 
is  in  some  wuy  connected  with  the  formation  of  coiU  and  other  bituminous  minerals 
from  similar  materials ;  but  it  is  do(  evidtnt  what  may  bare  been  the  precise  mode  in 
which  this  change  has  taken  place.  The  opinion  which  has  generally  been  entertained 
mm  to  the  origin  of  petroleum,  is  tliiit  it  has  bepn  formed  by  the  action  of  heat  upon 
coal  bedfl  situated  beneath  the  p«rth'B  surfiice,  thut  ia  to  say,  by  a  process  of  carboauA- 
tion  or  destructive  distilliitioa  llie  lonj;  recognised  and  obvious  analogy  between 
the  various  kiudn  of  pelrokum  a.nd  the  oily  products  resulting  from  the  uetion  of  heat 
npon  vegetal  and  unimnl  subutancfs  has  hitlierto  been  thf  chief  ground  for  that  opinion, 
and  the  stiU  cluticr  re.**embluncc  which  has  since  been  foimd  to  exist  between  certain  of 
these  materials  in  the  chcmiml  nature  of  their  constituents,  would  tend  lo  increase  the 
probabilitv  of  its  being  corrert.  if  there  were  not  other  farts  which  throw  some  doubt 
npon  the  formation  of  petroleum  from  coul  by  an  actual  process  of  destructire  diKtillu- 
tioo.  Thus  for  instance  anthracite — which  from  its  b^ing  the  kind  of  coal  eontaininpt 
the  smallest  amount  of  bituminous  or  volatilisuble  nbs^ince,  would  be  most  likely  to 
be  the  residue  of  8uch  a,  process — docs  not  present  any  indir^nlions  of  having  been 
exposed  to  such  a  tetnpornlurp  as  is  retjnisite  for  vulatitising  petroleum  or  for  expelling 
the  bituminous  Piibsfanre  fmm  other  kinds  of  coal- 

Reichenbflch  was  induced  (o  consider  thiKsuhjppt  from  its  connection  with  his  study 
of  the  genenit  phenomena  of  deatructive  di^iiUariun.  The  petroleum  he  t-xamined  did 
not  conlBin  paraffin,  and  obnorving  j*ome  other  difffTr^ncef  between  the  oily  tjir  be 
obtained  by  carlionising  coal,  and  the  speoirarns  of  petroleum  he  hud  examined,  he 
concluded  that  there  was  an  eR.«ent)al  diffi-rnice  between  these  Hnhfrtances.  Referring 
also  to  the  fact  that  petroleum  had  nerrr  been  met  witli  where  coal  beds  were  subjected 
to  the  action  of  heat  by  underground  combustion, he  was  led  to  doubt  whether  true  pe- 
troleum originat**d  in  this  way  from  the  decomposition  of  coal.  In  the  year  1833  he 
found  that  by  distilHng  coal  with  water,  an  oily  liquid  was  obtainable,  to  the  extent  of 
about  ^aft'oopth  part  of  the  coii!,  which  was  clear,  transparent  greenish -yellow,  of  specifio 
gravity  <l-836  and  boiled  at  167°  thus  presenting  great  resemblance  in  these  respects 
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to  the  petrolenm  of  Miaoo  Hiid  of  FeniA,  while  at  the  Bsme  tirae  It  smflt  Kke  tnpPt- 
tine  oil.  Ai]g:tiing  from  Uw  asBiuned  identity  of  petroleun  and  the  oil  thus  otaM 
from  coal,  without  decomposition  m  he  suppoeedf  toother  with  the  equally  tammm 
aasumption  of  an  eflsential  dissiniilarity  between  petroleum  and  the  oily  tar  ohiaiadty 
earbonising  coal,  he  came  to  the  conclusion  that  the  commonly  reoeived  o{»iiiQo  aito 
the  origin  of  petroleum  was  erroneooa,  and  was  disposed  to  regard  it,  Bot  as  a  pndiet 
tif  the  decomposition  of  coal,  but  as  an  actual  constituent  of  ooal,  and  in  &et  as  Ihoi 
probably  the  turpentine  oil  of  primspTal  pine  forests.  Hence  he  infttrad  that  tm 
cuuld  not  have  been  exposed  to  a  temperature  at  all  approaching  that  rsqninte  lag 
carltonisation,  but  that  the  petroleum  it  contained  was  expelled  merely  by  the  aetaoarf 
Huch  a  moderate  heat  at  night  prerail  at  do  great  depth  below  the  aw&ee.  (8ch«B| 
Jour.  ix.  19.) 

The  disooTeiy  of  paraffin  and  eupione  in  the  petroleum  of  Bangoon  shoved  tt^  « 
fiir  as  these  oonld  be  regarded  as  being  ezclusiTelT  prodncts  of  deatroctiTe  dJaHnrtia, 
Kpichenbach*8  conclusion  did  not  ap^y  to  all  kinds  of  petroleum.  Henee  Qnguy 
and  Kobell  adopted  the  opinion  that  petroleum  containing  these  mfastanecavam 
least  a  produet  of  destractive  distillation. 

It  has  also  been  suggested  somewhat  vaguely  that  petroleum  may  have  bcMi  IbrMl 
by  the  combination  of  carbon  with  hydro^  at  considerable  dppths  b^low  the  raitb'i 
surface  under  the  influence  of  rolcanic  heat  and  great  pressure  (V  irlet,  BmUdim  4tk 
Soc.  giol,  iT.  203  ;  Verneuil,  ifnd.  [2]  i.  800 ;  Leeoq,  Zrs  Eaux  miniralM flpawifati 
i/^fl«  Irurs  Rapports  avec  la  Ckimie  et  la  GeoiogU^  143  et  scq.).  It  is  jpciarihls  thstlf 
the  reaction  of  water  and  carbonaceous  substances  under  certain  cx>ndation^  bydroev- 
boDs  might  be  formed,  and  Bert  helot' s  synthetic  production  of  hydrocarboiM  (Cmfl 
rend,  xliti.  206)  renders  it  probable  that  petmleum  may  in  some  iiiiitanfffa  b»ie 
originated  in  a  similar  manner,  though  the  precise  nature  of  sach  modes  of  Jbcmitiai 
is  not  yet  known.  BL  H.  P. 

rarmoaz&BZ  or  Adinof^. — Compact  impure  felspar,  like  the  base  of  pQipii;fiy. 
It  differs  &om  jiuiper.  which  it  often  resembles,  in  being  Aiiible  befixe  th«  DlflVfipa 
Specific  gravity  2-60  to  2-66.    (Dana.) 

VSnnrTXa.  {Pfh-tun-t$£.y-A  felspathic  rock  consisting  laiselj  of  qnait^  md 
in  China  to  mix  with  kaolin  for  tne  manuiacture  of  porcelain. 

VBTKITB.    Telluric  silrer.     (See  Tklldkiitm.) 

TMUOmUAMXM,  Jmperatorin,  C"H»0'.  (Schlatter,  Ann.  CTh.  FhanLT.  101 
— Dobereiner,  ibid,  xxriii.  288.— Erdmann,  J.  pr.  Chem.  xvi.  42. — Botha,  lU 
xlri.  371.— Wagner,  ihid.Wii.  276;  K.  Jahrb.  Fharm.  ii.  83;  xiv.  16.)— Anestnl 
substance  contained  in  the  root  of  masterwort(/m/vra/orta  Oftrutkium  Lw,  J^meedbsaa 
Ostruihium,  Koch),  and  of  other  umbelliferous  plants  of  the  peucedaneoos  triba  S  ii 
prepared  by  exhausting  the  root  of  masterwort  with  boiling  alcohol,  emponitiBg  tht 
extract,  washing  the  residue  with  water  and  with  alcohol,  and  eiystallinng  It  ftoa 
ether,  which  leaves  undissolved  a  reirinous  substanoe  wherewith  the  pcnoedanzB  ■ 
contaminated. 

Peucpdanin  cryittallises  in  light,  transparent,  colourless,  shining  prwms^  gwiujwd  ii 
tufts.  It  melts  at  75^  without  lotts  of  weight,  and  concretes  again  hot  slowly,  yield- 
ing at  first  a  transparent  syrup  which  then  solidifies  to  a  waxy  masa.  It  dots  not 
dissolve  in  u^ier,  either  hot  or  cold;  it  is  sparinglv  soluble  in  cold,  more  soluble  in  hiA- 
\ntt  alcohol ;  the  solution  has  a  persiHtently  acrid  taste,  and  does  not  act  on  isgstsMi 
colours.     Peucedanin  is  ven*  soluble  in  (/Acr,  and  in  oiU  both  fixed  and  wolatila 

Feucedanin  gives  by  analyHin  from  69- 6  to  71*1  percent,  carbon  and  6'B  toMbf 
drogen,  agreeing  nearly  with  the  formula  C'"H'"0*,  which  requires  70*<J  per  oenL  e 
A-9  hydrogen  and  25'5  oxygen.  This  formula  is  confirmed  by  the  reaction  of  p 
with  potash,  whereby  it  is  resolved  into  angelic  acid  and  oreoselin  (pi  216) : 

C«H'*0*     +     HK)       =      C*H»0»     +     C'H"0», 
PeucctUnin.  AiifHic  Omsrlin. 

Mid. 

Peucedanin  is  insoluble  in  acid$^  and  is  not  acted  npon  at  ordinary  teupnatsm  lij 
sulphuric,  hj/drochloric  or  acetic  acid.  Strung  nitric  acid  dissolves  it  with  aid  of  hial^ 
converting  it  either  into  nitropencedanin  or  into  oxy picric  and  oxalic  acids.  Itiid»> 
composed  by  chlorinr  and  iodine.  The  alcoholic  solution  is  precipitated  try  i 
metallic  aalta,  the  acetates  of  lead  and  coprn^r  for  example. 

Hitrttj^eucedanin,    C'*H"(NO*)0»  (Bothe,  loc.   cit.\  is  produced   hy , 

peucedanin  to  60°  with  nitric  acid  of  (tpecifir  gravity  1'21.  The  resnltuig  ydlov 
solution  ftnliHiflee  on  cooling  to  a  ci7staUii«rd  mass  which  may  be  purified  bj  cnilit 
lisation  from  alcohol.  Kitroppucedanin  formn  colourless  scales  moderately  solule  h 
alcohol  and  ether,  nrarly  insoluble  in  water.  It  melt»  and  decomposes  at  100**.  IPkn 
hrRted  to  UK)'' in  dry  ammonia  gas,  or  tjvated  with  ammonia  and  alcohol,  it  is coBvottj 
iiJtonitropencedamide(^probaUjC«tt**^*0'  =  <:«tt'\-SO^\0*  t  NH*  «  fl^ji 
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which  cnrstalliseB  fironi  boiling  alcohol  in  Rhming  rhomboTdal  prUnu  Wf  toluble  in  tX- 
cohol  and  ether,  inAolublH  in  water,  ami  d6com[io^*(l  by  weak  acida  or  by  c»iutic  potaah 
into  nitrop«*ucedanin  and  ammonuk 

PBtrCTX.     Syn.  with  TRRBRtunrs. 

PBAGOZ.ITB.    A  Tnriety  of  chabaait^  from  Leipa  in  Bohemia  (I  844). 

PBACONXIC.  An  albuminous  Bub«tiuice  cooaUtuting  tbe  inner  portion  of  tha 
crj'btulUui  h  lis  of  the  eyes  of  fiiihee  (ii.  616). 

PKXO&STZV.  C"H*0'? — A  brown  reainons  aubatance  obtained  by  Sohlolit* 
bergar  and  Bopping  (Ann.  Ch.  Phann.  I.  207)  from  rhubarb-root  To  prepare  it 
the  root  is  nxhanMted  with  alcobcl  of  60—80  per  cenL ;  the  «Taporat«d  extract  ia  treated 
with  water  which  diNwlres  only  part  of  it ;  tbe  uudiaaolred  portion,  after  being  com- 
pletely dried  over  the  walcr-bath,  is  disaolr^i  in  tbe  smalJeat  poaaible  qoanlity  of  alcohol 
of  80  p<*r  cent. ;  the  solution  is  precipitated  by  ether,  and  the  precipitate  again  treated 
with  ttleohol  of  80  per  cent,  whereby  it  is  separated  into  insoluble  aporctin  (i  352)  and 
s  solnticn  which  when  ernpomted  learea  pbacorcttn. 

Phxoretin  when  dned  and  pulverised  forma  a  yeHo  wish -brown  powder,  having  no 
taste  of  rhul'firb,  very  slightly  soluble  in  toaier,  easily  in  alcohol  and  in  aJJealis,  from  which 
latter  solutions  it  is  precipitated  witb  yellow  colour  by  most  mineral  acids;  itdissolTca 
however  in  acrtic  ana  in  conerntrated  suluhurie  acicL  Its  compounds  with  the  alkalit 
have  a  deep  red-brown  colour.  When  heated  on  platinum-foil  it  molts,  giving  off 
yellow  rapoors  having  a  faint  odour  of  rhubarb,  euid  bums  away  without  leaving  a 
trace  of  aah.  The  solution  of  pheeoretin  in  ammonia  forms  with  acttaU  of  Uad  a  violet- 
red  precipitate  which  appears  to  decompose  during  washing. 

nmOUXX  or  F&SOBZO  ACXD.  A  conatituent  of  the  pericarp  of  bay-beiriM 
(iii.  477). 

FBA3UICACOCAICZTB.     Syn.  with  OumoTB. 

PKA&nCACOXiZTS.  Native  calcic  ursenate,  occurring  sometimpa  in  distinct  mono- 
clinic  prisms,  but  more  frequently  in  delicate  siUcy  fibres,  acicular  crystalliBations  or 
stellate  groups ;  also  botT)'oVdal  and  8talactiti<\  sometimes  massive.  Hardnesa  = 
2 — 2-fi.  Specific  gravity  2*64 — 273.  It  has  a  vitreous  lustre,  white  or  greyish 
colour,  Rometimes  tinged  with  red  from  admixture  of  anenate  of  cobalt;  streak  wnite. 
Translucent,  to  opaque.  Fracture  oneven.  Thin  lamtne  flexible.  It  is  insoluble  in 
water,  but  easily  soluble  in  acids. 

Analyses. — a.  From  Wettichen  in  the  Blade  Forest  (Klaprolh,  lieitraae^  iii.  277). 
—6.  From  Andrcaaberg  in  the  Han  (John.  CHem.  Untera.  iL  221). — c.  Locality  un- 
known (Turner,  Pogg.  Ann.  v,  198). — d.  From  Oliicksbrunn  in  the  Thtiringerwald 
(Bammelsberg,  ihid,  Ixii.  150). 

a.                       h.                       c.  d. 

ArseniQ  anhydride          .         .         SOSi  46CS}  ....  <£I-68 

Lime 26  00  27*28  (  '*"*  J  23  60 

Cobaltie  and  ferric  oxidea     ...  .    .  .    .  1*43 

Wat«r 24-46  23-86  20-99  23-40 

lOOOo  96-82  lOOOO  10000 

The««  analyaoB  lead  to  the  forraala  2Cu"O.AB*0»,6H'0(ca]c,  6116  AsK)*.  2487  Ca'O 
and  23-97  water),  or  2Cu"HAs0^6H'0.  The  cobalt  in  the  kst  is  probably  due  to 
admixture  of  cobalt-bWm. 

Pharmacolite  is  also  funnd  at  St  Marie  anx  Mines  in  the  Voa^ea,  at  Kiecheladorf 
and  Eieber  in  Hessia.  ami  at  Jnachimsthal  in  Bohemia ;  it  occura  in  aasociation  with 
arsonic&l  ores  of  cobalt  and  silver. 

Picrophamacolite  from  Riechelsdorf,  containing  46*97  per  cent  AbH3*.  24  65  lime, 
3-22  magnesia,  TOO  cobalt-oxide,  and  2398  water,  is  probably  pharznacoHte havmg the 
lime  partly  replaced  by  magnesia. 

VBAJLUCACOSIDSSXTB.     Syn.  With  CUBB-ORB  (it  171). 

PHASEOXiVS.     See  BxAN  (i.  524). 

rBABlSOllSASnffZTm.     See  iNosrrs  (iii.  274). 

VBBASAJrr.      In  the  egg-fhell  of  PknManUM  coiehirwi,  B.   Wicke  (Ann.    Ch. 

Pharm.  cxxv.  78)  found  93-33  percent,  carbonate  of  calcium,  066  phosphate  of  mag- 
nesium, 1'37  phosphates,  and  4  64  organic  matter. 

VBBirACZTX  or  PBBVAXZTB.     A  silicate  of  glucinum,  occturing  with 
eruld  in  Perm,  llmen  Mountains,  and  with  quartz  at  Framont  in  Alsace,  in  rbombo- 
bedral  c'ryetals  with  scalenobedral  and  prismatic  faces.     H  :  R   ~    116°  40';  oR  :  R 
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-»  142*^ -41';  length  of  principal  axis  =  0*66.  Cl^arage  imperfect  ptnllel  to  R  and 
oeR2.  Twinu  nlw  occur,  with  face  of  composition  paniUel  to  ocR.  Haidneaa  »  8. 
Specific  graritr  »  2969.  The  crystAls  are  tntnsparent  to  opaque,  colouriess,  or  of 
bright  wine-jeUow  colour  inclining  to  red,  and  with  Titreons  lustre.  Fracture  linular 
to  that  of  quartz.  Infusible  per  se  before  the  blow-pipe ;  forms  oolonrless  glasses 
with  fluxe« ;  melts  to  a  milk-white  bead  with  a  small  quantity  of  sodie  carbonate^ 
forms  a  tumefied  invisible  mass  with  a  larger  quantity.  Not  attacked  by  adds.  A 
bpecimeufrom  the  llmen  Mountains  was  found  by  Hartwall  (Fogg.  Ann.  xxzi.  fi7) 
to  contain  65*14  silica  and  4447  glucina  («  9961 ;  a  specimen  from  Alsace  analysed 
byBischof  {ibid,  xxxiv.  525),  gave  64*40  ailica,  46*57  gludna,  and  0*09  lime  and 

magnesia— results  agreeing  nearly  with  the  formuU  2^K)*.3SiO*  or  20^0^10*  >• 

df^iO*  (see  GLVcnnnc,  iL  849),  which  requires  63*96  silica*  and  46-04  gladna. 

PKaWAWIM.  A  name  given  to  aniline-riolet  by  Scheurer-Keatnsr 
(Jfthresb.  1860,  p.  728)  who  regai^  it  as  related  to  aniline  in  the  same  manner  •• 
naphthameine  (oxynaphthylamine)  to  naphthylamine. 

VHiarAanxO&.  Puknatx  or  pHKimjt.TB  of  Autu  (See  Fhkhol,  p.  391.) 
See  Phintl,  fiTi>BA.TB  or. 

PHEN1.TB  OF  EtUTL. 

Syn.  with  Mcscoyitb. 
no  AOZB.    See  Fevkol, 

VBSVZCm.  A  colouring  matter  produced  by  the  action  of  nitroeulj^uirie  add 
(a  mixture  of  strong  nitric  and  sulphuric  actds)  on  phenylic  alcohoL  The  add  is 
sdded  in  successive  portions  to  crystallised  phenylic  alcohol,  the  mixture  being  cooled 
after  each  addition,  a«  long  as  red  Tapours  continue  to  escape.  The  add  liquet  is  thea 
poured  into  a  large  quantity  of  water,  and  the  resulting  predpitate  is  washed  with 
water  and  dried. 

Fhenicine  is  a  brown  amorphous  nowder,  sparingly  soluble  in  water,  easily  aolnUt 
in  alcohol,  ether  and  acetic  acid.  Alkalis  likewise  dissolve  it  easily,  imparting  a  fiat 
violet-blue  colour,  which  however  is  changed  to  brown  by  the  least  excess  of  aod.  & 
dissolves  also  in  lime-water.  It  melts  and  turns  black  at  a  moderate  heat  It  ii  a 
mixture  of  two  colouring  matters,  one  yellow,  the  <^er  black,  both  of  which  hovanr 
poBsees  the  same  tinctorial  properties. 

Fhenicine,  like  the  aniline  colours,  dyea  silk  and  wool  without  the  interreation  of  a 
mordant.  A  piece  of  silk  or  wool  dyed  with  phenidne  acquires  a  fine  ganct-rsd 
colour  on  immersion  in  a  solution  of  chromate  of  potassium,  or  better,  of  chrooiata  of 
copper  acidulated  with  sulphuric  acid.  Nitrate  of  copper  produces  the  aame  effert  bit 
with  less  intensity.  Cotton  mordanted  with  stannate  of  soda  or  with  tannin  mtSlj 
absorbs  phenicine,  and  acquires  a  deep  purple  colour  on  subeequent  immersion  ia  hot 
potassic  chromate:  but  the  colour  is  chttn^>d  to  blue  by  alkiilis,  and  easily  daatNjcd 
by  soap. 

Strong  nitric  acid  converts  phenicine  into  a  resinous  ]Htste  which  diasolTesia  IM- 
moniu,  furming  a  brown  solution  which  dyes  silk  and  wool  somewhat  like  aiduL 
(E.  Dolfus,  Bull.  Soc.  Chim.  1865,  i.  226.) 

VHiarozO  AOIB.     C*H*0^— An  add  isomeric  with  collinic  add  (L  108SX  pi^ 

ducfd  by  heating  a  solution  nf  benzene  in  a  ilight  excess  of  fuming  sulpfanzic  add  to  lOl^i 
then  diluting  with  water,  and  gradually  adding  small  pieces  of  add  potaaaie  chKHastiv 
The  distillate  contains  phennic  acid,  partly  diMolved,  partly  floating  aa  an  dJ,  aad  ii 
crystals.  It  is  distrnguishf>d  from  collinic  acid  by  its  greater  solumlitj  in  ho^wwtm. 
Its  siiver-saU  contains  OH'AgO'.     (Church,  Chem.  Soc  J.  xiv.  62.) 

An  add  of  thf*  same  composition  and  doubtless  identical  with  the  praoBdio^M 
obtained  by  distilling  coal-tar  (containing  toluene,  xylene  and 


dilutfi  nitric  acid.     This  acid  melts  at  about  60®,  but  occasionally  remains  liqaid  «l 
ordinaiy  temperatures,  espedall^  when  not  quite  pure.    It  has  an  acrid  taaU^  ia  hsafiir 
than  water,  mixes  in  all  proportions  with  alcohol,  is  onlT  slightly  aolnble  Ineold 
more  soluble  in  boiling  water.     From  a  saturated  hot  solution  it  separates  while 


as  a  heavy  oil  which  iiometim«>8  solidifies  immediately.  It  is  slightly  Tolatila^  rovwnf 
itself  with  beautiful  crystal timtions  even  at  ordinary  tempentnres.  Wlira  boiMwn 
water,  it  volatilises  to  a  considerable  extent.  It  can  be  distilled  fl«r  se  withovt  deooM* 
poflitinn,  and  forms  well  ciystallised  salts  with  the  alkalis.  (De  La  Roe  aad  MiUai; 
C^hrm.  Soc  J.  xiv,  64.) 

h'itropkrnoic  acid,  CH'(NO')0*,  is  produced  by  oxidising  nitrbbcname  witb  salpkiric 
Hcid  and  potasnc  chromate.  It  crystallises  in  nacreous  laminn,  has  artroaigaeid  wactiwii 
melts  without  decompodtion,  dissolves  in  boiling  water,  and  yidda  iijilrilMalilsMrf 
(Church.) 
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C>H'0   -   ^*|0,     Bydrati  of  Pkrttyl.     Phntylie  aicokol.    Phtntc 

imeid,  CarMicaeid.  Oiol-ttir erm^ute.     (Ruiiffe,  Pogg.  Ann.  xxxi.  W;  xxxil  308. — 

Lanren  t,  Ann.  Ch.  Ph3'B.  [3]  iii.  195. — WiUiamaon  aiidScruffhain,Chcxii.  Soc.  J. 

(tiL  232). — Tbifl  oomponiid  is  conUinMl  in  considerable  quantity  in  coal-tar  (.Runge, 

r  Laurent),  and  ia  produced  by  the  dry  dintillation  of  salicylic  acid,  either  alone  or  in 

contact  with  caustic  liin«  or  baryta  (Oerhardt,  Rer.  scicat  x.  210): 

CH»0*       -       C-H-0      ^     C0». 

Fit  la  alto  fbrmed  in  the  dry  distilUtioo  of  guni-l>enzoin  (£.  Kopp),  ofthprMinof 
^ Xitnthnrrhaa  hrntUii,  of  quinic  acid  (W6hler)»  of  chromate  of  peloaine  (Bddeker, 
'  pL  372).  and  ia  found  in  #mall  quantity  among  the  producta  obtnincd  by  paaaing  the 
rapour  of  alcohol  or  acetic  acid  through  a  red-hot  tub«  (Bertbelot).  It  ia  to  phf'Dol 
that  ca«ton'Um  uwes  xX^  p**iTiliap  odour  (Wiihlcr).  The  urine  of  the  cow,  of  the  horw, 
and  of  man  cxintain  sensible  quAntiiien  of  phenol  (8ladeler,  Ann.  Ch.  Phann.  Ixvii. 
liflO  ;  lixvii.  1 7  \.  Commerciiil  ('pBOftote  oft<*n  conaistB  almost  entirnly  of  phenol,  but  the 
truecreo»ote,obtained  by  the  distillation  of  wood,  ia  a  totally  diflerent  aubetance(ii.  103). 
preparation,  1.  From  GM/Z-Mr.— The  tar  is  distilled  ull  anthmccne  begins  to  paaa 
?vrr:  the  remilting  oil  ia  rectified,  collecting  apart  the  portion  which  distiU  orer 
bftWM»n  160°  and  200°  ;  this  p<«rtion  is  mixed  with  satunitea  potAah-I*y  and  pulreriaed 
hydnittiulpotaasium,  whereby  it  is  immediately  converted  intu  a  whit*' crvHlaliine  magma; 
this  subatancQ  is  dissolved  in  hot  water;  the  oil  which  hsca  to  the  mrface  is  remoTftd  ; 
the  lower  idkaline  liquid  is  aeutrulised  with  hydrochioric  acid  ;  the  impure  hydiute  of 
phenyl,  which  rises  to  the  surface  as  an  oil,  is  washed  with  a  little  wnter,  digested  over 
chloride  of  calcium,  r«»ctified  severaJ  times,  and  gradually  cooled  to  —10°  in  a  closed 
Teasel;  and  the  rt^uUing  m-stal«  of  pure  phenol  are  frivd  from  the  remaining 
fluid  portion  by  inrprting  thr  bottle  over  another,  cure  being  taken  to  exi*lnde 
the  air,  which  might  give  u(i  water  to  the  crystals  (Laurent).  The  tedious 
fractional  distillations  invnivodinthis  process  may  be  considerably  abridged  by  intro- 
ducing into  the  portioDj  which  buil  between  186°  and  188°,  a  few  crystals  of  pure 
phenol ;  a  largo  portion  of  the  liquid  tbf  n  solidifies  after  a  while  in  colouiieea 
needles,  which,  when  separated  from  the  liquid,  distil  at  184°  and  yield  a  lubtiraiUe  of 
pure  phenoL     (Williamson  and  Sc  rug  ham.) 

GladHtone  (Chero.  News,  ii.  08)  recommends  placing  good  commercial  oirbolicacid 
for  Bomp  days  in  contact  with  a  lump  of  chloride  of  calcium  aiid  then  laariug  the  pher.ol 
to  crjstallise  out  in  a  freezing  mixture.  He  ia  of  opinion  that  th«  crcsol  or  cresylic 
aliwhol  likewise  present  in  crud<*  Ciirbolic  acid  is  conrerted  into  phenol  by  contact  with 
chloride  of  cajcium  or  chloride  of  xinc. 

2.  From  Sidicylic  acid. — Cr>nlanised  salicylic  acid  is  strongly  and  quickly  hented  in 
a  glass  retort  either  alone  or  mixni  with  [KmndMl  gliua  or  quicklime.  Phenol  then 
paaseB  into  the  rcceiTer  and>fr)'«tullisefl  on  ctxding  almost  to  tbelavt  drop.  The  phenol 
thus  obtained  appears  howevrT  to  differ  in  some  of  its  properties  from  that  obtained 
fVum  coal-tar,  inasmuch  *s  it  crystallises  more  readily  and  reaeta  lomewbat  differently 
with  pentachloride  of  phosphorus  (p.  390). 

PnipfTtui. — Phenol  crytitallises  at  ordinary  temperatures  in  long  colourless  needles 
appjirentiy  belonging  tu  (he  trinietric  system,  and  having  a  specific  gravity  of  1065  at 
18-^  (.Laurent),  I  U627  (Scrughaml  It  melta  nl  34-  — 35%  and  Itoileat  187^—188° 
(Litnrent);  184°  (Scrugham).  The  crystals  of  phenol  obtained  from  coal-tar 
deliquesce  easily  to  an  oil  bv  taking  up  a  mere  trace  of  water  (Laurent);  a  lump  of 
chloride  of  colcinm  causes  the  oil  to  solidify  immediately  (Gerhardt).  Phenol  pro- 
duced by  decomposition  of  salicylic  acid  is  much  Ivas  deLique.sceut  than  that  obtained 
fpTvm  cual-t^ir  (Watts).  Phenol  does  not  rwlilfn  litmus.  It  smells  like  wood-tar 
crufiDtp,  and  attacks  the  skin  like  that  nnb^ilAnce.  Its  aquinus  solution  coagulatee 
albumen  ;  it  unitee  with  certain  animal  subHtancwi  and  preserves  them  from  decompo- 
eitioQ,  even  nr^moving  the  fetid  odour  from  mejit  and  other  subutancea  alreudv  in  a  state 
of  decompositioQ.  Fish  and  leechc-s  die  when  immersed  in  the  aqueous  solution,  and 
tlifir  bodies  subsequently  ilry  up  on  ex|K>»ure  to  the  air,  without  putrefying. 

Phenol  is  but  sparingly  soluble  in  wattr,  but  dissolves  in  all  proportions  in  alcohol, 
flhrr  and  strong  acetic  acid.  When  shaken  up  with  ^  pt.  uf  water  and  exposed  to  a 
t^-mperature  of  4°,  it  takes  up  water  and  forms  a  hydrate  2C'll*0.H'O,  which 
crystAllises  readily  in  large  six-sided  pnsms  belonging  to  the  trimelric  system,  and 
melting  at  16°.     (Calvert  Chem.  Soc.  J.  xviii.  66.) 

Phenol  may  be  dintilled  without  alteration  over  melted  phosphoric  add,  also  over 
caustic  potash,  Uiryta,  or  lime. 

DfcompoMtionA, — I.  Phenol  passed  through  a  red-hot  tube  undergoes  very  little  d«- 
romposition.  vielding  however  a  small  quantity  of  naphthalene  (Hofmann). — 
2.  C>txong  sulphuric  acid  dissolves  it  with  gr'-af  rit*  of  temperature,  but  without  color*- 
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tion,  fdrmingpheDyl-salphnric  acid.  ItredQce«m»viirw(m(2p-attfa«botHiigbea^ 
Beparates  metallic  aUver  from  the  nitrate,  fmd  reduces  peroxide  of  Uad  to  protoxid«, 
Heated  Tith  arsenic  acid,  it  fbrma  a  yellow  substance  callod  x&nthophenie  acid 
(F.  Fol,  RAp.  Chim.  app.  iv.  179.) 

3.  Strong  nitric  acid  attacks  phenol  with  great  Tiolenee,  each  drop  as  it  oomes  is 
contact  with  the  phenol,  hissing  like  red-hot  iron  plunged  into  water:  the  pfodnct  ibrmcd 
at  the  boiling  heat  istrinitrophenic  or  picric  acid,  CH^NO*)^;  ft  less  enngetii 
reaction  produces  mono*  or  di-nitrophenic  acid  (p.  393). 

6.  Chlorine  and  bromine  likewise  act  upon  phenol,  forming  Aubatitaticni-prodiieti 
possessing  add  characters  (pp.  391,  392). 

6.  When  chlorine  is  psssed  into  phenol  which  is  kept  eo(d;  and  the  product  treated 
with  three  times  its  weight  of  strong  nitric  acid,  dinitroehlorophsnic  acid, 
OH"C1(NO»)''0,  is  produced.     (Oriesa,  Ann.  Ch.  Pharm.  cix.  286.) 

7.  Phenol  is  scarcely,  if  at  all,  attacked  by  iodins,  but  with  chloride  of  iodine  it  font! 
mono-  anddi-iodophenic  acids.  (Schiitsenberger  and  8aDgeDwald,0ompt 
rend.  liv.  197). 

8.  Chloride  of  thionyl,  SOCl',  acts  stronglv  on  phenol  dissolved  in  ether,  eliminating 
considerable  quantities  of  hydrochloric  and  sulphurous  adds,  but  does  not  appear  to 
form  any  phenylic  sulphate. 

9.  A  mixture  of  hydrocMorie  add  and  potassie  chlorate  converts  (dieDoI,  fint  into 
trichlorophenic  acid,  and  subsequently  into  perchloroquinone  or  ehloraoil, 
CCl'O*.    (See  Quinonh,  Dbbitatitbs  or.) 

\Q.'  Pentachlnride  of  phoaphorue  conrerts  phenol  into  chloride  and  phosphate 
of  phenyl  With  phenol  from  coal-tar  the  products  are  chloride  of  phenyl  aod  tii- 
phenylic  phosphate  (Williamson  and  Scrugham),  perhaps  thus: 

6(C«H'.H.O)  +   2PC1"     «     2C-HKn  +   P(C^')»0«  +  Pa«0  +   SBfJi', 

but  with  phenol  from  salicylic  add,  an  add  phosphate  is  obtained,  which  forms  sabs 
with  metallic  bases,  and  probably  consists  of  diphenylic  phosphate : 

6(C^«.H.o)  +  2Pa"   -   3c»hk:;i  +  pcch^ho*  +  pa"o  +  4HC1 

This  add  phosphate  crystallises  much  more  easily  than  the  neutral  triphenylic  phoephato 
(H.  Watts,  unpubfijfhtd  experimmts).    See  Phosphoric  Ethers. 

11.  With  chloride  of  benzoyl^  phenol  forms  phenylic  benioate^  CH*(C*H*)0' 
(i.  653). 

12.  Cyanic  acid  vapour  passed  into  perfectly  dry  phenol  converts  it  into  alio* 
phanate  of  phenyl,  C^H'(C<H*)N'0*,  which  crysiallises  from  hot  alcohol  in 
slender,  unctuous,  tasteless,  inodorous  crystals,  insoluble  in  cold  water,  rvsolved  at  160^ 
into  phenol  and  cyanurie  acid,  and  converted  by  alcoholic  potash  into  allophanateof  potss- 
sium,  by  baryta-water  into  Hllophanate  of  barium.     (Tuttle,  Jahreeb.  1857)  p.  451.) 

13.  Phenol  docs  not  dissolve  in  aqueous  ammonia^  but  it  absorbs  ammonia  gai^  and tfal 
solution  when  heated  in  a  sealed  tube  is  partly  converted  into  water  and  aniline: 

C«H*0   +  KH"     «     HK)  +   C-HTf. 


\  14.  Phenol  is  attacked  hj  potassium  or  aodiwn^  slowly  at  fint,  more  qnicUy  i-_ 

*.  aided  by  a  gentle  heat,  hy^ogen  being  evolved,  and  phenate  of  potassium  ' 

j  sodium  produced.     (Laurent.^ 

16.  When  carbonic  anhydride  »  passed  into  pure  phenol  gently  warmed^and  miiim 
is  added  by  small  portions,  hydrogen  is  erolTed  and  salicylate  of  sodium  is 
formed.  The  reaction  is  the  converse  of  that  by  which  phenol  is  produced  from 
salicylic  acid.    (Kolbe  and  Lautemann,  Jahresb.  1869,  p.  309;  1860,  p.  291.) 

PkiNATBS. — 1.  M e tallic—VhenoX  unites  with  the  stronger  basea,  but  the  tamr 
pounds  are  very  unstable  and  difficult  to  obtain  in  definite  form.  Indeed  phenol  ha% 
m  properties  as  woll  as  in  composition,  the  character  of  an  alcohol  nkther  tban  that  of 
an  add.  It  dissolves  in  caus  ic  potash,  but  the  quantity  dissolved  doee  not  increase  ii 
proportion  to  the  quantity  of  potash  present  (Culvert,  Chem.  Soc  J.  zviii.  68);  it 
sIho  dissolves  carlwnate  of  potaHslum,  but  without  expelling  carbonic  add.  FlkCBol 
does  not  unite  with  the  acid  sulphites  of  the  alkali- metals,  and  therefoe  does  not 
behave  like  an  aldehyde,  in  which  character  Gmelin  is  inclined  to  regard  it  {Homdbetkt 
xi.  146). 

Phenate  of  potassium  is  produced,  as  already  observed,  by  heating  phenol  vilk 
potftjtsium ;  also  by  direct  combination  of  solid  potash  with  phenoL     The  oily  U 
formed   in  either  case  deposits  the  potassium-salt  on  cooling  in  iriiite  net  ' 
soluble  in  alcohol,  ether,  and  water,  and  decomposed  by  mineral  adds  with  i 
of  phenol.     (Laurent) 

Phenate  of  barium,  C'*Hi*>Ba''0*.3H'0,  is  obtained  by  boiling  phenol  wiA  ' 
water  and  evaporating  in  vacuo,  as  a  crystalline  erost  containing  42'48  per  eeat  beiy^ 

Phntftt,-  of  liad,  obtained  by  boUing  phenol  with  lithaiige  and  adding 'a  tgw  dnft  flf 
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alcohol  to  Ihe  product,  ita  whit«mAMContAining,neconlingtoCalTcrl,  C'~}r-0'.'iPL''0 
or  CH^IVO'.Pb'HJO*.  ft  is  slightly  soluble'  in  hot  dcohol,  and  scparatra  on 
cu<>Ung.  With  buric  luxtMeof  lead,  phcoul  forou  pircipiutrsof  uncertjiia  compoeilivu. 
(CalverU) 

'1.  Ahokoiic  Phenatrs.  Pkfnic  EtkarM. — a.  Mfthjflic  PAenait  or  AniMni  has 
Wen  ftlrtsidy  duscrihed  under  the  luU«r  nami*.  togHhcr  with  ita  bromo-  »nd  nitro- 
deriv^ilivoM.  tuid  liip  busra  funned  bj  the  Bctiuii  of  redociag  agents  on  the  latU-r 
(i.  304—306). 

0.  KtAyiie  Pkenair,  PA^nftol  or  Sdiihof,  CR'H)  «  C^\CMi»)0  (Cahours,  Ann. 
Ch.  Phyi.  [3]  xxvii.  463.— B»ly,  Ann.  Ch.  Phunn.  butiii.  208).— Thia  compound  i» 
obtained  by  tnn  di7  distiUatiun  of  pi-rfectly  anhydrous  i-thyl-salicyUte  uf  banuni,  tlte 
oilr  distilUtf^  h«ing  purified  by  washing  with  warm  alkaline  ley,  digeeting  with  fu§ed 
chloride  of  caldom,  and  rectification.  It  is  a  colourless,  mobile  liquid*  Uf^httT  thun 
water,  having  an  agreeable  aromatic  odour,  insoluble  in  water,  very  soluble  in  ulcuhul 
and  ether,  boiling  at  112'^.  It  is  not  altered  by  potash.  SuiphuHc  acid  conTerttt  it 
into  a  sulpho-acid  forming  a  soluble  burium-s&lL.  With  ck/orine  and  hronunt  it  forms 
crystalliasble  products.  U  is  strongly  attibcked  by  Aiming  nitric  add,  the  pxoducts 
▼arving  iu  composition  according  to  the  pniportions  used ;  with  a  smuU  quantity  of  the 
aeia  a  reddish-browa  oil  is  obtained,  probably  consisting  of  mononitrophenetul ; 
but  on  boiling  eihvlic  pbonuto  with  an  exoeaa  of  the  fuming  acid,  dinitrophenetul, 
C»H'(NO«)*0,  is  o'buined  (see  page  399). 

r  Amjflic  Phcnale  or  PhinaiHyhl,  C"H'"0  =  C*H'(C'H")0  (Cahours,  Compt. 
rend,  xxxii.  61).  Obtained  bv  beating  aoiylic  iodide  with  potassie  phanate  to  100^— 
VHP  in  a  sealed  tube.  It  in  a  limpid  colourless  oit  lighter  than  water,  having  a 
pleasant  aromatic  odour,  and  boiling  between  224°  and  22d°.  It  is  attacked  with  ^^at 
violence  by  fuming  nitric  iicid,  forming  a  h««Ty  oil,  which,  when  treated  with  alcoholic 
sulphide  of  ammonium,  yield.t  a  uryHlniliscd  base  (amyl-nitropbenidine,  or  nitro-pben- 
amylidino)  capable  of  firming  crvHtjUUsable  salta  Pheoomylol  dissolTe*  in  sulpaurie 
acid,  fonning  a  red  liquid,  which  gives  no  precipitoto  with  water,  but  forms  a  crystal- 
lisable  barium-salt. 

PKavOb,  BBXXVATZVS8  OF.  One,  two,  or  three  of  the  hydrogen* 
atomj  in  phenyl  may  bt*  replaced  by  bromine,  chlorinp,  iodine,  or  nitryl,  forming 
compounds  which  have  more  and  more  of  an  acid  character  as  the  substitution  is  mure 
oompleto. 

1.  BnrmiwheHoi*  or  Bromopkemic  Acids, 

Moaobromophenlo  aoid.  C^U*BrO.  Brvmopkeiuuie acid  (Cahours,  Aon.  Ch. 
riiys.  |3|  xii.  lui|.— Ubtiuned,  as  a  colourlfi^s  oil,  by  distiiliog  bromosalicylic  acid 
with  a  mixture  of  «>and  And  carbonate  of  barium. 

IMbronioplienle  acKi.  C*H*Bt'0.  Bromopken/He  actd. — Obtained  in  tike 
manner  from  dibromoHalicylioacid,as  an  oil  which  OTStalUMS  on  cooling.  (Oihoars, 
ice,  ci4.) 

Tribromopbenio  tuAiL  CH'BrH).  Bromopkenmc  or  Bromindoptic  add, 
(Liiurent,  Ann.  Ch.  Phys.  (31  iii.  'ill. — Erdmnnn,  J.  pr.  Chem.  xxii.  272.— 
Cahours,  i4K.  di.). — Phenol  imnicrsed  in  exce«s  of  bromine  becomes  strongly  heated, 
gives  off  hydrobromic  acid,  and  wlidifif*  op  cooling  to  a  brown  msss,  which  most  be 
boiled  with  water  and  ammonia:  the  sohition  sub«equently  filtered  from  a  imall 
quantity  of  brown  mfttt^r,  and  deooropobpd  by  hydrochloric  ai'id;  and  the  thick  pre- 
cipitate of  tribromophenic  acid  washed  on  a  filter  (Laurent). — 2.  Tribromosalicylic 
acid,  distilled  two  or  three  times  with  fine  sand  and  a  small  quantity  of  baryta,  also 
yields  tribromophcnic  tteid  (Cehoars),— 3.  When  indigo  is  det:om|)o«ed  by  bromine- 
water  and  the  product  Hulwvqueutly  dixtillcd  witli  potash,  bromauiline  passes  over,  and 
tribromophenie  acid  remains  behind.    (Erdmanu.) 

Tribromophenic  acid  cr}-ittallise9  by  fusion  or  sublimation,  or  fnim  aniution,  in  deli- 
cate white  needles,  or  right  rhombic  prisms,  having  the  acute  lati^ral  edges  truncated. 
Angle  odP  :  qcP=128°;  crP  :  o5Pod  =  ii6°.  It  is  ftisible,  crystallisw  on  cooling,  and 
may  he  distilled  without  d<KToropQHition ;  smells  like  tricblorophanic  add.  It  is  aoma- 
what  less  floluble  in  o/cr'Ao/than  the  Utter.  When  boiled  witn  mitrie  acid,  it  forms  at 
finit  a  reddish  rrain,  which  gradually  disappears,  and  on  evaporation,  cxystab  of  picric 
acid  are  obtained. 

The  tribromophenates,  when  heated  to  redness,  generally  leave  a  metallic 
bromide,  and  give  offtribromophenic  acid  (?). 

The  ammoniumsalt  crystallises  in  needles.  lu  solution  forms  with  concentrated 
chloride  of  barium  or  chloride  of  atrofitiwai^  a  precipitate  oompoaed  of  needles ;  with 
nrutral  acetate  of  lead,  a  white  precipitate;  with  cupric  acttai'',  a  red-brown  precipi- 
tate, soluble  in  alcohol ;  and  with  nitrate  ofai/vrr,  an  orange-yellow  precipitate. 

SuOttance  isomeric  mtk  tribrvmopkenic  acid.— A  concentrated  aqneous  soluiiofi  oi 
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salicylate  of  pot&tsiam,  duxm]  "with  a  smsll  quantity  of  puCaah.  *nd  th*n  witii  *  ha^ 
i^unotit/  of  bromiiip,  beooxDPS  beatnl  luxd  di^oloriwHl,  give*  off  carbonic  aabydxulcai 
soon  depomts  a  kermet-browu  stibstunce.  which  in  iuwtluble  id  vraM,  uuna^aM 
^taah,  and  alcohol,  bat  diuolToi  with  fxtrein«  facilily  in  rther;  it  eootMimkitm 
wuihiag  and  drying,  2219  per  cent  C.  71*8  Br.  and  OBS  H;  a.Dd,  wb«o  heatoi  pmt 
off  vhite  Tapoora,  which  coQd«zii«  into  delicate  white  n«edle«  of  tribromophaiiic  mI 
(Cahoara,  Ann.  Chim.  Phja.  [3]  xiii  43.) 

2.   Chhtn/phenoU  or  ChioropMenie  Acids, 

Bloliloropbenle  aetd.  C*H*C1^.  I>ic)Uorocarholic  add.  ChloropK^tme  ae(( 
(Laurent,  Ann.  Ch.  Pliya.  [2]  Ixiii.  27  ;  [3]  iil.  210.)— Thia  arid  ia  prrJdaced:  t  Bf 
Ihe  comporatiTcly  fei'ble  action  of  chlorine  on  phenol — 2.  Bj  distilling  diehlonmlic^ 
acid  with  fine  und  and  a  ematl  quantity  of  lime  or  baryta.  It  may  b#  pi 
from  the  impure  pbenol  which  passes  over  bftwecn  170'*  and  200®  in  tiio  rectil 
of  coal-tar  naphtha.  For  tiiii  purpose  chlorine  is  pMned  through  the- yeUowaW 
distillntAfnradAy,  and  th^  liquid,  cool n)  to  —10°,  ia  otminmi  throagfa  lineatoscp^ 
the  naphthalene  which  ha«  crjstiillised  out :  chlorine  ia  then  agnin  jpwaoed  for  twe^ 
tliruuglj  the  Itauid,  which  ia  then  cooled  to  0^,  decanted  from  crrstaUised  bydrocUf 
of  dichloronaphthalfnc,  and  distilled  (whereupon  it  froths  up  cousiderablj.giTinf 
large  quantity  of  chlurine.  and  afterwards  hydrochloric  acid)  till  the  thick  blael 
exhibits  considerablt*  iiitunif«cenec  (tetmrhloronaptithalene  tfapn  subliming  in  d< 
the  diatillate  ia  sliakr'n  up  in  a  bottle  with  oil  of  Titriol  as  long  as  hjdrodilo 
continum  to  Mcnpe;  the  mwM*olonred  oil  of  vitriol  (which  depoeita  a  aCinkin^sol 
when  neotralisw)),  ia  n^morcd  by  a  syphon ;  the  rptnaining  oil  xb  wmshed  with  a 
quantity  of  water,  and  mixed  in  the  flask  with  ammonia,  with  which  it  eolidiltea 
pletely  into  a  white  ma^!),  with  alight  rise  of  temperature:  this  maas  is  boiled 
water;  the  solut-ioa  doeant(*d  hot  from  a  brown  oil,  which  is  ner^iin  to  be  treated 
ammonia,  and  then  with  hot  watrr  to  remove  the  acids  completely  ;  the  hot  filt«td 
aoueona  aolutiona,  containing  di>  and  trichlorophennte  of  ammonium,  ar<e  mixed  by 
with  dilute  nitric  acid  till  a  sli^ht  turbidity  i«  produced  ;  the  liquid  is  filtered  fiwi 
red*brown  precipitate  ;  the  61trate  preripitated  with  a  slight  excess  of  nitnc  acidj 
white  precipitate,  which  is  gelatinous  at  firat,  bnt  afterwards  curdy,  &nd  oonsista 
needles,  collected  on  a  filter,  and  distilled  afterwashing,  pressing,  and  drying; 
diatilUte  boiled  with  a  slight  excess  of  aqueous  carbonate  of  sodium,  which  learei 
the  oily  dirlilurrrphtjiiic  ncid,  while  the  cryatallioe  trichlorophrnic  acid  is  pnct] 
from  the  flitrtit^  by  nitric  acid,  and  purified  by  distillation.     (Laurent.) 

riichloFi>phnnio  acid  is  an  oil  whicn  volatilises  without  residue,  has  a  peculiar  odoar. 
is  insoluble  in  irat<r,  but  disfolreei  very  easily  in  nltohol  and  etkrr.  With  aqaeot 
amrnonia  it  immediately  solidifies  into  a  crystalline  msaa,  which,  however,  on  S' 
X>osure  to  the  air.  gives  off  ammonia  and  becf]mea  oily,  bnt  solidifiea  when  again  tiaiaid 
with  ammonia.     The  solid  salt  is  soluble  in  water. 

Trtobloroplienlo  aoM.  CH'Cl'O.  Trickioroearbofic,  Cfdorophenine  or  CU^ 
rindtpptic  acid.  (Laurent.  Ana.  Ch.  Phys.  [2]  Uiii.  27;  [3]  iii.  497.) — Thia  acid  is 
fbrmra  by  the  actifm  of  chlorine  uu  phenol  or  diclilorophenic  acid  ;  of  chlorina  ia 
presence  of  water,  on  indifco,  aniline,  and  aalig^nin;  and  of  a  mixture  of  hydrochloric 
rtcid  and  potassic  chlorate^  continued  for  a  abort  time  only,  on  phenol. 

Ii  may  bo  prepared  :  1.  From  coal-tor  naphtft/i,  eilhrr  by  thp  method  just  described 
with  rcfcrencp  to  dichlorophf-nic  acid,  or  better,  by  rpppate*lly  distilling  the  commereial 
oil  (ibtHiineil  from  coal-tar,  collecting  apart  the  portion  which  boils  between  170°  and 
190°;  sepnmtin};  it  out  frum  the  naphthalene  which  crystaliiBAa  ont  in  the  eold; 
pussing  chlorine  gas  through  it  fur  a  day  or  two  according  to  the  quantity  ;  distilling  it 
till  nothing  but  a  carbonaceous  residue  is  left  ( whereupon  hydrochloric  acid  ia  given  off  and 
H  rery  nffenHJve  odour  emitted),  the  receiver  boing  i^hanged  at  certain  statfee  of  the  pfo- 
CPBS,  and  the  first  and  last  portiuns  of  the  distillutc  set  aside  ;  passing  chlorine  thnni^ 
the  middle  distillate  till  it  aolidifirs  into  a  crystalline  paste  ;  purifying  tliis  tnasa  £raa 
adhering  oil  by  spreading  it  on  paper  and  prensing  it ;  aif>solviiic  the  crystidline  maas— 
which,  besides  the  tridJoropbenic  acid,  likewise  contains  a  little  oil  and  esystallias 
chluralbin  (CCl'^H*) — in  boiling  water  coutainiug  ammonia;  01tering;  diasolvingin 
wuter  the  trichlorophcnatc  of  ammonium  which  has  crysTHllised  out  on  cooling ;  mixiag 
the  solution  with  hydrochloric  acid  to  precipit«t*^  the  trichlofophenic  acid  ;  and  pan- 
fying  this  product  by  washing,  drviog,  and  distillation.     (Laurent.) 

2.  From  Sn/iyeBin.— When  chlorine  gas  is  passed  through  an  aqupona  solnti 

Baligenin,  the  bottle  being  frequently  dosed  and  shaken,  the  liquid  immediately  be< 

turbid,  then  deposits  a  yellow,  afterwards  raddish,  and  finally  orHnge-yellowcrystallnv 
r^sin.  and  a  white,  bulk)-,  rrj-j^lline  preeipitate.  To  free  the  entire  precipitiite  from 
R  clo«ely  adhering  reddisft  oil,  it  is  distilled  three  or  four  times  with  oil  of  vithoL  whiok 
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earboni*^  the  oiU  vith  evolution  of  iiulphuroaa  iind  hydrochloric  acid«.  and  oltimatnljr 
pure  trtchlurophfmc  acid  distila  over.     (Piria.) 

From  Indigo. — When  cblorine-g»8  is  pawed  throagh  water  in  vhich  indigo  is 
Bospendodf  and  fh»  velloinah-red  magnia  it  diytilI«Ht  irilh  cohobation  ofth«  watery 
diatiliate,  a  crystalline  sublimate  ii  oVftAined,  conBtxtiDg  of  tricblomniline  and  tri- 
chloroph^nic  ucid;  and  when  this  mixture  is  dietillnl  with  potash,  the  trichlnra- 
niliii^  pa-iBes  over,  while  cr^'stalli^ed  trichloropheiiate  of  potassium  remftinii  behind, 
mixed  with  free  pntaah.  This  residue  in  pre»s'-d,  exposed  to  the  carbonic  acid  in  thp 
air,  dissolvfd  in  the  Hiuttllest  poasiblo  quantity  of  l:<iiling  alrahol,  and  left  to  cryf^tallise 
afVer  filtraiiun  ;  nnd  from  tho  aqnroua  fiolution  of  the  capillary  cryslab  thoa  oblaioed, 
the  trichlorophenic  ucid  is  precipitated  by  acida.     (ErdroHon.) 

Tn'cblorophL'nic  Mcid  crystalbses  from  solution — b«t  from  rock-oil — or  by  sublina- 
lion,  in  riry  alender  silky  oeodles  or  in  right  rhombic  prisms,  genpnilty  exhibiting  the 
combination  ooF  .  ooP*  .  oP.  Angle  ooP  :  oep  »  110-;  odP  :  gcPx  -  146°. 
It  melts  at  44*^  (Laurent);  58°  (Piria).  and  eotidiflefl  on  cooHng  to  a  radiated  mass  of 
nc'dJes.  It  boils  at  250°  and  distils  without  alteration.  It  has  a  very  penetrating  and 
persistent  odour,  and  is  easily  set  on  fire,  burning  wiih  a  grren-edged  smoky  flame  and 
emitting  hydrochloric  acid  rapoure.  It  is  insoluble  or  nearly  so  in  whUt,  but  diasolrcs 
in  all  proportions  in  aleokol  and  etkfr ;  it  dissolres  also  in  oiU,  both  ftd  and  ToluttU; 
easily  also  in  wnrm/irmin^  sttiphuric  acid,  with  which  it  solidifira  to  a  mass  of  neeOltrs 
OD  cooling.  Boiling  nitric  ada  r>onvertit  it  into  a  n^ddish  substance  (called  chlurtfphmsl 
by  Laurent  and  cnnTAiniiig  37"8  per  crant^  C,  I'92  H,  and  54'3  CI),  which  becnmni 
ctystalline  by  prolonged  ebullition.  Trichlorophenic  acid  heated  with  chlorate  of 
potassium  and  hydrtxIUuric  acid  is  coDTerU*d  intu  perchlorojuinoue  or  chluranil : 

CH'Cl'O     +      CI*     +     0       =       (>C1'0     +      3Ha, 

The  trrchlorophenalca  give  off  trichloropbenic  acid  by  dry  distillation,  learing 
a,  metallic  chloride  and  charcoal.  They  bum  with  a  smnkr  green-cdgeii  fluimc.  Nitric 
acid  added  to  these  soluliuns,  throws  down  the  trichloropheuic  acid  in  the  furm  of  a 
balky  maas.     (Laurent.) 

Ammonium-9aIt — The  solution  of  the  acid  in  aqueoiie  ammonia,  jrields  needles  which 
have  a  slight  alkaline  n-action,  and  sublime  completely  when  exposed  to  the  heat  of  tlm 
sun,  but  by  dry  distillation  in  a  retort,  nre  partially  resolved  into  nitn^fn,  aminuoia, 
trichlorophenic  acid,  dichlorophenic  acid,  and  sal-ammoniac  The  salt  dissolves  very 
sparingly  in  cold,  Yfty  easily  in  hot  water,  or  in  water  containing  alcohol  (Laurent). 
*Iho  potassium  and  /tffdiu/n- salts  form  very  slender  needles. 

The  bariuift-sall  is  obtained  as  a  white  gelatinous  precipitate  on  mixing  a  concen- 
trated so  In  tic  n  of  (he  ammonium-Hult  with  chloride  of  barium.  Dilute  solutions  yield 
no  precipitate,  but.  if  ImTh  tKilutions  are  boiling  and  concentrated,  the  trichlorophenate 
of  barium  sepsrutes  in  long  ni't-dles. 

The  ammonium-BttIt  throws  down  from  concentrated  (not  from  dilute)  aolutions  of 
chloride  of  calcium,  and  likewise  of  a/u/ri.  a  white  jelly;  it  prectpitatos  nnitral  aerials 
of  trad  KoA  ferrous-saits,  white; /fmV  $aHt^  reddish;  roba/t-safts,  reddish;  nivJcrt- 
salts,  greenish  ;  cirpria  salts,  brown-red  (dark  purple  violet,  according  to  £rdmann  and 
HofimanD),  th*'  precipitate  difsolving  with  brown  colour  in  hot  alcohoX  and  crystallising 
on  cooling  in  bruwn,  sihining,  obhque  rectangtilur  prifrms;  mcrrvrovf  nitraif^  while, 
according  to  Erdmann ;  Tnmruric  i'Muridfy  Vfllowish-white,  curdy :  and  nitratf  of 
sUwrr,  lemon -yellowish.  The  silver- salt  thus  obtoinedhaa  the  composition  OU'AgClH). 
(Lanrent) 

PflDtmotiloroptaeDto  aold.  OHC1*0.  Perrh/orophmic,  Pnrfi/orocarbolic,  Chloro~ 
phtnnsic  f:*v  Chhrinaiid  ChlorindopHc  acid.  (Krdmnnn,  J.  pr.  Chem.  xxii.  272. — 
Laurent,  Arm.  Ch.  rhvB.  [31  iJi.  497.)— Produced  by  the  action  of  chlorine  on  an 
alcoholic  solution  of  triclilorophenic  acid,  cblori^utin,  or  dichlorisatin  (iii.  406,  40B). 
To  prepare  it^  chlorine  is  pa.«sed  into  boiling  alcohol  of  80  per  cenU  containing  chlori- 
satin  or  dichloriaatin  in  su^pvnKion  i>r  solution,  till  the  thick  oily  precipitate  thereby 
produced  no  longrer  increftwes.  This  precipitate  is  washed  with  water  (to  extract  sal- 
aramoniac),  and  cxhutisti-d  when  cold  vtth  alcohol,  which  leaves  undisMlved  the  greater 
part  of  the  perchloroqninono  (chloranil)  formed  at  the  same  time;  the  alcoholic 
eolation  is  mixed  with  water  which  throws  down  a  resinuns  substance,  and  this  precipi* 
tate  is  dissolved  in  hot  raubtic  polaab.  The  solutiun  thus  obtained  deposits  on  cooling, 
crystals  of  potBMic  prntachlorophenate,  which  is  purified  by  recrystallising  it  aeveral 
times  from  potanh,  wherrin  it  is  but  slightly  soluble-. 

Pentachloroplifnic  ucid  precipitated  from  the  potassium -salt  by  hydrochloric  acid 
forms  white  flocks,  which  wht-n  dissolved  in  rock-oil,  sepirate  in  right  rhombic  prisms, 
fmncated  on  the  acute  litteral  edges.  Angle  ccP :  ooP  «  about  110°.  It  is  le!« 
fusible  and  less  volatile  than  trichlorophenic  acid^  but  nuiy  be  sublimed  in  long  needles 
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by  dUtUlAtioD  with  w«tac.    lu  odoor  U  like  that  of  triehluropheiuc  aad,  )m  ■■ 

FtHtacMoropinmate  of  AmmoniwH  forms  groups  of  iMningJ,  ap&ringlj  tolxlmK  ia  -mo. 
The  potMnuiH'-salt  cxyitaUuM  in  nwdlra  or  rfaombtQ  priaroa.  The  aolntaoa  d^at 
prrdpitata  th«  salt  of  calcium  or  m4Ufnesium  ;  but  fbnns  A  white  lloecalcnt  |,  ,  _ 
•with  cUoridt  of  barium;  biwiniUh-whit*  wilhf>w)-*a^ti;  reddiah  witii  iit*m£*yiiMu 
greooisb  with  nilraU  of  nickel ;  dark  violfl-purplo  with  capric  sulphaiti  »tiu  laa» 
lent  witb  mercuric  nitrate  or  chhruU  i  jnllow  with  ni/raXe  <j/"  Mivtr.  Hie  Ht«»fl| 
thus  formed  conUixu  OAgClH). 

3.  lodnpiumola  or  lodophenie  Acids, 

The  mono-  and  di-iodat^  cunipound.i  are  producod,  with  copiooa  evohUiaQaf^ 
druchloric  acid,  by  the  action  of  chloride  of  ludioe  on  phenol.  Thi*  eolotMs  of  lii 
r^eid^e  in  eoda-ley  vieldc,  on  addition  uf  hydrochloric  aca<^  a  (^reyieh>whit«  TBcidbi^ 
which  when  heated  under  the  ordinary  Atmospheric  preesure,  ia  resolrrd  into  ftlnp 
quantity  of  iodine  and  ru«olie  acid,  but  when  duitilled  in  a  vacuazUf  yielde  hqnid  ■«»• 
and  di-iodophenol  coDtAiningasmall  <]uaiitity  of  roeolic  acidL 

Mono-iodophenol,  C>HHL>,  is  cuLcmrless,  syrupy,  inaolable  in  tM^ar,  aDlvUia 
at4^hol  and  r/A/ r,  and  forme  witli  alkaliv.  crystaUieable  salta  which  are  solnUe  ie  pen 
water,  but  iasolnble  in  strong  potash-Icy. 

Di-ivdopkrnni,  C*U*i'^,  is  a  oolourlns  solid,  whidi  melta at  about  llil^.diwrlm 
sparingly  in  water,  and  cryntsilises  from  hot  dilate  alcohol  in  slender  flattened  utg^ 
It  dissolves  in  (dct>hol,  ether,  Kad  alkalis,  forming  with  the  Utter,  coin  pounds  whuh  m 
■oluble  in  water,  bat  iuKolable  in  strong  potaso-loy.  When  heated  it  g^vnofft^dtt 
and learea rosolic  add.  (Schiitzenberger  and  Seageuwald,  Compt.  rendlir.  IVT) 

4.  NitrophenoU  t/t  Hitrvphenic  Acid*, 

«ltroptkenleaold.C''H\NO'<10.  mroearftoUc acid.  (Hofmann^Ann.  GLFbaB. 
Ixxv.  358;  eiii.  '247. — Fritsdcht*,  Petenb.  Acad.  Bull.  xvi.  U ;  J.  pr  fllf  Xwm 
393;  Jahreab.  1857.  p.  463.) — This  acid  ia  produced  by  the  action  cf  nitric  acM!  «> 
phenol,  and  by  thst  of  nitroun  acid  upon  aniline.  When  nitric  uxide  gas  is  passid  «io 
a  ftulution  of  nniline  in  Mrong  nitric  acid,  a  brown  rp^inouH  mixtar^  i»  furm«d  n»- 
I  taining  cryotjilline  nitn?[>hf*nie  acid,  a  brown  nmorphoufi  sul^Ataacr,  and  a  tnn  tf 
plipnoL  Nitnjphenic  lu'id  ia  also  obtained  in  small  quantity  by  distil  Uog  aoilim  «n/i 
dihite  nitric  acid.     (Uofmano.) 

Prejtaratiam  from  Phmol. — To  obtain  nitrophenic  add  free  &om  di-  and  triBibefltMie 

avidjt,  the  action  of  the  nitric  acid  must  be  carrfully  nr^lated.      For  this  parp»i 

H  of  maun  mixes  phenol  and  the  strongest  nitric  acid  by  small  quantities,  keepiwtbi 

whole  well  cooled  by  a  freezing  mixtnre  ;  tht^n  adds  wster,  and   distils  the  runtiSE 

I  mixture  of  wuter,  oil  and  resin;  or  ho  distils  a  homogeDeoni<  roixtore   of  phsoellss 

L  water  with  ordinary  niiric  acid,  whereupon  the  Uouid  suddenly  turn^  br>>WD,  aiMi 

[•ppurates  trom  it,  And  yellow  drops  of  nitrophenic  add  pass  ove.  with  th»  vatm 

distillate  and  soon  solidify  in  the  ciystalline  form.     Fritssche  disaulvee  2  plaoT 

■pure  phenol  in  100  pt0.  boiling  water,  adds  3  pta.  of  fumix^  nitric  acid  of  tfrdie 

gravity  1*61,  and  distils.     At  first  the  nitri>phcuic  acid  add  ptases  orer  in  oily  (faufs 

which  ultimsroly  solidify ;  afterwards  as  an  aqueous  solution,  tne  first  portions  of  vbf^ 

deposit  needle- shaped  crjstals  of  nitrophenic  acid  when  cooled  to  0°.     Tlie  iiitropb*sitf 

acid  separated  from  thf*  accompanying  liquid  is  purified  by  redistiUatioo  with  viiff 

and  zMl7stalli»<Ation  from  alcohol  and  ether. 

iVopirtic*.— Nitrophonic  add  crystallises  in  prismn  of  132''  49*,  and  47°  IT,  bsni^ 
their  acute  And  obtuse  «dgee  much  truncnted,  but  whclht^r  they  are  trimetric  or  neso* 
dinic  eotild  not  be  determined,  on  accoimt  of  the  imperfect  dereJopment  of  thetw^ 
tntnal  bees  (Kokscharow,  Pfiti>ntb.  Aiad.  Bull.  xvii.  273).  It  has  a  light  vd^ 
colour,  an  aromatic  not  uajilcasant  odour,  and  sweet,  aromatic  taste  ;  melts  at  42^^,  sal 
solidifies  again  at  26°  (HoTmann);  melts  at  45^,  and  ttulidifiesat  the  aame  tempaatasi 
(FritSBcbe);  boils  at '216°  (Uofmsnn).  at  SU^' (Fritesche).  It  dissoUea «Mi]j 
in  alcohol  and  ether  (Hofmimn.  Fiitzttche),  and  separates  there^m  by  slow  ew- 
oration  in  yellow  noedl<*s  (Ha  fro  en  n) ;  sparingly  in  ttwif«rr  (HofmanD\  sparinclj  u 
cold,  more  easily  in  hot  water  (FritZM-he) ;  easily  in  hen^nte  and  stdphide  of  earhm 
(Fritf§che).  The  solutiimii  hnvean  Hcid  reaction.  By  tfiUphtiric  acid  it  is  conv^fd, 
slowly  when  disnolred  in  ammunia,  easily  when  dissolved  in  potash  or  soda,  into  aai* 
dophenol,  C*H»(NH*)0.     (Hofmann.) 

The  nitrophenalcs  are  Bcarlet  or  orange-coloured  acoonling  to  the  qoaBtityaf 
water  which  they  contain. 
The  ammomium'sali  separatee  on  cooling  from  a  solution  of  nitrophenic  acid  in 
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Inu  aiDmODia,  So  omnge-ycllow  Uminar  crysttiin,  wbi'di  qudJj  gire  olT  ammouia 
wheu  expottfj  to  th^  ttirin  Iho  moiBt  etate.  Th0  dry  salt  u  more  fiutily  pn-purvd 
•Ming  dry  ammonu-gas  into  an  Hhen^al  solution  of  nitropheaic acid,  wh^rpapon 
jNtfatn  ID  lomiDarcryatHla,  wbicb,  after  being  quickly  washea  with  ether  and  prcwd 
eeD  piip«r,  may  be  preserved  in  a  wt^U-cIoaed  T«rRAfl(Fritssche).  The  potasuuM- 
ia  obt&ini'd  by  dimolring  an  nceM  of  nitrophenic  acid  in  a  aolntion  of  canslie 

potaib  in  aJcohol  of  90  per  cent,  and  crytftallist'ik  from  the  eoact*ntruted  liquid  on  cooling 

in  flat  orange-red  cryHtala  containing  2C"U*Kt  NO"p.HH)  ;  betwwn  lao^"  and  13u<* 

I       they  gire  off  ihf  ir  water  and  torn  red.     Tbe  same  salt  may  be  obluiiitHi  in  orange- 

'        eolooxvd  needles  by  the  process  gireo  by  Hofmann  for  tho  preparation  of  tbv  trMliutn- 

I        salt  (FriUiche).     Tbo  Bodium-aait,  CH*Ka(NO>)0.  iji  obtnined  in  acnrlct  CTV«tnl->  by 

adding  soda  in  excess  to  aitrophcnic  acid,  expooing  the  compotind  to  the  air  till  all  the 

free   Boda   is  cunvorted  into  carbonate,   and   recrystalliaing  from  abaolat«  aleohoL 

(Uofmann,  Frilzaehe.) 

Tbe  harium-aa/t,  0"U*Ba"(NO>)K>*.  aeparates  in  scarlFt  tabular  crystals  on  boiling 
baryta-water  with  excftss  of  nitrophenic  acid  till  the  excess  is  driveu  off,  and  leat- 
ing  the  filtrate  to  oool  (Fritxscne). — The  Mirontium'StUt  prepared  in  like  maunor 
forms  QraoRft-ooloored  needles  containing  C"n'*Si^\N0')K)*.3H*0  (Fritxsche).— The 
caicium-aaU  ctystaUises  in  oraoge-cn loured  needles,  C"H'Ca"fNO']rO'.H*0,  or  plates, 
C"H*Ca''(K0*)*0i.4H'0.  which  turn  red  when  dehydrated.     (Frits^efae.) 

Jfo^fum'tMi-M/t.— Magneoia  boiled  with  nitrophenic  acid  forms  a  red  solation 
vhich  deposits  needle-shaped  crystals.  Nitrophenic  acid  boiled  with  carbonate  of  mag- 
nesium expels  only  a  portion  of  the  carbonic  acid.     (Fritxsche.) 

The  aoluble  nitrophenatee  form  orange-red  precipitates  with  aertaU  of  had  and 
ffvrcttno  chloride:  ( JI  u  f  maa  u).  The  precipitates  fomiml  in  solutitins  of  nitropbentitt'S 
by  zinc^  copper,  and  iutd-oaiU  quickly  decompose,  with  bcpunitiou  of  niiropbeuic  acid. 
(Fritasche.) 

SilwT-aait^  C*H*Ag(NO*)0. — Orange-rod  precipitate,  gpUtinons  and  difficalt  to  wajih 
(Uofmann).  Nitrate  of  silver  a/ided  to  a  concentrat«d  solution  of  a  oitrupbenata 
forms  a  deep  oruoge-ri-d  precipitate  which  at  tlr^t  consists  of  microscopic  needles,  bat  in 
contact  with  the  liquid  twxm  ebangps  to  a  powder  consisting  of  thick  czystals.  A  dilute 
solution  of  sUrer-nitrute  mixed  with  a  solution  of  nitropbeaic  acid  in  a  alight  excees  of 
ammooia^  depooita  at  first  lung  needles  of  a  derp  red  colour,  between  wliich  oraoge- 
eoloured  crystals  graduiilly  form,  and  ultimatply  thp  entire  deposit  changes  to  a  mass 
of  granular  crycitulb.     The  suit  is  anhydrous  in  both  forms.     (Fritssche), 

Ethylic  nitrophenatt  or  Nttrophenetoi,  Cli«(G=H*)(NO«)0.  is  prepartsl 
by  decomposing  th*^  silrer-sa.It  with  ethylic  iodide,  exhunsting  with  ether,  eraporulin)^ 
the  ethereal  extract,  uid  distilling  the  residual  brown  oily  liquid.  It  then  passes  OTer 
as  a  nearly  inodorous  wine-yellow  liquid,  iosolnble  in  watar,  easily  soluble  in  alcohol 
and  ether,  slowly  dfMMjmitosed  by  boiling  with  potash  (Fritzsche).  The  same  com- 
poond  appears  to  be  funned,  together  with  ethylic  diuitrophcnfite  or  diiiitropbenetul 
(p.  399),  wheu  ethylic  phenate  is  treated  with  faming  nitric  acid.     (Cahours.) 

Xaonltrophante  acid.  C«H\NO»)0.  (Fritssche,  Petersb.  Acad.BulLxTii.  1-16; 
J.  pr.  Ch»m.  Ixxv.  '^67  ;  Jahresb.  1858,  p.  407.) — This  acid,  which  has  tbe  same  com- 
position as  nitrophenic  acid,  hut  differs  Irom  it  in  it«  proftertie^  and  in  the  constitution 
of  its  saltA,  is  produceil,  »«imultAJieonidy  with  nitrophenic  arid,  in  the  first  stage  of  the 
action  of  nitric  acid  on  sqaeous  phenol.  It  is  found  in  tbe  re-^idue  left  after  the  nitro- 
phenic acid  has  been  distilled  off ;  bat  in  order  to  obtain  it  from  this  residue,  it  is  im- 
portant to  ensure  tbo  absence  of  dinitropbenic  acid,  and  therefore  not  to  uve  an  exceu 
of  nitric  acid-  Frit^aohe  therefore  dissolves  4  pts.  of  pht-nol  in  100  pi*,  of  hot  water, 
adds  6  pt£.  fuming  nitric  acid  ofspecificgrarity  1'51,  previously  diluted  with  20  pts.  of 
water,  and  distils  off  about  a  third  or  half  of  the  mixture.  The  distillate  contains  a 
kige  quantity  of  nitrophenic  acid;  the  residue  is  fet>e  from  dinitropbenic  acid,  and 
eonaists  of  a  dark  brown  resinomi  body,  which  for  the  most  part  adhorca  closely  to  tbe 
sides  of  the  retort,  and  a  yidlow  liquid  which  separates  io  oily  drops  on  cooling.  This 
liquid,  together  with  (be  solution  obtained  by  boilio}:;  the  resinous  mass  with  water,  is 
filtered  hot,  and  immediat^'Iy  sapersaturated  with  caustic  soda,  m  which  isonitro- 
pbeiiate  of  sodium  is  ianoluble.  This  sodium-salt,  which  separates  on  cooling  as  a 
yellow  crystalline  powder,  is  separated  from  the  liquid  bv  filtration  throagh  pounded 
gloss,  washed  with  a  little  soda^ley,  and  crystalli«4ed  from  the  smallest  possible  quantity 
of  boiling  water,  from  which  it  separates  on  cooling  in  prismatic  or  tabular  crystals. 
To  isolate  tbe  Isonitrophenic  acid,  a  solution  of  the  aoaium*«alt,  saturated  at  mean 
temperature,  is  mixed  with  hydrochloric  acid  at  the  temperature  of  aboat  40^.  till  the 
prerioufly  yellow  liquid  has  become  colourless :  tbe  acid  then  separates  on  coolinc:. 
first  in  oily  drops,  afterwiirds  in  slender  needles.  To  puiify  it  by  recrystallisation,  it 
must  be  diB^olved  io  water  not  hotter  than  40°,  since  at  higher  temperatures  a  portion 
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of  Ibe  acid  sepftratei  in  tb''  liquid  flUte,  and  tutuUjr  with  «  jellowisfa-red  eoloar.  1^3^ 
it  roUitu  oTen  after  solidifying. 

pTopertie*. — IsoDitropbemc  acid  crystaUiMfl  from  its  pare  sqaeoiu  •olatico  is  ibadr 
colourleu  oiwdleci;  bat  b;  spontaneous  eraporation  of  ao  ethereal  aolotioa,  ilBiitii 
obUun^d  in  Larger  cryfttida  whicb  assutn^  ■  yellovLib-r»d  ooloar  on  cxpoeura  to  fij^ 
and  air.  Tbe«e  two  forma  are  distinguished  \>j  Fritzsche  a*  the  colourlflai  aal  tb 
cobored  modification.  Tbe  acid  is  not,  bowf^rer,  dimorphona;  for,  a^^eordiog  to  Kak- 
■rbHrow,  both  forms  are  monoclinie,  and  bare  their  principal  axis  clxDodiagood  af 
orClui'liHgonal  in  the  same  ratio,  via.  as  10338  :  1  :  1*6094,  and  the  two  formm  tan 
inclined  at  an  angle  of  76^  37'.  The  crystals  of  tbe  coloured  modificalioa  cxfaibBl  tti 
combination  oP  .  -t-  P  .  odP^  .  qdPoo  ,  while  tbe  needle-shaped  dyvtsls  sf  tht  oalg*. 
le»>8  modification  («xhibit  at  thp  ends  only  the  &cfl  ^P. 

Isunitruphenic  acid  is  inodorous,  has  a  sweetish  taste,  with  banking  after  ^ssli  b 
disBoLvrs  very  ea^ilr  in  alcokol ;  tbe  (oluUon  becomes  milky  on  addition  of  wt«;a| 
the  acid  which  gnulually  ooUecta  together,  it>mains  liquid  for  d«j«,  if  cmly  a  ad! 
|i)Uiintity  of  water  hiis  boon  added.  In  tbe  dry  state  it  melta  at  abont  11<F;  ni« 
water  bt*tween  i%°  and  50°.  At  a  stronger  heat,  it  buiis  and  passes  orer  fat  the  ani 
pari  ondeoompoaed :  it  TolatiliKea  perceptibly,  howerer,  at  lover  temperata»L  cf« 
pelow  its  melting  point,  abto  with  aqneuua  rapour  when  boiled  with  water  It  a 
Bcarcely  attacked  by  strong  tuJphMric  acid,  even  after  prolonged  boiling.  When  it  it 
treated  with  iron  Jilin^t  and  dilute  acetic  arid,  a  violeDt  action  takes  place,  «ad  t 
dark  brown  sparingly  soluble  iron*8alt  is  formed,  cuntaining  a  peculiar  acid  not  f0 
exiunined. 

/«on(/ropArna/«s.— Uonitropbenic  acid  is  a  weak  add;  it  expels  carbonic  ttA 
fmm  the  carbonatea  of  the  alkali* metals,  and  from  magnesia  alba  ;  but  soaroely  atla^ 
the  carbonates  of  the  other  earth-metals,  even  at  the  boiling  beat.  It  forms  b«l  «Bt 
etbyl-uompound.  and  is  therefore  protmbly  monobasic :  nerertheleas.  it  fonu  tea 
daanea  of  salu,  nsmeJy  nnitral  taiU,  C«H<M'NO«  iw  C'-H»M"V5t>«,  which  see  mmk 
-vellnw  or  browni!»h-yellr)W  in  thehvdraTrd,  and  brick-red  in  the  anhydroiia  state;  tta 
OL-id  talt3,  OH'MNU».C-H*N0»  o"r  C'-H-M''NK)«.C"H"NK>*,  from  which  ihs  1 
atom  of  acid  may  be  removed  by  eiher. 

The  neutral  ammonium-Malt  (ob'ained  from  a  solntion  of  the  acid  in  exees«  i#« 
aqaeoas  ammonia)  and  tbe  acid  talt  ( i<j  cautiooaly  adding  acetic  acid  to  a  colds 
solution  of  the  preceding)  CQ-staUise  in  yrllow  aeedles;  both  salts  melt  when  heated, 
and  give  off  their  ammonia. — Potassium^aits.  The  and  dissolvee  easily  in  diku 
potash-ley ;  and  on  adding  excess  of  potash  to  this  solution,  the  neutral  noli  C*H*KSiC^. 
2HM)  separates  as  %  golden-yellow  microscopically  crystalline  precipitate,  which,  vIms 
ret^ryatallised  from  a  stnull  quantity  of  hot  water,  forms  confused  crutits  of  eryBlakoD- 
taimngC«U'KN0'.2ll'0  ;  they  give  off  their  water  at  130*^,  but  recover  it  on  cspos)B«t» 
the  air.  From  a  cold  conctMitniied  solution  of  this  salt  mixed  with  a  little  aceCieacMi 
or  from  a  solution  uf  the  neutml  salt  and  the  free  acid  in  equivalent  pn^portions,  the  ^*i 
McUt,  C'H*KNO'.C'*H*NO\  separates  in  prismatic  cryetaJs  whicb  appear  also  toooaUti 
2  at.  water,  hut  give  off  acid  as  well  as  water  when  bejited — SoJiHtn-4a/ts»  A  sola* 
tion  of  the  nrutral  sodiuiU'Sait  prepared  as  above  described  (p.  395)  yields  at  onlii4n 
temperatures  yellow-brown  crystals  which  contain  C*H'Nais'0*.4ll-0,  give  off  katf 
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their  water  on  exposure  to  the  air.  becoming  opaque  and  ytdlow,  and  the  rvmaiBdvat 
11 U^;  the  anbydruufl  sail,  which  baa  a  brick- red  colour,  takes  up  2  at.  water,  ud 
becomes  yellow  again  on  exposure  to  the  air.  On  adding  acetic  acid  by  drops  to  a 
cold  fuiturated  solution  of  the  nnutrul  sodium'-aalt,  the  acid  soft  is  soon  deposited  ta 
prismatic  crystals,  which,  when  rec-irHtalliMKi  &om  water,  yield  slender  orangc-fni 
prisms  containing  Ofl*NaN0'.C"H*Na<XiH=0. 

Barium-naltn.  The  neutral  salt,  C'=H''Ba''N^O«.8H=0,  crystallises  from  a  mixtoie 
of  the  neutral  soiliuni-siiU  and  chloride  uf  barium,  in  brxiwn-yelbw  monocUnic  prifBi 
with  basal  eDd-fiio»'S ;  it  slnwlv  pves  off  half  its  water  when  exposed  to  the  air,  s^ 
b»s,Y,mes  anhydpotift  at  120^— The  acid  salt,  C«H*ai"N«<:)».C"H'*N»0«  4H*0,  sepanftH 
in  distinct  cryetals  from  a  mixture  of  the  nrutraj  salt  and  the  free  acid  in  eqaiialeot 
proportions. — In  likemanneraro  obtained  the  neuXr(i/«iron^iMwi.*ay^,C"H'Sr'7f*0*.7ffOL 
in  yellow  needles;  the  acid  tfroniittW'aaJt  in  light  yellow  prisms; — aJso  the  wiiifcsf 
calkvm-tfdt,  C'»H»Ca"N»0«.4n«0.  in  yellow  needles,  and  the  acid  cal^um-MU 
C'»H«Ca'"NH)*.C"'H'»NH)*.8H'0,  which  separates  from  a  hot  solution  on  cooling  inabst 
flat  prisma. 

Tbe  magnesium-9alt,  C"H'Mg"N'0*8H'0,  crystallises  from  amixtuivof  thebot 
solutions  of  the  neutral  sodium-suit  and  sulphate  of  magnoeinm,  or  from  the  solotioB 
obtained  by  boiling  the  aqueout-  acid  with  excess  of  mngaesia  ulba,  in  flat  prisms  or 
tablets. — An  acid  magnesiam-anlt  does  not  appear  to  exist 

Solutions  of  copper  and  sinO'MdU,  addea  to  soluble  isooitropbenates,  throw  down 
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pTPcipitatM  oonaisting  of  basic  salta,   while  free  isonitrophenic  add  rem&inB    in 
•atotion. 

L€ad-9alt»,  The  nm<ra/«a// has  not  been  obtained. — ^By  dropping  a  wlntion  of  the 
flodium-Mlt  into  a  boiling  solution  of  neatral  lead-acetate,  the  salt  3C'*H*Pb'^*0«. 
aPb'O,  is  obtained  as  an  orange-coloored  precipitate,  floceulent  at  first  but  soon 
changing  to  a  gianolar  mass  of  microscopic  eix-sided  tablets. — An  acid  lead-aalt  sepa* 
xmt^s  on  cooling  from  a  solution  of  isonitrophenic  acid  in  hot  aqueous  neutral  acetate  of 
koid,   in  light  Tellov  needles,  which  after  recryBtallisation  conUin  4C"H'?b"N'0*. 

5t7«er-«af^«.— The  precipitates  formed  on  mixing  solutions  of  aUcaline  isonitropheo- 
ateaandsilTer-nitnite,  differ  in  composition  according  to  the  constitution  of  the  soluble 
iiionitrophenate  used,  the  concentration,  temperature,  and  proportions  of  the  mixed 
•olutiona,  and  the  manner  in  which  they  are  brought  together.  The  neutral  si/ver-salt 
containing  when  air-dried,  C'H*AgNOMI-0,  is  obtained,  on  dropping  a  cold  solution  of 
neutral  isophenate  of  sodium  or  ammonium  into  solution  of  BilTer>nitrate,  as  a  bulky 
•eariet  precipitate,  which  soon  changes  under  the  liquid  to  a  mass  of  microscopic  prisms 
of  a  deep  orange-jeUow  colour.  I^  on  the  contraiy,  nitrate  of  silrer  be  addea,  with 
■tirring,  to  a  cold  aqueons  solution  of  neutral  isonitrophenate  of  ammonium,  the  liquid 
becomes  milky,  a  red  precipitate  is  formed,  and  aftOTwards  a  permanent  light-yellow 
pmcipitate  consisting  of  a  duuble  isophenate  of  silver  and  ammonium.  When  a  mixture 
of  the  hot  solutions  of  n  neutral  alkaline  isonitrophenate  and  silver-nitrate  is  left  to  cool, 
e^wdally  if  the  latter  in  in  excess,  an  acid  siiver-aa/t,  fiCH'AgNO'.CH^NO',  separates 
in  purple  needles,  which  if  left  in  the  liquid,  ultimately  change  into  the  neutz^l-salt. 
A  mixture  of  the  warm  solution  of  the  acid  Bodium-salt  with  excess  of  a  concentrated 
adntion  of  silver-nitrate,  also  yields  crystals  of  the  purple  salt  just  mentioned;  but  the 
last  portions  redissolved  in  the  liquid  after  complete  cooling,  and  in  their  place  there 
are  formed  yellowish-green  laminse  of  the  normal  acid  salt  C*H'AgNO*.C*BL*NO*.H*0, 
which  qoickly  turn  scarlet  on  exposure  to  the  air.  On  dissolving  either  of  the  pre- 
ceding silver-salts  in  ammonia,  an  iaonitrophenaU  of  argentamTrumium  is  formed.  A 
doMn  iaonitrophenate  of  ammonium  and  argentmnmomum  has  alao  been  obtained  in 
nther  large  cryHtala. 

Sthylie UonitrophenaU  or  Uonitro^kenetol,  CH*(C*H*XNO")0,  is  ob- 
tained by  decomposing  the  neutral  silver-salt  with  ethylic  iodide,  distilling  off  the  excess 
cf  the  latter  and  exhausting  the  residue  with  ether.  It  crystallises  in  colourless  prisma, 
easily  soluble  in  ether,  less  soluble  in  alcohol,  insoluble  in  water ;  has  a  peculiar  aromatic 
odour;  melts  at  57° — 68°  to  an  oily  liquid  which  solidifies  in  a  crystalline  mass; 
bcf;ina  to  boil  at  a  stronger  heat,  and  may  be  distilled  fw  the  most  part  without 
decomposition.     (Fritzsche.) 

mtro-dlebloropbenic  add.  CH*C1^N0*)0.— Obtained  by  treating  rectified 
roftl-tar  naphtha,  first  with  chlorine,  then  with  nitric  acid.  The  product  mixed  with 
wter  is  neutralised  with  ammonia,  and  boiled;  the  filtered  solution  is  neutralised  irith 
smmosia,  and  the  nitro-dichloropheoic  acid  which  separates  on  cooling  is  purified  by 
recxTstallisation  from  alcohol.  It  is  vellow,  soluble  in  toaUr,  moderately  soluble  in 
boiung  alcohol  and  in  ether^  and  crystallises  in  beautifal  monodinic  prisms  having  the 
angle  odF  :  »P  »  88°  ;  odP  :  oP  «  108°  20'  to  108°  SO*.  When  quickly  heated  in 
a  doee  vessel,  it  decompose  with  ignition. 

tht  ammonium-salt  crystallises  in  beautiful  orange-red  needles  which  when  cautioni^ 
heated  partly  sublime  without  decomposition.  The  potasnum-aalt^  C*H'KC1YN0*)0, 
emtallisee  in  very  brilliant  laminK,  which  exhibit  bv  reflection  two  very  aifferent 
eoloDrs,  appearing  of  a  fine  crimson  in  one  direction,  and  pure  yellow  in  another.  The 
Other  salts  resemble  the  trinitrophenates  or  picratea.  (Laurent  and  Del  bo  8^  Ann. 
Ch.  Phys.  [3]  xii.  380.) 

Xttro-^-lodoplienlo  aeid.  C^'I*(NO*)0. — Formed  by  treating  hot  nitro- 
nlif^lie  add  with  iodine  and  adding  potash.  Its  properties  have  not  been  examined. 
(Piria,  Compt  rend.  xvi.  187- ) 

9inttroplMiilo  add.  CH'K*0*  i**  C^\NO')*0.  NitrophtneMc  add.  (Lanr- 
•nt,  Ann.  Ch.  Phys.  [3]  iii.  212.) — This  acid  is  produced  by  the  comparatively 
Bioderate  action   of  nitric  acid   on  phenol  (Laurent);  also  by  boiling  dmitranisol 

fmethyUc  dinitrophenate,  i  305)  with  alcoholic  potash.  (Cahours,  Ann.  Ch.  Phys. 
BlTxxv.  22.) 
Prtparation. — 12  pts.  of  commercial  nitric  acid  are  added  by  separate  portions  in  a 
large  porcelain  basin  to  1  pt  of  that  portion  of  coal-tar  naphtha  which  boils  between 
160°  and  190°,  a  fresh  portion  being  added  as  soon  as  the  violent  intumescence  caused 
hj  the  preceding  has  subsided,  in  which  case  the  mixture  becomes  hot  enough  to 
i«nder  external  hecuing  unnecessary.  The  resulting  thick  red-brown  mass  is  freed  by 
water  from  the  greater  part  of  the  nitric  acid;  the  residue  boiled  with  veiy  dilate 
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smmonU ;  the  Bohition  while  botnipidlrfiltaNdfrom  at 

fur  the  prepftiBtioD  of  picric  acid ;  the  brown  emtallme  mihaitmaoB  whidi  i 
within  24  hoars  from  the  doik  brown  flltratflh  is  oaiUeetod  (w  mdditioiiBlqnnl]^«fA| 
brown  icsinuus  mass  Rerring  for  the  prepantioD  of  pierir  acid  maj  be  jvBcaaUidfi« 
the  mother-liquor  by  acids) ;  the  ajBtslUne  Mabstuee  ia  diaaolred  id  bouisg  vttit; 
the  delicate  needles  of  dinitrophenate  of  ammoninm  which  fbrm  on  eooling;  anpsfr 
fied  by  foar  recrystallisatiuns  (the  matter  precipitated  from  the  iiiotber>liqiion  (17 ■)» 
acid  Bcrres  aluo  for  the  prftpamtion  of  picric  aeid),  washed  with  cold  watar,  sm  d^ 
solrt-d  in  a  very  Urge  quantity  of  boiling  water ;  the  solnCioii  is  filteired  as  qu^a 

Snssible  from  any  of  the  brown  mass  that  may  be  precipitated;  the  inoChcMi^ii 
■•canted  from  the  acid  which  crystallises  on  cooling,  boiled  with  freah  ammonis,  1^ 
mixed  with  nitric  acid,  &c. ;  and  Anally  the  acid  thus  obtained  in  fork-like  tafts,  ii  d» 
solved  in  boiling  alcohol  to  purify  it  from  a  small  qnantitj  of  oil :  it  than  aTsUQaa 
free  from  oil  on  cooling.     (Laurent) 

Properties. — ^Dinitrophenic  acid  forms  pale  brown-yellow  priama  belonnng  ts  ih 
trimetric  system,  and  exhibiting  the  combination  odF  ,  aeJ^oo  .  foe  with  P  ywy  sit 
ordinate.  Angle  odP  :  odF  »  130°;  odP  :  v>fm  »  116°;  obPoo  :  fm  .  ll^. 
Ratio  of  principal  to  secondary  axes  -  1*00  :  0*619  :  1'327.  1^  melta  at  IM^.  ari 
solidifies  m  a  rndiated  mass  on  cooling ;  may  be  distilled  fai  amall  quantities  aiihatt 
decomposition.  It  is  inodorous ;  tastuess  at  first  sfterwarda  Tezy  bitter ;  oolom  tk 
cuticle,  horn,  and  other  animal  tissues,  deep  yellow  (Laurent).  It  ia  iasobUt  ■ 
cold,  sparingly  soluble  in  hot  wattr;  easily  soluble  in  alcohol  and  etJktr,  the  lattwvki 
hot  talcing  up  rather  more  than  a  fourth  of  its  weight  of  the  acid. 

Decompositions. — 1.  The  acid  detonates  when  suddenly  heeted  in  a  tnbcv  orifif^lh 
when  heated  in  the  air,  with  red  flame  and  black  smoke,  leaTing  a  rendne  of  dtsRML 
— 2.  Wlwn  heated  with  bromin^j  it  is  converted  into  dinitrobrotnopheBie  wl 
Chforinr  appears  not  to  act  npon  it — 3.  By  boilins  nitric  acid  it  is  qnieUy  ecewttirf 
into  picric  acid  (Laurent). — 4.  When  heated  with  ekUtrate  of  poiaaaium  and^Jii 
chloric  acid^  it  is  very  easily  oonrertsd  into  perchloroquDone  (Hof mann,  Ann.  ffan& 
lii.  62). — 5.  It  dissolves  in  wwemfuming  oil  oftntriol,  and  then  deeompoeea^  with  ml 
evolution  of  gns,  turning  brovn  and  thickening  at  the  same  time. — 6.  It  £ami« 
gradually  in  dilutr  sulphuric  acid,  in  presence  of  rinCf  forming  a  roee-cokrared  Uqiii 
which  is  turned  green  by  excess  of  ammonia,  without  precipitation. — 7-  When  dwH^ 
with  dilute  su/phuric  and  and  baryta,  out  of  contact  of  air,  it  fomoa  a  blood-redhqnd 
(Laurent).— 8.  When  gently  heated  with  aqueous  sulpkicU  of  ammontHm^  it  fbv^t 
nearly  bhu^  liquid  iriiich  on  cooling  deposits  needles  01  nitiophensniic  acid: 

C»H^NO*)K)     +     3H»S     -     C"HYNO»)(NH«)0     +     3H«0     -f-     ft 

lJinitn;i>beulc  Kitrophaumlo 

add.  add. 

9.  Chloride  of  benxoyl  attacks  dinitrophenie  add  when  heated  with  it^  giving  off  fajA^ 
chloric  acid  and  forming  dinitrophenylic  benzoate  or  dinitrobenxophcnida  (L  M4^ 

10.  With  pentaehloride  of  phtfsphorus  the  acid  givea  off  hjdroehlorie  acid  and  ]»» 
plioric  oxychloride  and  forms  diuitrophenyh'c  chloride^ 

The  metallic  dinitrophenates  are  obtained,  sometimes  by  satimt^g  the  add  with 
tbu  pure  base  or  its  oarbonate,  sometimes  by  doublu  deoompoaition.  tEsit  anydlov 
or  roseate  and  cryHtallisabla  They  all  dissolve  in  water,  and  in  thia  fbtm  iBBOC  s 
strong  yellow  colour  to  animal  tissues.  Heated  somewhat  above  the  meltiiw  poiat  ut 
li>4id,  they  detonate  very  slightly,  with  emission  of  light  Salphmic^  l^ydzo^ocie  aid 
nitric  acid  separate  the  acid  from  them. 

Tho  amnumium-talt  crystallises  from  boiling  water  in  long  thin  yellow  ncwdlM  bariw 
a  silky  lustre.  By  sublimation,  yellow  shining  lamime  aie  obtained.  Very  apaDa^ 
soluble  in  water,  still  less  in  alcohol. 

The  jwtourujA-M/^,  2C*H'K(N0')>0.H«0,  forms  yellow,  shining,  six-aided  L 

with  angles  of  llfi°.     They  redden  when  heatid,  without  alteration  of  weight; 

pose  and  become  opaque  below  100°  ;  give  off  3*90  per  cent  water  in  Taeno  at  tOO^; 
melt  at  a  stronger  heat,  and  then  detonate.  They  dissolve  sparlnglj  in  eold  et&s^ 
very  sparingly  in  cold  itlcohol,  more  easily  in  hot  alcohol.  Thf  ifnfiwn-atdt  ftff*— jrBiH, 
silky  needles,  which  dissolve  pn'tty  easily  in  water. 

The  barium-salt,  C<*H*Ba  (NO'')*O^AH'0  crystallises  in  thick,  roaeate^  ab^M 
oblique  prisms  and  needles,  with  two  angles  of  the  lateral  edg^  of  89°,  ■■mI  fMrsf 
135°  30'.  In  vacuo,  at  ordinary  temperatures,  they  give  off  6-6  per  cent  (S  allaid 
at  lOO'^'  altogether,  15*42  |M-r  cent.  (5  at.)  water. 

The  ammoniiun-salt  mixed  with  vhltfridt  of  strontium^  the  solotiona  beiH  bot  nr4 
concentrated,  soon  forms  silky  needles ,  with  chloride  ofealcium^  grannlea  eoa  '  ' 
of  needles;  with  a/// m,  needles.     It  does  not  pr«  cipitate  Ae  salts  oimaffne$imm^  t 
ntsr,  cadmium,  cobalt,  nickd,  or  copper,  or  mtrcuric  aalts, 

Dinitrophenate  of  Cobalt  forms  brown-yellow,  right  rectangular  prinag^  wift  dh 
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bedral  nitnmita.  Its  brown  aqaeons  solntion  forms  with  ammonia  a  yellow  precipitate 
which  melt«  and  detonates  when  heat«l.  The  copper-salt  crystallises  in  yellow  silky 
needles,  whose  yellow  solntion  forma  with  ammonia,  yellow  needles  sparingly  solable 
in  ammonia  or  m  water. 

irtirf.#a/(i».— The  neutral  salt  has  not  been  obtained.  A  ba$ie  Uadsalt,  2C"H*Pb'* 
(NO')H>*.Pb"0,  is  formed  on  pouring  a  boiling  alcoholic  solution  of  the  acid  into  a 
moderately  concentrated  boibng  alcoholic  solution  of  neutral  acetate  of  lead,  and 
ci^-stalliseB  on  cooling  in  spherical  groups  of  microscopic  needles  having  a  fine  yellow 
colour.  Another  haste  suit,  C"H"rb"(N0»)«0».4H'0,  is  obtained  on  pouring  dinitio- 
phenate  of  ammonium  into  a  boiling  dilute  solution  of  neutral  lead-acetate.  It  is  one 
of  the  most  powerfully  detonating  of  all  salts.  The  ammonium-salt  forms  with  solution 
of  nitrate  of  silver  a  reddish -yeUow  precipitate,  or  in  case  of  greater  dilution,  after  a 
while,  needles  which  dissoire  in  a  large  quantity  of  water  or  alcohoL     (Laurent) 

Dinitropkenic  ethers. — 1.  Methylic  dinitrophenate  or  Dinitranisolt  C'H*N'0* 
»  CH*(CH'X^O')H),  has  been  abeady  described ;  also  the  base  Metkiflnitrophenidins 
or  NUranisidine,  G'H*(NO')NO,  formed  from  it  by  the  action  of  sulphide  of  ammo- 
nium. 

Ethvlie  IHnitropksnate,  Dinitrophenetol  or  IHmtrosaliihd,  C"H"NK)»  «  C^*(C*H») 
(N0*)*0,  is  obtained  by  treating  ethylic  phenate  (p.  391)  with  an  equal  volume  of 
fhming  nitric  acid,  added  by  small  portions,  and  boiling  the  liquid  for  a  few  minutes 
till  it  becomes  clear,  and  then  adding  water.  Dinitrophenetol  is  thereby  precipitated 
u  an  oil  which  ultimately  solidifies,  and  may  be  crystallised  from  boiling  alcohol.  It 
oystallises  in  yellow  needles  very  much  like  dinitranisoL  When  caatiously  heated,  it 
sublimes  without  residue;  but  if  quickly  heated,  it  decomposes  with  ignition,  leaving 
an  abundant  deposit  of  charcoal.  Sulphide  of  ammonium  converts  it  into  ethyl- 
nitrophenidine,  C«H'»{NO")NO. 

IHnltroltromoplienlo  aold,  C*H"BrNK)*  »  C*H'Br<KO')'0.  Nitroin-omo- 
pksHStitaHd,  (Laurent,  Rev.  scient.  vi.  66.) — This  acid  is  produced  by  dissolving 
dhutrophenic  acid  in  heated  bromine,  washing  the  crystals  which  separate  on  cooling 
with  a  small  quantity  of  alcohol,  dissolving  them  in  boiling  ether,  and  leaving  the  solu- 
tion to  aystaUise  in  a  beaker  covered  with  paper.  It  is  sulphur-yellow,  transparent ; 
oystallises from  ether  in  shininff  monoclinic  pnsms  having  the  ang]e  ooP  :  mP  »-  106° 
8<P;  oP :  ooP  =  98°  30'. — From  boiling  water  or  alcohol,  it  separates  in  needles.  It  melts 
•t  about  110°,  and  solidfies  on  cooliiu;  into  a  laminar  fibrous  mass.  When  strongly 
heated,  it  distils  partly  undecompoeed  and  leaves  a  small  quantity  of  charcoal,  Per- 
manent in  the  air,  inodorous,  colours  the  skin  yellow,  like  picric  acid.  It  dissolves  very 
sparingly  in  boiling  water,  and  sepsrates  almost  completely  on  cooling;  with  moderate 
faexlity  in  boiling  alcohol,  more  easily  in  ether.  It  dissolves  also  in  warm  oil  of  vitnol 
and  crystallises  therefrom  in  fern-like  tnfts. 

I^ecompositions. — 1.  The  acid  is  not  decomposed  by  chlorine  in  the  cold  and  but 
■Kghtly  when  hotted. — 2.  By  boiling  nitric  add  it  is  converted  into  picric  acid, — 3.  Its 
solution  in  warm  oil  of  vitriol  decomposes  when  heated. — 4.  Its  aqueous  solution  forms 
with/«rr9us  sulphate  and  lime,  a  blood-red  liquid,  with  precipitation  of  ferric  oxide. 

The  dinitrobromophe  nates  are  yellow,  orange-oolonred  or  red;  erystallise  well ; 
rcvemble  the  picrates ;  detonate  for  the  most  part,  like  those  salts,  when  heated,  but 
Ian  strongly,  and  in  a  dosed  space  with  emission  of  light;  most  of  them  dissolve 
in  water,  horn  which  solution,  sulphuric,  hydrochloric  or  nitric  add  separates  the 
dinitrobromophenic  acid. 

The  ammonium-salt  forms  yellow  eight-sided  needles  derived  fVom  a  rhombic  prism. 
In  vacuo  at  100°  they  give  off  8*57  per  cent,  water,  and  1*86  per  cent  more  at  a  heat 
nearly  sufficient  to  volatilise  them,  and  then  sublime,  for  the  most  part  nndecomposed, 
in  yellow,  shining  right  rhombic  prisms,  with  lateral  edges  of  45°  and  136°. — The 
poiassium^Mlt  forms  yellow,  silky  needles,  sparingly  soluble  in  water  and  alcohol. 

The  barium-salt,  C"H*Br*Ba*(N0»)*0*.4H«0,  forms  dark  yellow  needles,  which  dis- 
■(^ve  very  readily  in  water,  give  off  in  vacuo  at  ordinary  temperatures,  7'6  per  cent, 
(3  at)  water,  assuming  a  scarlet  colour,  and  at  100°,  9*42  per  cent.  (4  at.)  in  all. 

The  calcium-salt  forms  long  yellow  lamins,  which  are  oblique  rectangular  prisms. 
Tbev  turn  about  on  recently  dried  paper  or  in  vacuo,  giving  ofr  water  and  assuming  a 
•carlet  colour.  The  ammonium-salt  does  not  form  any  precipitate  with  chloride  of 
strontium,  magnesium  or  manganese. 

Lead-saU. — When  a  boiling  dilute  solution  of  the  sraraonium-salt  is  poured  into  a 
boiling  dilute  solution  of  neutral  acetate  of  lead,  tiiere  is  immediately  formed  an  orange- 
yellow  precipitate  of  a  basic  salt  containg  37  per  cent,  lead-oxide;  and  the  liquid  de- 
canted therci^m  after  some  seconds,  forms  pale  yellow  silky  needles  of  the  diplumhic 
aaU  C»«H*Br*Pb''(N0»)*O».Pb'H'0»  which  give  off  8*3  per  cent  (2  at)  water  in  vacuo 
at  \f^,  and  contain  44*0  per  cent  lead-oxide. — In  solutions  not  too  dilute,  the  am- 
monium-salt ibrms  with  lead-salts,  a  heavy,  yellow,  crystalline  precipitate. 
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The  ammonium-salt  forma  with  the  mIIa  of  cadmium^  cobalt,  niciei  and  ..  _ 
adiUtion  of  uminonia,  a  precipitate  which  conaiata  of  nAe<U»>Bbaped  pattada,  tenslj 
aolnV>lf  in  nmmonia. 

With  mtrafe  (/u7(vr,  the  ammonium-sttlt  fonns  a  yellow  tmnsJncent  pcBepUfe; 
from  very  dilute  s<jlutioh«,  the  sUvpr-salt  is  d«poait«d  in  czivym^iy  fine  fiUmwtfc 

Slnltrootiloroplwnlo  nold.  C*H'CINK)*  -  CH'C1(  N'a»)»0  (P.  Ori«»4.jUa 
Ch.  hlmrni  cii.  286.)— Pt^part^  ^y  paiwina  a  modtrulHy  strong  atrwa  of  eUaaa 
iuto  about  A  pound  of  phenol,  kept  at  n  mudorate  heut,  and  addin^^  the  prodoci  IjiHd 
DortioDs  to  nitric  acid  of  ordinary  strength,  in  a  capacious  poroel^in  difth.  Thr  •£«« 
twgiiia  in  the  coM,  and  is  attfndfd  with  the  evolution  of  rwi,  inteoaelj  irritiaiq^ 
Tupoura,  amalling  like  chloropicrin.  but  towards  the  end  a  gentlo  hnat  must  be  t\^iH 
tilt  red  Tapoiua  are  no  lon^Kur  given  off.  The  reftulting  red  oily  maaa,  consisting  tk^ 
of  dinitrachlorophenic  acid,  is  va^hM  with  watrr  to  free  it  from  exccae  of  nitncaa^ 
[  fend  ^tn  oialic  acid  formed  in  the  reaction,  and  then  treated  with  aqueooa  anrnwa; 
the  crj'stalliae  magma  thus  produced  (conaifttim;  ehi<^fly  of  (iiaitrochloropbcailt  tf 
aramoninro)  is  diseolred  in  hot  water,  and  quickly  filtered  ;  the  yellow  needlaof  &» 
ammonium -salt,  which  separate  aa  the  filtrate  coula,  iLre  once  revryatalliaed,*  and  da 
aohition  of  the  purifi*^  aaJt  in  boilinj;  water  ia  doooiopoaed  by  dilute  nitric  acid. 

Dinitrochlopophenio  acid  thus  prepared  crysralliaes  in  light  yellow  anhydroua  laiuEC 
It  iabut  slightly  eolnble  in  hot  water,  and  separatee  almost  oomplet^'ly  in  yellow  lawn 
on  cooling.  It  diwiulvefl  more  readily  in  aieoKol  and  etktr,  abumiintly  alaoia^ 
Aytlroch/oric,  nifrii\  and  aulphuric  acids,  aeparating  from  theae  solutiona  oo  oooIib^ 
rNDccially  on  additiun  of  water,  in  nearly  culourloae  laminR.  It  melte  at  103^,  lulidh 
fyinc  again  to  a  radio -cryatAlline  ma»  at  96°,  and  aublimea  without  alteratioa.  ti 
jinwder  or  in  rapour  it  ixcitea  violent  ooughing  and  aueeiing;  it  tiuitea  intenaely  bilUr 
iikf  picric  acid,  and  colours  the  skin  yellow. 

The  a4*id  or  ita  umnionium*8aIt,  digested  at  a  f^ntle  heat  with  aqaeooa  nJpUdt  *f 
cmnuminm,  is  converted,  with  deposition  of  BulphuTi  into  amidonitrochlorophaiie 
acid.  C*H\NH'HN0«)C10. 

The  dini trochlorophen Ates  eryetallise  well;  they  are  all  sparingly  sol abU a 
wntcr,  and  are  deposited  from  hot  aqueona  solution  on  cooling  in  reildiwfa  or  yellow  crvttb; 
they  detonate  when  heated.  The  amnumium-wit,  OII-(NH*)CJ(N0*)-0.  cryataUuctb 
abining  yellow  needles,  green  by  refl(.>cted  light,  and  begins  to  aoblime  at  100'.  7b* 
jMiastium'tta/C  formi*  shining  orange-yellow  needles.  The  bariu9H-*ait,  olitaioed  bf 
aaturating  the  aqueous  acid  with  carbonate  of  barium,  cryrtAllisofl  in  delicate  yeOoT 
needles,  which  tnm  red  in  rarefied  air  over  oil  of  vitriol,  and  then  eootlili 
C»»H*Ba"Cl*(NO')*0*.H'0  :  the  rod  crystals  recover  their  yellow  colour  on  ecxpMDvUJ 
the  air,  and  the  salt  becomes  anhydroua  at  110°.  The  tiivcr-^alt  sepamtea  od  ad£v 
nitrate  of  silver  to  a  concentrated  solution  of  the  ammonium-aalt ;  when  recrfvtallisrt 
it  forms  crimson  lamiov  with  green  irideeeence,  which  appear  and«7  the  miczoaeope  u 
oblique  rhombic  prisms.  With  copper  the  add  appears  to  form  scTeral  aalta  :  aaolatiaB 
of  recently- prepared  cupric  oxide  in  the  aqtieona  acid,  yielda  on  ervpormtion  jflbv 
nenllea  eawily  soluble  in  wuter. 

Trialtrophenle  or  Vierto  aeld.  OH'N'O'  =  C«UXXO«)K).  Trmitf^ett' 
In/tic  (ictd,  CaHnuotic  acid.  Hitropirric  acid.  Artiji'\af  Indign-^ktt^r,  KvhUnstifkal^' 
jtiiurf.  Jauntavurdr  Writer. — This  acid  waa  obaerveil  by  Huusmann  in  1788,aad 
afterwards  eocamined,  with  regard  to  its  composition,  chii'fly  by  Li^big  (Poeg.  Aan. 
xiii.  191  ;  xiv.  466 ;  Ann.  Cb.  Pharm.  ix.  80 ;  xxxix.  350),  Dumaa  (Ann.  C^F^ 
liii.  178  [31  ii  228X  ttnd  Laurent  {ifnd.  [3]  iii.  221). 

It  ia  proaueed :  1.  By  the  action  of  heated  nitric  acid  on  phentc,  tribromopheiue,  aad 
dioitrophenic  acid,  alao  on  snligenin,  sulicylous  acid,  Nulioin,  salicylic  add,  sitro«Klicyl>e 
acid,  phloririn,  extract  of  willow-baric,  indigo,  couraarin,  aloea,  bc^nzoin,  the  reaia  of 
A'autMorrhtta  kastiha,  resin  of  Peru  balsam,  and  fiilk. — 2.  By  boiling  trinitraniaiid  wit^ 
potnsh-ley.     (Cahours.) 

Prrparatitm. — 1,  From  PknwK — The  bmwn  re»iuoua  mafl»es precipitat4-d  dorxngtb* 
preparation  of  dinitrophenic  acid  (p.  397).  ara  united  with  the  masa  obtaioea  br 
pre^'ipiiHting  with  nitric  acid  the  mother-liquors  of  dinitrophenat^*  of  ammoniom  oV- 
tiiine^l  in  the  same  prDoeas  ;  (he  unitwl  majta  is  h'cated  to  the  boiling  point  in  a  baaiB 
with  eommercifli  nitric  acid  ;  the  acid  liquid  decnnlfnl  aiter  cooling :  the  residae  watbel 
with  A  Hn\&\\  quantity  of  cold  wutcr,  and  builod  with  very  dilute  nmmonia;  the  filtntr 
n'peattHlly  evtiporat^Md  to  the  cryatalh>ing  point  ;  the  resulting  picr&ta  of  aumottina 
jm rifled  by  cryNtallination  from  ^>oilin|B  nlrobul ,  and  the  l^eautiful  neediest  of  tbia  salt 
treated  with  nitric  acid  to  sepamie  the  picric  ucid,  the  quantity  of  which,  thna  obtaiaad. 

*  The  rroihrr.liqunr  retaini  In  toliitinri  th«  amnionluin-Mlt  of  «nolhrr  acid  Tormed  durlav  the  Sbsit 
rcacit'>n.  nndirmUtK)  while"  Bttll  hat  wiili  bjrdrnclhlar'c  iclU.  deUMtti  tbu  acid  *•  a  vtield  oil,  vlMrH 
uhimntetr  wlidVflei.  It  mrti*  rully,  aod  ii  confertcni  bir  tulplilde  of  ammnntam  into  an  iiBtiH-i>l 
MiiTodichlDrophrnic  uid  (p.  S'jTj  doc*  do<  appear  to  t>e  fonnrd  in  tbli  rcjctlon. 
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TRINITROPHENIC  OR  PICRIC  ACID. 

-  niMterMthe  qaantity  of  diiiitrophfnic  aeid  was  leM.  Thr  impure  diniuophraie 
■nd  may  also  be  cooTertod  into  piorio  ucid  hy  boiling  it  with  nitric  acid,  und  roerya- 
biUinng  &om  alcohol  tbo  portion  which  •eparates  oat  (Laurent).  Picric  acid  may, 
boweTer,  be  mor«  adrantageouly  prepAnd  from  pure  cr}*i'tallJ6i«d  phenol,  vhich  ia 
DOW  manufactnr«d  in  largo  qnantitiM  from  oo&l-tar ;  thiti  in  in  fuct  tb(»  mode  of  pre- 
paration DOW  most  genemlly  adopted.  100  pta.  of  crystjilltKed  phenol,  treated  with 
nitric  acid,  yield,  according  to  Ferra  (Dtogl.  poL  J.  clxr.  386),  hota  90  to  100  pta.  of 
picric  acid. 

2.  From  Saliein, — ^This  subHtonce,  treated  with  nttrie  acid,  yields  remarkablj  pore 
picric  acid;  pMhri^n  yiulds  much  leas  picric  than  phloretic  acid.     (Marchand.) 

8.  From  Inditjo. — 12  to  13  pta.  of  nitric  acid  of  specific  gravity  143  are  heat^ 
nearly  to  the  boiling  point  in  a  capacious  glarn  floak :  1  pt.  of  the  best  East  Indian 
indigo  iu  coarse  potrder,  xa  addad  in  KmoU  portiona,  each  addition  being  made  aa  aooa 
•a  the  laat  portion  boa  diaappearedi  the  red-brown  liquid  ia  coucenlmtcd  by  boiling 
till  it  becomes  thickiah  and  lighter  in  ooloor;  3  pta.  more  nitric  acid  are  added  in  case 
the  liquid  still  girea  off  oitrona  acid,  and  the  boiling  ia  repeated:  tho  mother-liquor 
js  decanted  from  the  hard,  yellow,  translucent  cryetala  which  form  on  cooling;  theao 
-crystals  are  washed  with  cold  water  and  dissolved  in  a  autlicient  quantity  of  boiling 
water;  the  oily  drops  of  artificial  tannin  which  then  rise  to  the  sorface  are  remored 
with  filtoring  pup»r;  the  solution  ia  filtered  and  left  to  cool ;  the  yellow  shining  laminae 
of  picric  acid  which  separate  are  reraoTed  from  the  mother-Hqnor,  again  diMolved  in 
boiling  water,  and  neutralised  with  carlmnate  of  polawium;  the  potaasiaro-salt 
wfateh  seponitee  on  cnoling  is  punBed  by  ropeuted  crystalliRution,  then  disaolred  in 
boiling  water;  and  th&  liquid  is  mixed  with  aulphuric,  hydrochloric,  or  nitric  acid, 
whereupon  the  picric  acid  crystalUBet  out  on  cooling.  An  additional  quantity  of  the 
potassium- salt,  requiring,  however,  farther  purification,  may  be  obtained  from  the  first 
mother- liquor  by  precipitating  there&om  a  large  quantity  of  brown  matter  by  addition 
of  water,  then  duaolving  it  in  boiling  wati^r,  neutralising  witli  carbonute  of  polaasinm, 
and  cooling.  Fonr  parts  of  indigo  should  yield  1  pt.  of  picric  acid.  Sometimes  tfaa 
solution  of  indigo  in  nitric  acid  does  not  yield  any  crystals ;  it  must  then  be  evaporated 
down,  mixed  with  water,  and  the  acid  separated  from  the  brown  precipitate  aa  above. 
The  lit^uid  above  the  precipitate  likewise  yields  picric  acid,  when  evi^wrsted,  boiled 
with  nitric  arid,  neutralised  with  potjish,  &c,  (Liebig).  Altogether,  however,  tha 
pn*paration  of  picric  acid  from  indigo  ia  not  to  be  recommended. 

4.  From  thr  yeltovj  rtsin  of  Xantkorrhaa  hasCilis. — The  resin  is  dissolved  in  the 
requisite  quantity  of  strong  nitric  acid,  whereupon  red  vaponra  are  evolved,  with  violent 
frothing,  and  a  dark-red  solution  is  formed  which  becomes  deep  yellow  after  boiling. 
This  solution  ia  evaporated  over  the  water-bath  ;  the  remaining yrljow  crystalline  maaa, 
which,  together  with  picric  acid,  contains  small  quantities  of  oxalic  and  nitrobenxoie 
acids,  is  neutralised  with  pota-«ih  ;  and  the  picrate  of  potassium  ia  purified  l^y  two  ervstal- 
lisatiorifi,  and  then  tri>at<*d  with  hydrochloric  scid,  which  sepanites  tho  picric  acid,  to 
be  further  purified  by  two  cr^fitaUisutions,  and  amounting  to  60  per  cent  of  the  resin 
used  (Stenhoase).  This  is  one  of  the  best  modes  of  prepantion  (see  Carey  Lea, 
Sill.  Am.  J.  [2]  xxvi.  279  ;  Juhretb.  1868.  p.  414). 

6.  From  Btnroin. — 1  pt.  of  benzoin  (from  whicii  the  benzoic  acid  may  bo  previonaly 
extracted  by  alkalis)  is  gently  heated  with  8  pts.  of  commercial  nitric  acid;  the 
mixture  distilled,  with  four  time**  reppated  cnhohation,  after  th«  effervescence  hiia 
eeast*d  ;  and  the  liquid,  after  d^'Ciintation  from  the  resin,  mixed  with  fonr  tiroes  its  bulk 
of  wat«r,  filtered  frum  the  precipitated  yellow  powder,  and  ueutralitted  while  hot  with 
carbonate  of  potsAsinm :  it  tben  yields  crystaia  of  picimte  of  potassium  on  cooling, 
(R  Kopp,  Ann.  Chira.  Phys,  [3]  liii.  233.) 

6.  From  Silk. — 1.  When  1  pt.  of  silk  is  distilled,  with  frequent  cohobation,  with 
t  pta.  of  nitric  add,  a  solution  is  obtained  which,  by  evaporation  and  cooling,  yields 
crystals  of  picric  and  oxalic  adds  (Welter). — 2.  Liebig  uses  12  pts.  of  nitric  add  : 
neutraliKea  the  residue  in  the  retort  with  carbonate  of  potaMium  ;  purifies  the  c^ttala 
of  potiiseic  picrate  by  recrystallii^tion ;  and  predpitates  the  add  from  their  solution  by 
nitric  acid.  The  product  from  silk  is  however  much  smaller  than  that  which  ia 
obliiined  from  indigo. 

7.  From  Alws. — 1  pL  of  aloes  is  heated  with  8  pts.  of  Btrong  nitric  acid  till  violent 
action  takes  place ;  the  fire  is  then  removed  ;  the  mixture,  after  the  gas-evolution  has 
ceased,  is  introduced  into  a  retort :  the  greater  part  of  the  acid  liquid  poured  off;  the 
residue  distilled  with  3  or  4  ptA.  of  frrf>h  nitric  add,  which  still  causes  a  slow  evolution 
of  nitric  oxide,  till  the  greater  part  of  the  nitric  add  is  decomposed  or  volatilised;  the 
residue  diluted  with  water,  which  separates  the  ehryaamnuc  and  aloetio  adds  still  re- 
maiuiug  undecomposed ;  and  the  yellow  filtrate  after  being  evaporated,  to  remove  tha 
^eater  part  of  the  nitric  add,  ia  ueutraliaed  with  milk  of  lime:  pure  picric  acid  may 
ihen  be  predpitated  from  Ihu  filtrate  bv  nitric  acid. 
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8.  FSrom  THnrffrowuo/.— Trinitmniaol  U  boiled  ftjr  a  few  minate*  with  boImiUi 

■tiong potuh ;  wtit4T  u  mdded  till  all  the  resultiDg  potABnum  salt  u  dianhvd;  tW i^ 
allow^  to  ci^slalUu  hy  oooUng ;  and  the  acid  iu<>parat«d  thprefrom  hr  boiling  d3a» 
nitric  a^rid :  it  then  separatea  on  oooUag  in  jellow  ahininf^  noedles,  ABainaT  1]e|)csl>l 
br  vasluRff  with  (sold  water,  and  cryBUUiaaiioD  from  boiling  water.*  (Cahoar^  A« 
Ch.Phyi.[3]xxT.  26.) 

Purtjicatitm. — The  conT«nion  of  erode  picric  acid  into  m  pot—wnTn-aah  aflbrdia  ^ 
convenit'Dt  mode  of  purifienliun  nn  the  small  scale,  aa  the  aalt  ia  bat  veij  ttiAh 
Boluble  in  cold,  though  readily  ("oluble  in  boihnty  water.  But  in  ow^ratiog  ona  uQi 
Frale,  tho  filtration  of  this  salt  preaenla  great  diffictiltiea.  aa  the  liquida,  even  wfaa  W> 
ing  and  contained  in  heat^Ml  fuDDela,  hare  a  great  tendency  to  crystjUJise  on  th*  tSSaa, 
wliich  thej  then  rapidly  choke.  Sereml  inanaiactarers  therefore  prefer  ooDrertii|Ai 
crude  add  into  a  sodium-Milt,  by  aatorating  the  boiling  aolulion  with  aodJe  rgtwwu. 
Inking  care  to  avoid  an  excew,  aa  that  would  difisolve  the  yellow  resi&oDa  maOervA 
whirh  the  ncid  in  coiiUminut<>d.  Tho  bolliog  lit^uors  arefllt«red  to  separata  thii  n^ 
and  the  filtrate  in  mixed  with  a  further  quantity  of  aodie  earbonatau  This  mmmiitt 
balk  of  the  eodic  picrate  to  ervstalli«e  out,  ai  the  aalt  m  ne&rly  inaolnble  in  ■pltbm 
cootjiining  an  excesa  of  alkaline  carbonate.  The  anuU!  qnHUtitj  of  picric  addtfiD 
retDaioing  in  the  tnother-liqnors  may  be  precipitated  by  adding  a  bot«aaium-«alt 

The  crystallised  picrate  of  aodium  thna  obtained  ia  then  diaeiolTed,  and  iti  ' 
solution  ia  deoompoBed  by  an  exceu  of  sulphuric  aeid.     The  picric  acid  thoa 
being  neariy  insoluble  in  the  mother-Hqoon  containing  the  acid  sulphate  <tf 
errstalligea  out  almost  entirely  on  cooling;  and  after  druining,  waahing  with  abttb 
cold  water,  and  pressing,  is  almost  ebemiciiily  pure.     (Hof/nanH's  Jirpcrt^  p.  1SS.1 

Properties. — Picric  acid  cyatalUses  in  light  yellow,  strongly  ahiniog  lamixa 
(Liebig),  in  yellowish  octahedrons,  often  very  much  tnmcuted  on  two  d  tks 
snmmitfi  (Welter) ;  yellowish- whits  needles  andgranules  (Chevreal).     ThaoyM^ 

rloDB'  to  the  trimclnc  systeni.  Angle  »P  :  aoP  •  115°  80'  ;  P  :  P  —  IH'. 
:  a>rao  >sl26^  (Laurent).  The  acid  melta  when  slowly  hestrd,  forming  a  brevnist 
yellow  oil.  which  solidifies  in  a  crystalline  mass  on  cooling.  When  alighUy  beabda 
contact  with  tho  air.  it  ToUtili«es  undecomposed  ;  at  a  higher  tempeimfurev  it  boikasd 
givii)  ofTu  thiok,  yellow,  sufTrK-ating.  irritiiling,  and  intensely  bitt«r  Tsponr,  and  cab* 
limeit  in  small  yciluwiith- white  uet.'iUe<i  and  scales,  or  passes  orer  aa«  brown  ^jvi 
which  crvfltjiUisefi  on  (Kioling.  It  tastes  very  bitter  and  somewhat  hiirab  and  aonr.  sad 
reddens  litmus.  The  impure  acid  from  indigo  in  dosea  of  1  lo  10  graina,  kilia  zabbia 
end  dogs,  with  delirium  and  convulsions. 

Picnc  acid  dissolves  in  160  pts.  of  wattr  at  6*^,  in  86  pta.  at  15°,  in  81  pta  alSQ^, 
in  77  pts.  At  22-a^  in  73  pts.  at  26*^,  and  in  26  pta.  at  77''  (Mnrehand).  Tbeisia. 
tion  has  a  dei^per  colour  thttn  the  solid  acid,  and  imparts  a  strong  yellow  stain  ts  tki 
fltin  and  other  animal  tissues. 

Water  containing  only  yA^  of  picric  acid  is  distinctly  yellow;  witli  ^j^g^  of  tfatadi 
the  colour  is  still  perccptiblo  in  a  stratum  an  inch  deep,  and  in  larger  masara  to  a  tlfll 
greater  degree  of  ailution.     f  Carey  Lea.) 

Picric  acid  is  likewise  easily  mlnbte  in  alcohol  and  in  etJk^.  It  dissolTes  in  vini 
concentrated  sulphuric  acid,  and  is  precipitated  tbere&om  by  water  anch^ngod, 

cording  to  Lea,  in  square  biminse  belouglng  to  the  trimetric  system.     A  co^  at „_ 

solution  of  picric  acid  mixed  with  2  to  4  vol.  of  dilute  sulphuric  acid  (1  toL  oil  of 
vitriol  to  1  vol  water)  remains  nearly  or  qnite  rolourlesn,  without  separation  ot  now 
acid :  with  j  or  }  voL  sulphuric  acid,  nearly  all  tho  picric  acid  is  precipitated  (Csrrt 
Lea).     Strong  nitric  acid  dissolves  picric  add  in  large  qnantity. 

Deeompontioni, — 1.  The  acid  when  strongly  hraied^  gives  off*  acrid  and  very  btMic 
Tapoors,  which  condense  sa  a  Bublimate  on  cola  bodies;  when  quickly  heated  in  a  itlflR, 
it  decomposes  with  explosion,  giving  off  nitrogen,  nitric  oxide,  water,  carbonie  hy- 
dride, hydrocyanic  acid,  and  a  combustible  gus,  and  leaving  a  carbooaceona  ms'ililL 
S.  By  chlorine  paa,  aqueous  chloride  of  lime,  or  a  mixture  of  hydrock/orie  and  W 
chlorate  of  potoBsium^  it  is  resolved  into  chloropicrin  and  percfaloroqaJnoBt 
(chloranil) ;  alwjby  hot  nitromuriaHe  odd ;  by  Ar(??wneand  water,  into  bromoptcrio 
and  perbroraoquinone.  It  is  also  converted  into  hromopicrin  by  distillstias 
with  hypohromiU  of  barium  (Stenhouse,  Phil.  Mag.  [4]  viii.  363). — 3.  When  geodr 
heated  with  a  mixture  nf  percxidt  of  matifranrAr  and  sulphuric  acid  it  gives  of  lu&oa 
vapours. — 4.  Boiled  with  a  strong  solution  of  caustic  potanh,  it  gives  off  a  largvqnaotitT 
of  ammonia,  and  forms  a  brown  solution  from  which  alcohol  extracts  a  yellow  Mil 
crystallising  in  needles.  Picric  acid  ia  likewise  altered  by  prolonged  ebnllitka  wiU 
baryta'Water. 

•  Th»  acldt  obtained  by  thw  ■!><*  the  preewdJnK  fimemi  w«r«  at  flrtt  rrfrardMl  u  (MHnrHc,  bntart 
ld«nH4<al,  with  pkrir  Arid,  the  ariil  from  aJoM  bring  cmUrni  rk^ytnlrpie  meid  (ttchtmck)    aosill  hai  t»« 
irDiltrAnitf^I.  ptcranitic  acid  {  C  ah(iu  n) ;  but  l^trr  eiperlmenti  hav*  ihowit  thxt  hotn  *cK 
fdiTTiCJcaJ  «Ub  picne  sctd,  Lke  dUrerencc  (orvMT^j  obtrivva  haTioi  bwn  due  to  ImpunUM. 
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6.  When  picric  add  ii  digested  with  a  solution  of  ferrotu  tulphate  and  an  flzosH  of 
caustie  batxta  or  lime,  a  red-brown  mass  is  formed  oontaining  picramic  acid 
(Wohler's  nitroheematic  acid) : 

C»H»(NO«)»0     +     6FeO     -f     HH>      -      C«H»X{NO»)«0     +     3Fe«0*. 
Picric  acid.  Plcrunlc  acid. 

Picric  acid  is  also  reduced  to  piciamie  acid  by  ferroui  chloride  and  acetate;  cuprous 
ckhruU,  nascent  hydrogen,  and  by  the  sulphides  of  ammonium  and  of  the  Jiied  alkali- 
metals  ;  moat  readilj  by  passing  sulpbydric  add  gas  throogh  a  saturated  alcoholic  solu- 
tion of  picric  acid  neutralised  wiUi  ammonia.  (Oirar(^  Ann.  Ch.  Pharm.  Ixxxviii. 
S81.) 

4.  Picric  and  treated  with  tin  and  ht/droehhrie  acid  is  converted  into  a  crystallin* 
double  salt  of  stannous  chloride  and  hy^rochlorate  of  picramine^  0±l"N*  (Boussin, 
BoIL  Soc  Chim  1861,  p.  60;— Beilstein,  Ann.  Ch.  Pharm.  cxzx.  24i): 

C*HXNO')«0   +  Sn»  +   23HC1    -     C«H»N».8HC!LSna«  +  9SnCl«  +  7HK). 
The  same  base  is  obtained  as  a  h^driodate  by  the  action  of  iodids  of  phosphorus  on  • 
■atorated  aqueous  solution  of  picnc  acid  (Lautemann,  Ann.  Gh.  Pharm.  czxt.  1): 
C«HXNO»)«0  +   23HI     -     (?H"N».3HI   +  I"  +  7H»0. 

5.  Picric  acid  treat«d  with  cyanide  of  potassium  in  the  state  of  hot  concentrated 
aqueous  solution  assumes  a  dee^  blood-red  colour  and  is  converted  into  isopurpurio 
•eid  (Hlasiwets;  Beilstetn,  iii.  438): 

C-H"(NO«)»0   +   3CNH  +   H«0     -     (?H»N»0*  +   C0«  +  NH» 
Aeeording  to  Carey  Lea  (Jahreeb.  1868,  p.  416)  picric  add  is  converted  into  picramic 
acid  by  tne  action  of  cyanide  of  potassium ;   but  this  statement  is  contradicted  by 
Hlasiwets  and  Beilstein  (Jahresb.  1869,  p.  468). 

6.  Pentaehioride  of  phosphorus  acts  violently  on  picric  add,  forming  chloride  ot 
tvinitrophenyl  or  chloropicryl  (Pisani,  Compt.  rend,  titix.  863): 

ORXVO'yO  +  PCI"    =     C«H\NO«)H)l  +  PCIK)  +   HCL 

7.  CSUorJ(2eo/6fnx^c^/ heated  with  picric  add  converts  it  into  benzoate  of  tri* 
mitrophenyl  or  trinitrobensopnenide  (i.  664). 

8.  A  mixture  of  oZcoAo/,  sulphttric  acid  and  picric  acid  appears  to  yield  pi  crate  of 
cthyL    (Mitscherlich.) 

Detrition  of  Picric  Acid, — As  reagents  for  the  detection  of  picric  add,  Carey  Lea 
Tveommends  an  ammoniacal  solution  of  cupric  sulphate,  a  solation  of  sulphide  of  potas- 
ainm  mixed  with  excess  of  alkali,  and  of  cyanide  of  potassium  with  ammonia.  The 
first  produces  a  greenish  precipitate,  the  other  two  when  heated  with  the  aqueous  add 
beeome  red,  or  in  case  of  vei^  gre&t  dilution,  yellow. 

Uses  of  Picric  add. — ^Picnc  acid  is  used  for  dyeing  silk  and  wool,  espedall^  the  for- 
BSr,  of  a  yellow  colour.  Its  colouring  power  is  very  considerable,  and  it  exhibits  a  great 
aflmty  for  acotised  substances.  The  colour  resists  the  action  of  light  very  well,  bat 
ii  Mouwhat  affected  bv  washing,  especially  with  soap.  Its  stability  is  increased  by 
Bovdantiiiff  the  silk  and  wool  with  alum. 

OottOD,  hemp  and  flax  do  not  exhibit  any  affinity  for  picric  add ;  this  add  may  there- 
» be  tanplajei  for  distinguishing  silk  and  wool  from  cotton  and  flax.  For  this  pur- 
•  the  tissue  is  immersed  in  a  hot  solution  of  picric  add  and  then  washed  with  water ; 

i  threads  of  silk  and  wool  then  assume  a  deep  yellow  colour,  while  those  of  cotton 
and  flax  remain  perfectly  colourless. 

The  iacmurpurate  of  potassium  produced  by  the  action  of  t^anide  of  potassium  on 
{dcrie  tJcAa  yields,  when  treated  witn  sal-ammoniac,  an  ammonium-salt  possessing  the 
external  chancters  of  murexide  (purpurate  of  ammonium,  q.  v,\  and  acting  asuctly 
like  that  compound  when  applied  to  dyeing. 

The  coloured  compounds  produced  by  the  action  of  ferrous  and  stannous  salts  on 
picric  add  have  not  yet  been  applied  to  any  practical  purpose. 

F1CIU.TU. — Picric  add  is  monobasic.  The  metallic  picrates  are  mostly  ctystallisable, 
bitto',  and  of  yellow  colour.  They  explode  when  strongly  heated,  espedally  in  dose 
TCBiela.  By  predpitatiog  solutions  of  heavy  metallic  salts  with  alkaline  picratee, 
Carey  Lea  (Sill.  Am.  J.  [2]  xxxi.  78)  has  obtained  compounds  of  metaUie  picrates 
with  ammonia.  The  silver-salt  contains  2NH'.CH'Ag(N0*)H) ;  the  copper  and  cobalt 
compounds  are  represented  by  the  formula  4NH>.C>*H*M''cN0^)H)^  the  zinc  and 
cadmium  compounds  by  the  formuU  3NH>.C>'H«M''(K0')K)* 

Piermts  of  Aluminium  separates  after  some  days  from  a  mixture  of  the  hot  solu- 
tions of  chloride  d  aluminium  and  picrate  of  ammonium,  in  stellate  groups  of  crystals 
whidi  are  permanent  in  the  air.    (Carey  Lea,  SilL  Am.  J.  [2]  xxvi.  279.) 

PUratt  of  Ammonium,  CH\NH*XNO*)«0,  crystallisw  in  yellow  four-,  six- 
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And  eight-sided  prisnui. 'belonging  to  the  tzimetrio  sjatem,  and  exhibiting  tliAeoBKnt. 
tion  odP  .  oDpoe  .  ooPoo  .  P.  Angle  a>P  :  c»F  -  111®  :  odP  :  obP  «o  .  ltf»; 
P  :  P  (terminal)  »  136° ;  P  :  P  (baul)  >-  llfi°  (Laurent,  Bev.  Scieot.  is.  38).  & 
is  moderately  soluble  in  water,  sparingly  in  aleohoL 

Pierate  of  Barium,  C*^*Ba''(KO*)K)VfiHK),  ayatallises  in  monodime  poai 
of  deep  yellow  colour  (yellow  with  red  terminal  fiieea,  acoording  to  liMX  ^'■7  (^^a^ 
in  water,  fusible  and  explosive^  The  crystals  contain  11'16  per  cent,  watm  <d  ajnl- 
lisation,  the  greater  part  of  which  is  giren  aS  at  100° 

Pierate  of  Cadmium  separatee ftxHn the  solution  oftha  earboswtaxa  licAaqsns 
picric  acid,  in  large  rhombic  pnsms,  iaomorphous  with  the  ferrons  and  fnangaiwis  nh 
(infra),  very  soluble  and  efflorescent ;  the  aqueous  solution  iHien  boiled  for  loas  tiai 
deposits  a  brown  powder.    (Lea.) 

Pierate  of  Caleium  forms  prisms  more  soluble  than  the  bariam-  and  Kratiifr 
salts. 

Picratet  of  Chromium.  CAromous  acetate  diasolresin  aqneoiu  picric  acid,  lbm> 
ing  a  brown  liquid  which  dries  up  to  an  amorphous  mass.  Baaie  cJkrowiie  evfaonti 
dtssolTes  in  aqueous  picric  acid  forming  a  greenish  solution  which  also  dries  ip  t>a 
amorphous  mass ;  but  by  exactly  precipitating  a  solution  of  Tiolet  ehnimie  sufbn 
with  pierate  of  barium,  and  learing  the  filtrate  to  eraporate,  email  gjreeniah  needle 
shaped  cr3rBtalB  are  obtained.    (Lea.) 

Pierate  of  Cobalt,  C'«H*Co'(NO»)H)».6H»0,  ibrma  dark  brown  needSeevhtehaA 
and  give  off  idl  their  water  of  erystaUisation  (14*4  per  cent.)  between  100^  nd  IW, 
(Bfarchand.) 

Pierate  of  Copper,  C'«H*Cu**(N0«)W.5HK).— When  carbonate  of  eopperiidii. 
solved  in  boiling  aqueous  picric  acid,  the  solution  sTaporated  to  dryness^  and  & 
residue  treated  with  boiling  absolute  alcohol,  neutral  enpric  picnit«  disaolTca  wftdlrk 
basic  salt  remains  behind.  The  neutral  salt  forms  small  green  ahining  nesdH 
efflorescent  and  melting  at  IOC  (Marchand).  On  adding  an  ammoniaeu  scMn 
uf  cupric  sulphate  to  an  alkaline  pierate,  a  copious  greenish-fellow  precipitate  ii 
formed,  which  is  resolved  by  water  into  cupric  oxi<M  and  piczmte  of  ■^"*«'«^ 
(Lea.) 

Pierate  of  Gluei  num  separates  in  golden-yellow  crusts  on  evaporatijqg  a  sclntkB 
of  carbonate  of  glucinnm  in  hot  aqueous  picric  acid.     (Lea.) 

Pierate*  of  Iron, — The  ferroue  salt  forms  grfcnuih-yeUow  crvstal^  iaomoiphov 
with  the  manganous  salt.  The  frric  salt  is  obtained  in  yellowieh-rcd  pcuou  sii 
yellow  needles  by  exactly  precipitating  a  solution  of  pierate  of  barium  with  farie 
sulphate,  and  learing  the  filtrate  io  evbporate.  Aqueooa  ^ric  acid  ijiwnhei  bit  t 
pmall  quantity  of  feme  hydrate,  even  at  Uie  boiling  heat.     (Lea.) 

PicratceofLead.—Thfifuutralealt,  C>*HW(NO*)^,  ia  obtained  intheftn 
of  brown  needles  moderately  soluble  in  water,  during  the  cooling  of  a  boilinft  iU^f 
acidulated  mixture  of  an  alkaline  pierate  and  acetate  of  lead,  (EL  Kop&  Ana.  CL 
Phys.  L3]  xiil  233.) 

Basic  talte. — a.  By  precipitating  a  dilute  and  boiling  eolation  of  nentnl  Trail  if  ffiti 
with  pierate  of  ammonium  containing  a  large  excess  c?  ammonia^  a  deep  jellov  ponder 
is  obtained,  composed  of  rectangular  prisms  and  containing  G>*H^Pb'*(NO')'0'.4FirOL 
— B.  A  mixture  of  pierate  of  ammonium  and  slightly  addulMed  acetate  oiUaA  jialb 
on  addition  of  ammonia,  a  light  yellow  precipitate,  which  when  left  at  rest*  chaaMitt 
a  mass  of  shining  scales,  soft  to  the  touch  like  talc,  and  containing  C'*H»iTiff(Kd*yCI'. 
SPb'O.SHK)  (Marchand). — y.  A  boiling  mixture  of  pierate  of  ammoninm  and  aeeMi 
of  lead  deposits.  Recording  to  Laurent^  small  daric  yelbw  rhomboidal  tmfalea  «imaitU| 
containing  C'*H*Pb''(KO«)«0«.Pb''HK)«. 

Apicro-acetat*  of  had,  C"H*Pb'(N0»)«0«.C«H«Pb''0^4HK)  (HarehaadX  fads- 
posited  in  light  yellow,  vezy  brilliant  rhomboTdal  tablets,  when  a  boxliag  miitnirf 
potassie  pierate  and  an  excess  of  lead-acetate  is  left  to  coed.  This  compound  gim  <f 
acetic  acid  when  dried. 

Pierate  of  Magneeium  forms  long  flattened  needles,  of  yellow  eoloo;  vvj 
soluble  in  water,  nearly  insoluble  in  boiling  alcohol,  and  apparently  eontainiivf  A 
water  ofcrystallisation.    (Marchand.) 

Picra^s  of  Manganese,  C'«H'Mn"(N0»)«0».8HK)  (Marchand).— A  aoiolMa  rf 
manganous  carbonate  in  hot  aqueous  picric  acid  crystallises  by  alow  evapontiaa  ■ 
large  rhombic  cxTstals  exhibiting  the  combination  oof  so  .  odPoo  .  qdP  .  oP,  ttd 
appearing  pale  yellow  in  the  direction  of  the  principal  axis,  reddiah  in  ewiy  «te 
direction  (Iiea>  According  to  Marchand,  the  crystals  quiek^  give  off  8  at  vatarsi 
exposure  to  the  air  and  4  at  mnre  at  130-. 

Pierate$  of  Mereurg.—T\\e  mrreuric  salt  is  deposited  in  small  yellawinm 
terj  sli^tly  tolubla  in  cold  water,  during  the  cooling  of  a  boiling  matn$  flf 
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mfrcurons  nitrate  and  picrate  of  potassium  (Liebig).  The  mercuric  salt  separatM 
from  a  solution  ef  mercuric  oxide  m  aqueoufl  picric  acid,  in  orange-coloured  shining 
needles,  vbicb  e£Qore8ce  and  turn  yellow  on  exposure  to  the  air.     (Lea.) 

Picrate  o/Nickrl,  C"H*Ni"(N0*)*0^8HK),  is  obtained  by  Bpontaneons  evapora- 
tion of  a  solution  of  hydrate  or  carbonate  of  nickel  in  aqueous  picric  acid,  in  green, 
dichroie,  efflore8<%nt  cxystals,  very  soluble  in  alcohol.     ^Marchand.) 

Picrate  of  Potassium,  C*H*K(NO')'0,  isobtainea  by  nentralising  a  hot  aqueous 
■dution  of  picric  acid  vitb  potash,  or,  according  to  Liebig,  in  the  state  of  greatest 
purity  by  digesting  an  aqueous  solution  of  potassic  chloride  with  mercurous  picrate. 
It  crystallises  in  yellow  rhombic  prisma,  usuallr  with  a  metallic  reflex.  Observed 
combination  ooP .  wfoo  .  ?».  Angle  ooP :  ooP  «-  110*^  16'  30*;  foo  :  fco  in  the 
bimchydiagonal  principal  section  =  139^  25'.  Ratio  of  vertical  to  horizontal  axes  ^ 
1 :  270456  :  1*88469  (Laurent,  Rev.  scient.  x.  26).  It  is  but  slightly  soluble  in 
water,  requiring  for  solution  atleast  260  pts.  water  at  15^,  and  14pts.  oif  boiling  water; 
insoluble  in  alcohoL  Hence  picric  acid  forms  a  precipitate  in  solutions  of  potassium- 
salts  if  not  too  dilute,  especially  on  addition  of  alcohoL  When  heated,  it  assumes  an 
orange  colour,  bat  becomes  yellow  again  on  cooling;  when  strongly  heated,  it  decom- 
poaes  with  detonation. 

Picrattof  Silver^  C*H'Ag(NO')K),  forms  fine  yellow  shining  needles  very  soluble 
is  water. 

Picrate  of  Sodium  forms  slender  shining  yellow  needles,  soluble  in  10  to  14  pta. 
of  water  at  16°,  and  detonating  rather  strongly  at  a  high  temperature.  According 
to  Lea,  an  alcoholic  solution  of  picric  acid  forms  a  precipitate  after  a  while,  in  alkaline 
aolotions  of  sodium-salts,  when  not  very  dilute :  hence  picric  acid  cannot  be  depended 
npon  as  a  test  for  distinguishing  between  potassium  and  sodium. 

Picrate  of  Strontium^  C'=H*Sr''(N0«j*0'.6H*0,  forms  hard,  shining,  yellow 
oystals,  moderately  soluble  in  cold  water,  very  slightly  soluble  in  boiling  absoluta 
alcohoL    It  detonates  when  heated. 

Picrate  of  Zinc,  C>»H*Zn"(N0*)*0*7H*0?  forms  beautiful  rhomboidal  prisma, 
efflorescent,  very  soluble  in  water  and  in  alcohoL  It  gives  off  8  per  cent  water  in  dry 
•ir,  at  oidinsry  tempemtures,  and  14  per  cent,  (in  all)  at  140°. 

FicxATU,  AxcoBOLic.  PzcBxc  EraHBfl.— The  Only  known  compound  of  this  class  is 
the  picrate  of  ethyl,  which  is  produced,  according  Mitscherlich,  by  boiling  an  alcoholic 
solution  of  picric  acid  containmg  a  little  s<dphunc  acid  for  several  hours,  then  adding 
ainmonia  and  water.  The  product  crystallises  in  scales  having  a  faint  yellow  colour, 
melts  at  94°,  and  begins  to  boil  and  decompose  at  300°.  It  is  inodorous,  but  has  a 
biting  and  bitter  taste.  It  is  sparingly  soluble  in  cold,  more  soluble  in  hot  alcohol 
(Uitscherlich,  J.  pr.  Chem.  xxii.  195).  Erdmann  (Und.  xxxTii.413)  waa  not  able 
to  prepare  picric  ether  by  the  process  just  described. 

Ptcaa-RS  OF  OnoAiac  Basbs.    (See  the  several  Bjlsbs.) 

PiCRATEs  OF  Htdbocarboxs. — Crystalline  compounds  of  picric  add  with  benzene, 
naphthalene,  and  other  hydrocarbons,  have  been  obtained  by  Fritzsche  (J.  pr.  Chem. 
IzxiiL  212 ;  Jahresb.  1857,  p.  456). — A  hot  saturated  solution  of  picric  acid  in  benzene 
yielda  shining  light  yellow  rhombic  crystals  of  the  compound  C*H'.C'H*(NO')*0,  which 
nmains  transparent  in  an  atmoHphere  of  benzene,  but  when  exposed  to  the  air  im- 
mediately begins  to  give  off  benzene,  and  is  ultimately  reduced  to  a  brittle  mass  of 
crystals  of  picric  acid.  The  compound  melts  between  85^  and  90°  to  a  light  yellow 
liquid.  It  dissolves  without  decomposition  in  alcohol  and  ether,  but  cannot  be  crystal- 
lised therefrom.  Wutor  abstracts  picric  acid  from  it,  the  whole  of  the  benzene  then 
Tolatilising  at  the  boiling  heut. 

Pieraie  of  JUapkthalene,  C'*H'.C^N0*)*0,  separatee  from  a  hot  alcoholic  solution 
<tf  the  two  substances  in  gold-yellow  needles,  which  after  being  rinsed  with  a  little 
alcohol,  may  be  dried  in  the  air  between  papor.  Cold  alcohol  or  benzene  may  also  be 
used  as  the  solvent  The  compound  melts  at  149°,  dissolves  without  decomposition  in 
alcohol,  ether,  and  benzene,  and  is  but  slowly  decomposed  by  boiling  water. 

Pieraie  of  Anthracene,  C"H»C?^'(NO«)»0,  has  been  already  described  (p.  361). 

The  formation  of  these  compounds  may  serve  for  the  separation  of  hvdrocarbons  one 
fiom  the  other.  Fritzsche  found  that  coal-tar  oi}  boihne  at  150°,  and  free  from 
add  and  alkaline  products,  gave  with  picric  acid  an  immediate  and  abundant  pre- 
cipitate of  yellow  needle-shaped  crystals  oontsining  only  one  hydrocarbon,  viz.  naph- 
thalene, on  further  addition  of  picric  acid,  a  crystafiised  compound  of  that  acid  with  a 
hydrocarbon  heavier  than  water  was  formed ;  and  the  mother-liquor,  when  cooled  to  a 
very  low  temperature,  deposited  monoclinic  crystals,  which  when  decomposed  by  am* 
nonia  and  distilled,  yielded  a  hydrocarbon  of  variable  boiling  point,  but  related  to 
eumene  in  composition  and  properties.  Other  trinitzo-scids  unit*  with  bydrocazbuns 
in  a  similar  manner. 
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Compounds  prodwxd  by  the  actum  of  Seducing  Agenta  on  fiW  Jfilref^mk  Aait. 
1,  J?v  Sidphidf  of  Ammonium- 
VltTOpbenamlo,     Slaltrodipbeiuunio     or     Ajnidonitroph^ote 

(C^HTfw, 
C'«H'«N'0*=(NO")«  [^  -C"H\NH»)»(NO»)K)«.(L»ur*ntaDdGerb»rdV0t^ 

chim.  1849.  p.  468.) — Formed  b;  the  sction  of  nilpHide  of  amniOQiniii  on  Hiiiitii^jiMt 
acid.  When  dinitrophenate  of  amnioniuin  is  gently  be&t^  with  sulphide  of  amftoti^ 
ft  brisk  reaction  takrs  plorr  &f>f>r  a  fow  minatf^,  and  the  resujting  Dearly  bUfktaB 
deposits  CD  cooling  larg^  bUck-browxj  needles,  which  may  be  frc«l  from  exoMBc/a. 

C'e  of  ammonium  bj  boiling  with  ucetic  acid,  and  punfied  bjr  two  or  three  ttjH^ 
iona  from  water. 

Nitrophenamic  acid  thus  obtained  fonna  black-brown  necdllee  which  yield  a  jritm 
powder.  Th^y  are  hexagonal  priflnia  with  four  angles  of  131**  30'  and  t»o  d 
97".  They  contain  10  per  cent,  or  4  at.  water  (C'*H"N*0.4HK)),  which  Uvymtf 
between  100°  and  110°.  The  iteid  i«  very  aligfatly  noluble  in  cold  water,  modmirij 
Boluble  in  alcohol  and  ether.  When  heated  it  first  eirea  uff  its  water  of  crystaUbitfc^ 
then  melta,  throws  off  a  few  colourless  scales  and  a  brown  oil,  and  leavee  aa  alnnte 
zesidae  of  charcoal  which  takes  Are  when  strongly  heated. 

NitrophenamaCe  of  amTTionium  does  not  app(>ar  to  hare  been  obtained  in  the  aifd 
state.  The  acid  diseolres  in  ammonia,  forming  a  deep  red  solution  which  gircs  cffifl 
its  ammonia  during  concentration.  The  potassium-salt^  C"H"KX*0*,  fonna  soiS 
erystalline  nodules  rorj  soluble  in  water  and  in  alcoboL  The  barttcm'*ait  farm  inr> 
ingly  soluble  brown  noedlefl,  obtained  by  adding  acetate  of  barium  to  an  smmonmri 
solution  of  the  acid.  The  edcium-aalt  obtained  in  like  manner  separates  alter  a  vUi 
in  small  needles.  The  amptrsalt  is  a  yellow-green  precipitate  ;  the  Imd  »lt  a 
orange-brown  precipitate.  The  niver'Sait,  C"H"AgN*0*,  is  a  dar^  brown-ycJIow  jtfr 
dpitate  which  separates  in  flcal«s  from  hot  aolutiona. 

Btbyl-nitropbenldlne     or      WltropheDettdlae,     (yn*(C*H*yT^W)(SC 
(Caboura,  Ann.  Ch.  I'hys.   [:i]  zxrii.  idH.) — A  base  prodnced  bypassing 
dric  acid  and  ammonia  gases  simultaneously  through  a  solntion  of  ethyl ie  dun 
nate  (p.  399).     It  crystalliflea  in  brown  needles  resembling  methyl-nitropbeaidiD»fl 
nitrtvnisidine  (i.  304).      It  acts  un  chloride  of  bensoyl  when  heat«d  with  it,  forma^ 
a  product  which  cryatalli«efl  from  alcohol  in  small  needles.     It  fonus    crystaUiMUt 
salts  with  hydrochbric,  nilric  and  sulphuric  acids. 

Merajml«,  Binltropbenamle,  or  Amldo-dlnitropbenlo  Add,  C*H*y*0  « 

(N0»)*  Ig  -  C-H»(NH')(N070  (Oirard,  Compt.   rend,  xxivi   421.— Wohlei; 

Pogg.  Ann.  xiiL  488.~E.  Pugh.  Ann.  Ch.  Pharm.  xcvi.  83.) — ^Prodnoed  by  the  actiss 
of  sulphide  of  ammonium  or  of  ferrous  salts  on  picric  acid. — 1.  When  aalphydrie  ps 
is  paned  in  excess  through  a  saturated  alcoholic  solntion  of  picric  acid  neotnlord 
with  ammonia,  the  liquid  acquires  a  dtep  red  colour  and  deposite  a  maaa  c/f  dcrit  ni 
crystals  of  picmmAte  of  ammoDiam.  an  udditiunul  quiiDtity  of  which  is  obtained  n 
distilling  off  the  alcohol;  and  from  this  suit  the  acid  may  be  sepanil^ad  by  predpitatn 
with  acetic  acid  from  a  hot  solution  (Oirard).— 3.  The  nttrohmmatie  ood  vhid 
Wohler  obtained  by  the  action  of  ferrous  sulphate  on  picric  acid  haa  been  abowa  tuU 
identical  with  picramic  acid  (p.  403). 

Ficramic  acid  separated  fh>m  its  ammoQiaro-salt  by  acetic  acid  forms  beantifal  ml 
needles,  often  ^uped  in  tubular  masses  (Oirard);  from  an  ethereal  s/4iition  it 
cryatallisea  in  distinct  prismatic  cn'stttU  with  very  acute  terminal  faces,  gnrnet-oJcaM 
by  reBected,  yellowiah-red  by  iranBmiitHd  light  (Pugh).  It  has  a  alightly  btii/t 
taste  (Girard);  does  not  tajite  bitter  (Pugh).  Melts  at  166^,  and  soSdifics  in  i 
crystalline  mass  on  cooling  (Girard).  It  is  nearly  insoluble  in  water,  erea  az  tha 
boiling  beat,  but  soluble  in  alcxfhfd  and  tther  (Oirard). 

The  acid  heated  ubo?e  165°  is  decomposed,  with  evolution  of  tarry  ▼spoon  < 
taining  hydrocyanic  acid  and  ammoniu.  and  leaves  a  residue  of  charcoal  (Girard, 
Wohler),  It  bums  vividly  when  thrown  on  red-hot  coals  (Oirard).  It  diaaolm 
at  ordinary  temperatures  in  sulphuric  acid,  forming  a  red  solution  from  which,  on  dil- 
ution with  water  and  addition  of  ammonia,  tbe  picramic  acid  separaf  ^s  out  unaherv!: 
similarly  with  hydmchLmc  acid;  but  by  hot  concentrated  sulphuric  acid  it  isdMeiD* 
posed  and  carbonised  (Oirard).  Strong  ni/rio  acid  decomposes  it,  with  abuadast 
evolution  of  nitrous  f^mes,  the  liquid  assuming  a  straw-yellow  ooloor  and  tbepiouBic 
jcid  being  converted  into  picric  acid  (Girard,   Pugh).     According  to  Wdhirr, 
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I  Ditrohieniiitir  «eid  ie  not  rfconretitod  into  picric  acid  hy  th«  actioa  of  nitrte  acid ;  and 
^cordibg  to  Carey  Lea,  this  is  &Uo  the  cmse  with  picrvnic  acid. 

Picmmic  ncid  nnitM  rradilj  with  basrs.  Ita  salto  are  mostljr  CTfataUiQe:  their 
generul  formala  is  C"H*MN"0\  The  Boloriona  of  the  dkaline  picratea  precipitate  the 
aaltfl  of  copper,  mercury  and  ailrer,  bnt  not  thogA  of  manganeae,  iron,  cobalt,  or 
Dickol 

Pirramatr  n/antmonium,  C^'(NH*)N*0',  prepared  aa  above,  aepanitea  fhun  the 
Alcoholic  solution  by  spontaneous  evapomtjoD.  in  dark  oiunge-red  rhombohedral  tables. 
It  doe4  not  decompose  at  100°,  but  at  135°  it  efflurescea  and  ciTne  off*  ammonia;  meltn 
At  165°,  and  decomposea  at  a  higher  t^tnpenitaro.  It  diaaolres  readily  in  water  and 
alcohol,  forming  deep  mi  solutioon,  but  is  insoluble  in  eth^r.  The  aqueous  solution  is 
decomposed  hy  continaal  bniling,  with  wtpamtion  ofa  brown  powder.     (Girard.) 

Picramait  of  Copper^  C'*H"Co"N*0'*  i»  a  yellowish-green,  amorphous  precipitate, 
which  detonates  eligbtly,  is  insoluble  in  water  and  alcohol,  but  soluble  in  acids. 
(Girard.) 

PieramaU  of  Lead  iM  an  orange-«oloured  powder  which  explodes  wht^n  heated,  and 
also  by  ptircussion,  but  without  much  noise,  it  disoolves  la  water,  ununonia  and  acida, 
bnt  is  insoluble  in  alcohol.     (Girard.) 

PicramaU  of  Potassium^  C*H*EN'0'. — ObtAined  bv  derompoeing  the  hotaolu- 
don  of  the  ammoniu-siilt  with  potash.  Separatee  on  cooling  in  red  transparent 
elongated  rhombic  t&)>lf8,  containing  19-9  per  ct>nt.  potash.  It  decomposes  with  slight 
detonation  wh^n  somewhat  strongly  heated,  and  leaves  a  residue  of  charcoal.  Diaaolves 
pretty  easily  in  water,  sparingly  in  alcohol.     (Girard.) 

PicraU  of  Barium,  C'H'Ba'rJ'O'". — On  decomposing  a  hot  solution  of  picramat«  of 
ammonium  with  nitrate  of  barium,  this  salt  separates  in  small  silky  tufts  of  red  and 
golden-yellow  needles.  It  bears  a  heat  of  'iOO°  without  deenmposilion.  but  detonates 
at  a  higher  temperature,  leaving  a  residue  of  charcoal  Dissolves  sparingly  in  water  and 
mlcohol.     Gonuins  2T'9  per  cent,  baryta.     (Gimrd.) 

PicramaU  of  Silver,  OH^AgNH)*,  is  obtained  by  decomposing  the  ammonia-salt  with 
nitrate  of  silrcr,  in  the  form  of  a  brick-red  amorphous  precipitate,  which  do^  not 
blacken  by  exposure  to  lights  but  decomposes,  with  bliokening,  at  al>out  14(P,  leaving 
a  residue  which  melts  at  about  166°.  On  glowing  coals,  it  bums  without  detonation. 
Tt  is  innolubli^  in  cold  water  and  in  alcohol.  Boiling  water  decomposes  it,  leaving  an 
insoluble  residue.     (Girard.) 

SttroolUoroplieiiaiiilo  or  AmldOQltrooliloropbeiilo  Aold,  C*H^N*CIO*  ^ 
(C^*)-\ 

Q  -  C'H»(NH')(W0*)C10.     (Griesa,  Ann.  Cb.  Pharm.  cix.  286.)— When 
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dinitrochJnrophenic  acid  or  its  ammonium-salt  (p.  400)  is  digested  at  a  g«*ntle  heat  with 
bulphide  of  ammonium,  the  litjuid  assumes  u  btood-red  colour  and  depoaits  sulphur; 
and  on  adding  acetic  acid  to  the  concentrated  fliLrate.  nitiochloropbeoamic  add  is  pre- 
cipitated and  may  be  purified  by  crystalli-^ition  from  hot  water.  The  crystala  dried  at 
the  ordinary  temperntupe  coDlain  2i>H*N^Cl'i".H»0,  but  become  anhydrous  at  lOO**, 
Afisumiog  at  the  same  time  a  scarlet  colour.  The  acid  has  a  sweetish  taste  with  bitter 
aftertaste.  When  heated  it  turns  red.  melts  at  about  160°  solidifying  again  at  140^ 
to  a  brown  cryetallina  mass,  and  sublimes  with  partial  decompoiiiiion.  It  dissolves 
but  sparingly  even  in  hot  water;  the  hot  saturated  solution  sohdiflee  on  cooliug  to  a 
network  of  brass-yellow  capillary  needles.  It  dissolves  easily  in  alathol  and  rthrr,  also 
in  sulphuric  and  hydrochloric  acids  at  ordinary  temperatures.  Warm  concentrated 
nitric  acid  decomposes  it.  Xitnm*  add  reduces  it  to  diasonitrochlorophenol 
(p.  408). 

l*be  nitrochloropheDamates  of  the  alkali-metals  and  alknline  earth-metals  are 
insoluble-.  The  salt>i  ar^  mo<itIv  yellow  or  brawn-red,  and  detonate  when  heated.  The 
ammonium-tait,  C*1I*(NI1')N*<!!10",  cryetalliaen  from  the  solution  of  the  acid  in  aqueous 
ammonia  in  yellowish -n-d  crystala;  ita  blood-red  aqneou.>i  solution  gires  off  ammonia 
when  evaporated ;  so  likewise  does  the  solid  salt  when  b-fl  over  oil  of  vitriol  in  rare- 
fied air.  The  barium-salt  forms  brown-red  crystals  easily  soluble  in  water.  The  lend' 
sa/t,  C"H»Pb"N*Cl*0*,  is  obtaiood  by  adding  neutral  lead-acetate  to  tlie  solution  of  the 
ammonium-salt,  aa  a  brown-red  precipitate.  The  ammonium-snlt  gives  a  yellowish- 
green  precipitate  with  euprie  tntlphaU,  yellow  with  mrcuric  ddoride^  brown-red  with 
nitraU  of  tiltxr, 

2.  Py  ffydricdie  Acid  and  Stanncus  Chloride. 

Pierie  acid  treated  with  either  of  these  reagenia,  yields  asalt  of  pieramiDe(f.  v.); 
9f  also  p.  403. 
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3.  By  Cyanide  of  Potattiunu 

Picric  acid  treated  with  thifi  reagent  ia  converted  into  tBOpnrpuric  or  piero- 
cjamic  acid,  already  described  (ui.  483). 

Metapurpurie  acid.  C'H'N'O*. — ^This  acid,  related  to  dinitrophenic  add  in  the 
aame  manner  as  ieopurpuric  to  picric  acid,  ia  obtained  aa  a  potaaainni-Balt,  whenan 
aqueoua  or  alcoholic  solution  of  oinitiophenic  acid  ia  added  by  drops  to  a  aolntion  of 
cyanide  of  potassium  heated  to  60°.  A  dark  coloured  crystalline  powder  is  then  pre- 
cipitated, which  may  be  purified  by  washing  with  a  little  cold  water,  reoystaUising 
from  hot  water,  pressing,  and  drying  over  oU  of  vitrioL  MetapurpuraU  ofpottuaium 
thus  obtained  is  a  dark  red  substance,  exhibiting  metallic  Instre,  and  disaolTing  with 
deep  crimson  colour  in  water  and  in  alcohoL  The  solutions  have  the  odour  of  cyanie 
acid.  The  analysis  of  the  salt  leads  to  the  formula  C*H'ENK)*.H^.  It  becomes  an- 
hydrous when  heated.  The  aolntion  gives  dark  brown  precipitates  with  the  chloridea 
of  barium  and  strontium,  and  with  most  metallic  solutions.  The  nlversalt  is  red,  with 
green  metallic  lustre.  The  add  itself  has  not  been  isolated.  (Ffaandler  and 
Oppenheim,  Bull.  Soc.  Chim.  [2]  Iv.  99.) 

4.  By  Nitrotta  Acid.    Diazokitbofebnols. 

o,  BlaxonltropliettoL  C^'N«0«  *-  C^«N«(NO»)0.  (Griesa,  Ann-Ch-Phirm. 
cxiil  201.)— Produced  by  paadng  nitroua  add  vapour  into  an  ethereal  tolntion  of 
nitrophenamic  acid  (p.  406); 

C^*N«0«  +  HNO»     -     C«H»NK)«  +  2HH). 


It  then  separates  as  a  brownish -yellow  granular  masa,  and  is  obtained  in  the  i 
form,  recrvstallised  iVom  alcohol.  It  yields  a  light  vellow  powder  taming  red  on  ex- 
posure to  light ;  explodes  with  great  violence  when  heated  to  100^.  It  dissolves  easily 
in  alcohol,  slowly  and  with  partial  decomposition  in  hot  water,  a  red  amorphooa  pow- 
der then  separating,  and  the  filtrate  on  cooling  depositing  diazonitrophenol  in  smaU 
yellow  prisms.  It  dissolves  without  decoropositaon  in  cold  hydrochloric  and  »idphuri€ 
acids.  When  boiled  with/umtn^  nitric  acid,  it  forms  a  compound  which  separatee  ill 
yellow  flocks  on  addition  of  water.  On  adding  carbonate  of  potassium  to  the  alcoholic 
solution  of  diazonitrophenol  and  applying  a  gentle  heat  nitrogen  ia  evolved,  and  tbe 
residue  left  on  evaporating  the  alcohol  yields  with  adds  a  brown-red  amorphous  pre- 
cipitate which  might  be  expected  to  exhibit  the  composition  of  nitrophenie  ack], 
C*H^KO'  (see  the  corresponding  decomposition  of  diazodinitrophenol,  tn/ra),  but  is  in 
reality  different  both  from,  that  compound  and  from  its  isomer,  isonitrophenie  add 
(pp.  394,  395). 

Vlaxodlnltroplienol.    C"H*N*0»  «  C"HTT«(NO»)»0.    rOries^  he.  ei'l.)— Pro- 
duced by  passing  nitrous  acid  gas  into  an  alcoholic  solution  of  picramic  add : 
CH^N-O*  +   HNO*     -     C»H«N*0»  +  2H«0. 

If  'however  the  picramic  add  used  is  impure,  or  if  it  be  added  to  alcohol  mmaoJtj 
saturated  with  nitrous  add  and  slightly  warmed,  nothing  but  dinitrc^Denio  ada 
ie  obtained. 

Diazodinitropheno]  crystallises  in  brHss-yellow  or  golden-yellow  lamina,  sparingSy 
soluble  in  water,  alcohol,  and  ether;  is  neutral  to  vegetable  colours;  has  a  bitter  taste; 
and  detonates  violently  when  heated.  It  is  dibHolved  without  decompodtion  by 
'mineral  acid4,  but  is  decomposed  when  heated  with  fuming  sulphuric  acid  ;  dry  dUorim 
does  not  act  upon  it.  When  boiled  for  some  time  with  water,  it  is  decomposed,  with 
formation  of  a  resinous  body,  and  a  red-brown  pulverulent  substance  soluble  in  aloobc^ 
ether  and  alkalis,  but  not  crvstalasable.  On  adding  carbonate  of  potassium  to  the  al- 
coholic solution  of  diazodinitrophenol,  nitrogen  is  evolved  and  mnitrophenic  add  ts 
produced,  the  colour  of  the  liquid  changing  from  yellow  to  red : 

C*H»N*0»  +   H*0     =     C*H*(NO»)*0   +  N»  +   0. 
The  oxygen  set  free,  according  to  this  equation,  is  probably  consumed  in  ftTtili«iitg  ^hs 
alcohoL 

SHasonltrooblorophenol.    CH<N*C10*  -  C«Hm*(N0'Kn0.   (Griess,  ite.  dL) 

This  compound  is  formed  when  a  rapid  stream  of  nitrons  ada  gas  is  psspod  throocb  A 
slightly  warmed  solution  of  nitrochlorophenamic  acid,  or  when  the  latter  is  addeSi  to 
alcohol  prerionsly  saturated  with  nitrous  acid.  By  reerystallisation  from  aloobol,  it  is 
obtained  in  lai^  brown-red  prismatic  crystals.  It  is  sparingly  scduble  in  Vf*^ 
tther  and  hot  water,  crystallises  from  hot  water  in  greenisn  gold-yellow  laauMe,  frooi 
ether  in  furcate  groups  of  needles.  It  dissolves  in  sulphuric  acid,  and  separatn  fran 
the  solution  after  addition  of  water,  in  long  thread-like  crystals,  and  is  solnUa  ^  " 
decompodtion  in  adds  in  general     It  yields  a  yellow  powder  taming  red  < 
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^Hto  light ;  detonaUs  ▼iolenUy  above  100^;  and  when  mixed  in  alcoholic  solutioo  with 
^HKUbJis,  giToa  off  mtrogCD  aiui  jielda  nitrochloropbeDic  acid. 


PHENYL. 


Jppendut  to  Phenol'derivatioe^. 


) 


Trt-lodopbenio  aeld.  C*HU*0. — Obtained  by  treating  phenol  with  a  poq- 
ddrrabln  quantity  of  prutocbloride  of  iodine.  On  dimolving  the  product  in  soda  und 
acidolttting  with  solphanc  acid,  a  preciptut«  is  obtained  connisting  of  mono'.  di-,  and 
tri-iodophenic  nrids,  from  which  the  two  former  may  be  extractni  by  boiling  alcohol  of 
60  per  C(*nt.  The  reaiduo  dissolTes  slowlv  in  atrong  alcohol  at  the  boiling  h^-at,  und 
the  solution  when  evaporated  dopcaitfl  tn-iorlopheoic  acid  in  radiate  groupit  of  yellow 
crystahi.  It  ia  easily  soluble  in  ether,  and  decoroposea  when  heated,  with  copioui 
diMngagement  of  iodine.  Treated  with  excess  of  protochloride  of  iodine,  it  yieldf 
pentachlorophenic  acid  (p.  393),  which  may  be  sublimed  in  splendid  whitt 
needles.     (Schntsenberger.  Bull.  Soc  Chim.  [2]  iv.  102.) 

PKS3>'0&"BXiXrX»  Also  called  AcuUn.  A  blue  dye  obtained  by  heating  pcooia 
(p.  324)  with  iiniliup.  (See  Hofmano's  Report  on  Chemical  ProduetM  ^c.  tn  the 
Kxhi'fnU>'7\  of  18G2,  p.  136.) 

VSzaroat&csTZC  ACZB*  Syn.  with  Phskixgltcoluo  Aom.  (Soe  Oltcol- 
uo  Ethebs,  ii  61U.) 

PKUrrXN  C*H\  In  the  ttte  state  C<*H".— The  radicle  of  phenol  or  phenyha 
alcohol:  known  also  in  the  form  of  chloride,  bromide,  acetate,  &c.  It  ia  obtained  in 
the  free  state :  1.  By  fhe  action  of  sulphuric  acid  on  a  colourleBS  oil  (probably  phenylie 
oxide  (C*li^)'0,  p.  416),  resulting,  umung  other  products,  from  the  dry  distillation  of 
cupric  benzoate  (List  and  Limpricht,  Ann.  Ch.  Phorm.  zc.  209). — 2.  3y  tha 
action  of  sodium  on  phenylie  bromide  or  bromobenzeue  (Fit tig,  ibid,  ezzi.  361; 
cxxxii.  201),  or  of  sodium-amalgam  on  phfnvlic  chloride  (Church,  Chem.Soc.  J.  xri. 
76).  Fittig  prepares  it  as  follows: — A  mixturo  of  benzene  and  bromine  in  fy]  nival  ent  pro- 
portions is  exposed  in  a  retort  to  diffused  daylight  for  eight  to  fotirt<<en  days  or  as  long 
as  white  fumes  of  hydrobromic  acid  continue  to  appear ;  tlie  contents  of  the  retort  iire 
tfarn  distilled  into  a  receiver;  tba  distillate  ia  ahaken  with  soda- ley  till  it  becomes 
colourless  ;  the  watery  liquid  is  removed  ;  and  tlje  oil  carffuily  dned  with  chlwide  of 
calcium  and  rectified,  collecting  apart  the  portion  which  p:i88es  over  below  160°.  This 
distillate,  consisting  of  benzene  and  munabromoheozene  or  phenylie  bromide,  is  mixed 
in  a  retort  with  an  excess  of  sodium  cut  into  thin  slices;  the  retort  is  left  to  stand  fur 
24  houre  in  cold  water ;  und  the  product  distilled  ofT.  The  distillate  is  easily  resolved 
by  one  rectificAtion  into  benzene  and  pure  phenyl,  which  immediately  solidifies.  It  is- 
important  that  the  mixture  of  benzene  and  phenolic  bromidi.'  be  completely  dehydrated 
before  treating  it  with  sodium,  otherwise  the  hydrogen  evolved  iiom  the  water  will 
nnit«  with  the  nascent  phenyl  and  convert  a  portion  of  it  into  bensene.  A  mixtun 
of  pure  phenylie  bromide  with  an  equal  volume  of  anhydrous  ether  may  also  be  Qs«d 
instead  of  the  mixture  of  phenylie  bromide  and  bcnxene,  but  it  ifl  leaa  advantageouit. 

3.  Phenyl  is  also  produced,  together  with  benaene  and  other  products,  by  the  action 
of  alcoholic  potash  on  nitrate  of  ozophenyl amine  (p.  432) : 

2C-H*N'     +     CH«0       -       C"H'*     +     C«H*0     +     N*. 

Aiopbcnyl-  Alcohol.  PheajrL  Ald«bytl*. 

unlop. 
On  heating  the  mixture  in  a  retort,  benzene  jpoasea  over  with  the  alcohol  and  after- 
wards the  phenyl,  which  condenses  in  the  receiver  as  a  ciystallino  muss,  and  may  be 
purified  by  repeated  ciyitoUisation  from  alcohol.     (Qriess,  Phil.  Trana.   1864  [3] 
e92.) 

4.  Together  with  other  products,  by  heating  sulphate  of  diacobenxidine  (p.  412) 
with  alcnhcl.     (Qriess.) 

Phonyl  crystAlliaee  from  alcohol  in  iridescent,  nacreous  scales  which  melt  at  69°  and 
■nblirue  at  a  higher  temperature  (List  and  Limpricht);  in  shining  laminiB  melting 
«t  70'&*  (Fittip),  70°  (Oriess),  and  boiUnp  between  239°  and  240«  (Fittig).  It 
gives  ty  analysis  93-75  per  cent  carbon  and  6  25  hydrogen  (List  and  Limpricht)  ; 
98-24  carbon  and  6-65  hydrogen  (Fittig),  the  formukC'-H"  requiring 93-51  carbon  and 
64*9  hydrogen.* 

It  ia  converted  by  bromine,  with  evolution  of  hydrobromic  add,  into  bromophenyl, 
C"H'BH,  and  by  fuming  nitric  acid  into  nitJophenyl,  C"H\NO^J'. 

The  formation  of  these  coraponnds  shows  that  the  formula  nf  phenyl  in  the  free  state 
k  not  C*H*,  but  C'^H'" ;  for  if  it  wer«  CH',  that  of  bromophenyl  would  be  C«H*Br,  and 

•  Uit  and  UmpTicht  uiisncd  lo  Ibelr  product  the  rormuU  O^H",  which  howe»»r  doM  Dot  afffw  m> 
•ell  withtbclr  ualjiit  u  that  of  pheajrl.  C>'H>».  requiring  Mil  per  cwt.  C.and  a-Ae  H. 
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that  of  nitrophenjl.  CIT^(NO') :  bnt  thne  fommle  tivuiaiiiDUi»iblr.  beanMt^««4 
the  hydrogen-  and  bromine-atomB  in  the  ono  com  aod  of  the  bydragcQ-  aad  nti^ 
•tomBin  tbeoth^ris  unevea.  Inthi9re«p«ct*.h*npheo^Iinthe  freeatat*  agraai liilt^ 
:4hereo-calleda]cohol-radide«.  met hjrl. ethyl,  Ac  Tittis  ho-werer  r«gafds  theecap^ 
C*^H'*,  obtained  OB  abore,  BB  bi^mng  only  A  distant  rekttion^Iiip  to  theradideif^ 
phenyl-com pound*,  and  accordinely  dMrignatn  it  by  a  di0'i!>r«'nt  oam«.  via.  dipkn^j, 
oa  the  ground  that  the  compounaa  formed  from  it  by  the  action  of  hrumifie  laj  um 
acid  do  not  belong  to  the  same  eerieB  bb  phenjlic  alcohol  nnd  itB  d*»nT»tiTf*  U^ 
respect  liowerer  phenyl  dof«  not  differ  easratiallj  from  methyl,  c*fhyl.  and  their  h^ 
logueB.  inosniaeh  u  none  of  thes«*  bodies  are  found  to  rield.  b^  oombination  orBttb«a- 
tioR,  compoundfi  belonging  to  the  same  seriea  aa  the  aleohul  from  whidi  thn^i 
■nppoBed  to  be  derired:  methyl,  C*H*,  for  example,  vh»n  treatini  with  chlorine  »% 
not  methyUc  chloride,  CH^Cl,  but  ethylic  chlorina,  O^HHTl,  and  monm*hlonuBlei!  M^ 
lie  chloride,  CH*C1*,  a  compound  related  \o  methyl,  C*H*,  exactly  in  the  Bame  nan 
aa  dibromophenyl,  C'*H"Br*.  is  related  to  phenyl,  C"H'*.  If,  ma  Schorlemmtf'i  s. 
perimeats  seem  to  show,  all  the  »o-caUed  alcohol -radicles  in  the  free  state  br  utif 
nydridee,  the  Bo-c&Ued  phenyl  or  dipheoyl  muBt  be  re^irdcd  aa  the  hydzidc  tf  ^ 
radicle  C"TI». 

BromophenyL  C*'H*Br'.  DibromodipktatyL  (Fittig.  Ann.  Ch.  FhazB.! 
204.) — Tliifl  compound  is  produced  : — 1.  By  saturating  phenyl  with  exoeaa  of  ts 
undeT  water  till  it  forma  a  doughy  maaH,  remoring  the  eixoess  of  bromine  by  rafaiif 
witii  soda-ley  and  cnst^ifting  the  now  solid  product  from  boiling  benzene  (Fil<i|, 
— 2.  By  hnating  perbroraide  <^  diasobfinzidiBe  (p.  412)  with  earbonata  of  •oiiiai.s 
boiling  it  with  sicohot  (Oriesa): 

It  forms  ooDcentric  f^upB  of  nither  largv*  coloorleBS  prisms  having  m  vpleodid  \attt 
and  strong  re^*}icting  power,  insoluble  in  vmier  and  in  cold  alcohol,  sparinglT  aohiUiii 
boiling  afcckol,  pa«tly  in  fh-nsme.  It  melta  at  164^  to  a  colourlesa  liquid  which  awjbe 
cooled  below  150  withoat  solidifying ;  at  a  higher  temperatore  it  distila  witboBi^ 
composition.  It  is  not  attacked  by  aLeoholie  potash  or  potaasic  acetAte,  em  afhtpo* 
lon(;pd  boiling,  and  therefore  does  not  exhibit  the  characters  of  bromide  of  ehfyaai, 
C'll^-Br";  neither  can  this  hydrocarbon  be  separated  from  it  by  the  action  ofaodim 

OliloroplieDyl.  C"H*C1'.  Dick/tyrodiphmyl. — Produced  by  heating  the  riilor- 
platinutt'  of  (Uiizul>enzidinf>  (p.  412)  in  a  retort,  with  4  to  6  times  its  weight  of  cndi 
etirlKinate.  A  copious  evolution  of  gas  then  takm  pluce,  and  chloropIiGnyl  distill  am 
as  an  oily  bo<ly  which  solidifies  to  a  white  mnss  in  the  neck  of  the  retort^  aodaigrbi 
porified  by  reciystallisation  from  boiling  alcohol : 

C"H*N*.H'C1*JHC1*     -     C"H»a«  4^  CI*   +   Pt   +    N*. 

It  cryttallisefl  in  white,  u<inaI1y  well-developed  priums,  insolable  in    watfr, 
soluble  in  alcohol  even  nt  the  boiling  heat,  but  rendily  soluble  in  riher-.     It 
14S°  to  a  yt'llowisb  oil,  wliich  can  be  distilled  wilhoai  decomposition.     (Oriea^l 
Tmns.  1864.  Pt  iii.  p.  730.) 

iritropbenyl.  C'^H^NO*)*.  Dinitrodiphmyl.  (Fit  tig,  Ann.  Ch.  Pharm.  anr,^ 
275.)— A  solution  of  phenyl  in  faming  nitric  acid  solidifies  to  a  maaa  of  needIe^Bhs|i8ji 
cryHta.lfl  consisting  chiefly  of  this  compound.  It  is  purified  by  filtering  the  li^sid^ 
through  gun-cotton,  wnshing  the  remaining  crystalline  nuuts  with  water,  boiling  it  witli 
smHll  quantities  of  alcohol,  as  long  as  the  liquid  is  colonred  yellow  thereby,  «ad 
crsytalliNing  the  white  muss  five  or  six  timen  from  alcohol,  tAking  care  that  a  Baafl 
portion  remninti  eHc*h  time  undissolved.  When  thus  pun6od  it  crystaUia^  fal  bq 
colourlt'^t  needles,  which  melt  at  213°  and  decompose,  with  separation  of  ebareoBl,t| 
a  stronger  heat.  It  is  quite  insoluble  in  wat«r,  and  very  sparingly  aoluble  in  alcoksL 
By  covering  it  with  iilcohol  and  sulphide  of  ammonium,  and  passing  eulphydricaeij 
gns  through  the  liquid  till  the  whole  of  the  nitropbcnyl  is  dissolreo,  it  is  ronvertrd 
mto  amidonitrophenyj  C»*H'(NH»XNO«),  and  amidophen  yl  C"HM!fB»P. 
which  is  ideinticid  with  Zinin'a  benzidine  (i.  544X  the  former  or  the  latter  prv- 
dominating  according  as  the  decompo^it)on  takes  place  in  a  cold  or  a  hot  aolutua. 
These  two  bases  are  easily  separate  from  one  another,  as  the  latter  only  is  soIvUs 
in  hot  water,  alcohol  or  hydrochloric  add,  and  is  almost  wholly  precipitated  firoia  tiMBB 
solntions  by  Balpliaric  acid. 

/soni<ro^A*fnjV^  C"H"(NO')'. — This  eomponnd.  formed,  simultaneonaly  with  lh» 
nitrophenyl  above  described,  by  the  action  of  fuming  nitric  acid  on  phenyl,  remxiBs  m 
the  mother-liquor  aft^r  the  latter  hiw  cn-stallised  duL  Ou  mixing  the  acid  Altnte  with 
water,  a  soft  yellowish -white  maas  separates,  which  by  repeated  cryataUisation  ft<m 
alcohol,  may  bs  recolred  into  liquid  nitrobensens  and  crystalline  isodinitmpbeBTl 
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AmldoaltToplien7l,C>^'*N<0'  =  C"H\NH«)(NO') 


Th«  lattn  :•  iiuolnble  in  vaUr,  fm»\\y  soluble  in  hot  alcohol.  It  ia  diatioguiabcH  tr^m 
nitrophecjl  hy  melting  at  a  much  lower  tcmperutarCf  rix.  at  936°,  und  by  forming 
vilh  rf^ucing  agents  tiro  bases  differiog  in  properCiea  from  the  two  jast  deschb4Hl, 
though  itgr€>eing  with  them  in  compcwition.     (rittig,  loc.  cit.) 

BromonitropbenyL  C'^'Br^NO*)'.  Wtromodinitrodiphmyl.  (Flttig,  Ann. 
Ch.  Phunn.  (iixiL  206.)— Bromophenj^l,  gently  hpRt«l  with  fnming  nitric  acid,  din- 
•olvra  with  soniRwhat irtrong reaction, and af>f*raf(.'wminutasthu whole dolidifli'S  ton putp 
of  flue  needl«-8haprd  cr^Btjufl  of  thiflcomponnd,whicb»  after  washing  with  wiitf7,  may  h« 
crystalliswi  fr<un  hot  benrenp.  It  is  peifpollv  insoluble  in  toaitrr,  Tcry  sparingly  soluble 
in  aicohni  even  at  the  boiling  heat,  mnre  easily  in  hot  hcn.trrte^  whence  it  eryBtalHs^'}*  in 
Mpleodid  slightly  yellow  capillary  needles,  often  an  inch  lonc-  It  is  very  much  like 
dinitrophenyl  in  external  appearance,  and  cannot  be  voUtilised  without  d^mpoiition. 

Sases  produced  fry  rtduction  of  the  preceding  NitrO'Wmpcnnds. 
Amldophenyl.   CH^N*  -    C"H»(NH»)«  or  BenKldlne,  ^^-^''^p'^^jin.— This 

oompoand  is  obtai  ned  b^  eraporatuig  the  eolation  of  nitrophenyl  after  prolonged  treat- 
inent  with  sulpliydric  add,  as  above  described,  dissolving  the  residue  m  dilate  hjtdro- 
chloric  acid,  and  precipitating  with  sulphuric  acid.  The  snlphute  thus  separated  is 
decomposed  by  boiling  with  ammonia,  and  the  free  base  ia  purified  by  re-aolution  in 
hot  water,  precipitatioQ  with  sulphuric  acid  and  separation  by  ammonia,  and  finally, 
recrystnlUaed  from  hot  water.  It  crystallises  in  cofourleM  shining  scales  which  melt 
at  118°  (not  at  108*=  as  generally  stated}.*  (Fittig,  Ann.  Ch.  Pbarm.  cxxiv.  275.) 

tained  by  evaporating  the  above-mentioned  solution  of  nitrophenyl  after  treatment 
with  sulpfaydric  acid,  and  boiling  the  residue  with  water  till  tli(>  resulting  solution 
no  longer  gives  a  precipitate  (of  benzidine)  with  eulphunc  acid.  The  residual  ami- 
donitrophenyl  IB  dissolved  in  moderately  dilute  hydrochloric  acid,  the  liquid  is  filtered 
to  sepanite  sulphur,  then  precipitated  by  ammonia,  and  the  bulky  red  flocks  thus 
obtained  are  washed  with  water  and  dissolved  in  hut  alcuhul.  On  adding  hot  water 
to  the  alcoholic  solution  till  it  begins  to  nhow  turbidity,  amidonitrophfuyl  aeparates  ae 
a  c^stalline  powder,  which  is  purified  by  sereral  repetitions  of  this  treatment,  and 
flnaily  reciystallised  from  hot  alcohol.  It  forms  small,  bright-red,  needle-shaped 
crystals,  melts  at  about  160(>,  volatilises  with  partial  decomposition  at  a  higher  tem- 
perature, dissolves  sparingly  in  v^attr^  but  easily  and  with  red  colour  in  boiling 
altohol.  Its  Boiution  in  hot  strong  hydrochloric  add  is  nearly  colourlees,  but  tome 
red  on  cooling  and  depofiita  the  free  base  again  when  evaporated.  The  p/aiinum» 
suit,  C'H'»N*0«.H*Cl'.Pt"Cl*,  ii  a  flocculent,  very  easily  decomposiblo  predpiUte. 
(Fittig.  toe.  cit] 

BromamldopbeDyl  or  Sromobensldtnet  C"H'*Br'N'.— This  base  cannot  be 
prepared  by  reducing  nitrobromopiienyl  with  sulphide  of  ammonium,  this  reaction 
yiehiing  nothing  bat  brown  lesinous  products  insoluble  in  hydrochloric  acid.  But 
when  the  nitro-com pound  is  heated  with  tin  and  strong  hydmchloric  acid,  it  dinaolvoa 
after  Home  time,  and  on  diluting  the  solution  with  water,  and  iiltering,  the  filtrate  de- 
posits, after  a  while,  bard  nmlular  groupfl  of  crystals  consisting  of  a  compound  of  bvdro- 
chlorate  of  bmrnobenzidine  with  stannous  chloride  ;  and  this  when  boileil  with  dilute 
aqueous  ammonia  yields  bromobenzidine  as  a  faintly  yellow  oil,  which  solidifiea  to  a 
glutinous  mass  on  cooling,  and  may  be  separated  from  stannous  oxide  by  sulatiun  tu 
alcohol,  whence  it  separates  in  hemispherical  groups  of  sraall  hard  crystals,  very  much 
like  ftugar-eandy.  but  always  having  a  yellow  or  brown  colour  ariifing  from  partiiil 
oxidation  taking  place  in  the  alcoholic  solution.  It  is  inttnluble  in  water,  m«'lta  at  89^ 
and  decomposes  at  hif^her  temperatures,  with  evolution  of  hydrubromic  acid  and  separa- 
tion of  much  rharcoaL     It  is  a  much  weaker  base  than  benzidine. 

HydrochLtratr  of  bromoben^dine  is  obtained  in  small  colourlef^s  prisms  on  dtssolrtog 
the  base  in  dilute  hvdrochloric  acid  and  mixing  the  solution  with  strung  hydrochloric 
acid.  It  is  partially  decomposed  by  solution  in  water,  and  appears  aim)  to  ly^e  ap-vtion  of 
its  acid  on  mere  exposure  to  the  air.  Ammonia  added  to  the  solution  throw?  down 
brumobeuKidioe  as  a  pure  white  amorphous  precipitate.  The  chlcropfatitiatt  is  a  brown 
amorphous  precipitate  which  cannot  be  purified  by  rezrystallitiation.  The  suJf/haU  ia 
soluble  in  water;  dilntp  sulphuric  acid  does  not  form  any  precipitate  in  a  solulion  of 
the  hydrochlonite.     (Fittig,  Ann.  Ch.  Pbarm.  fxxiii.  207.) 

•  The  ititemitm  faondrnniMt  Mwiualiof  ChemUiry,  andat  paseMStol.  f.  ortfalf  worV.  iVint  b*"- 
BlcUne  rnrlti  at  lOiH^  iipiH>ari  to  hi«ve  ortrlnated lo  amliprtnt  In  2lDlo'ip«p«T  (J.  pr.  Cliem.  asxvi 
ta>.     See  GmeUm'i  Ham4bookt  x.  330. 
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A  body  isomeric  with  bromobenzidine  (probablj  bromide  of  tzobenteneX  if  obtained 
by  the  direct  action  of  bromine  on  azobenzene,  C»»H"N».  This  product  ia  aparingly 
soluble  in  alcohol  and  ether ;  cryBtalliflea  from  alcohol  in  needles  having  a  faint  yellow 
colour  and  golden  lustre ;  melts  at  about  206°  and  Bublimesin  needlea.  "When  heated 
with  nitric  acid  of  specific  gravity  1*42,  it  dissolves  completely,  and  the  solution  on 
cooling  deposits  the  compound  C"H»(NO»)N*Br*  in  straw-yellow  needles,  which  ar« 
very  soluble  in  alcotiol,  and  melt  at  about  169°  to  a  liquid  which  soon  boils  and  decom- 
poses at  a  higher  temperature.     (A.  Werigo,  Ann.  Ch.  Phann.  cxzxv.  178.) 

BlaaobenBldine,  (?»H«N*  -  (C"^p)  |j^     Tetnuodipkenyl  (Gries8,Phil 

Trans.  1864,  Ft.  iil  p.  719.)— A  base  obtained  as  a  nitrate  by  the  action  of  nitimis 
acid  on  nitrate  of  benzidine : 

C"H»«N'  +   2NH0«     -     C'«HW  +  4EP0. 

When  nitrous  acid  vapour  is  passed  through  an  alcoholic  solution  of  nitrate  of  ben- 
zidine, a  brown  amorphous  body  separates  m  considerable  quantity  (from  an  aqneoos 
solution  only  traces  are  deposited) ;  and  on  mixing  the  filtrate  with  twice  its  volnme  of 
strong  alcohol  and  adding  ether;  nitrate  of  diazobenzidine  is  precipitated  in  minute 
cr)-8tiihs  which  may  he  purified  by  dissolving  them  in  a  very  small  quantity  ot  water, 
and  reprecipitatihg  with  alcohol  and  ether. 

titrate  of  Diarobfneidinc,  C'*H«NV2NH0',  crystalliaes  in  white  or  slightly 
yellow  needles,  easily  soluble  in  waier^  less  soluble  in  alwhol,  insoluble  in  ether.  Wht*u 
heated  they  explode  with  violence.  The  aqueous  solution  left  inacold  place  gmduall'- 
undergoes  spouianeuus  decomposition,  and  ou  boating  it,  nitrogen  is  evolved,  uid 

diphenyl-alcohol  (or  rather  xenylenic  alcohol)  C"H>«0«  -  ^^*^'^'|o«, 

is  deposited  in  white  crystals,  together  with  a  brown  amorphous  substance: 

C"H*N*.2NH0»  +   2H»0     -     C»«H"0«  +   2NH0"  +  N«. 

(See  Xkntlekio  Alcohols.) 

Perbromideof  Diazoben siding,  C*'H*N^2E[Br.BH,  is  pr«cipitatpd  on  adding 
bromine-water  to  an  aqueous  solution  <xf  the  nitrate,  in  round  reddish  crystals^  irideh 
must  be  washed  on  a  filter  with  water,  and  quickly  dried  over  oil  of  vitriol  and  quick- 
lime. It  is  very  unstable,  gntdually  giving  off  bromine  even  at  ordinwnr  temperatnmk 
It  is  also  decomposed,  with  evolution  of  gas,  by  solution  in  alcohol.  Heated  with  ear- 
honate  tifsodiujn,  it  gives  off  bromine  and  nitrogen,  and  leaves  bromophenyl(p.  410): 

C"H«N«.2HBr.Br«     -     C'H'Br'  +  Br«  +  N*. 

By  aqueous  OTttmonia  it  is  converted  into  bromide  of  ammoniun  and  tetrasodi- 
phenylimide: 

C'TI«N'.2HBr.Br*»   +  8NH»     -     (^'^^*^'|n»   +   6KH<Br 

Perbromlde.  Tetr»(>dl{4ieDrl- 

Imide. 

The  tetrazodipbenylimide  is  deposited  in  ciystals,  and  by  repeated  crystalliiiaticn 
from  strong  alcohol  may  be  obtained  in  small,  very  brilliant,  white  or  yellowish  pUtesv 
insoluble  in  watnr,  very  spanagly  soluble  in  cold,  easily  in  boiling  alcohol,  moderately 
in  ether.  It  m«>lts  at  127°  to  a  yellow  oil,  which  is  decomposed  with  slight  ez|^osioo 
at  a  higher  temperature.  It  is  neutral  to  test-paper,  does  not  combine  with  adds  or 
alkiilts.  is  not  altered  bv  boiling  with  strong  nydrochloric  acid,  or  with  aqoeons  or 
nkoholic  potash,  but  is  decomposed  by  nitric  or  by  strong  sulphuric  acid. 

P/aiinochhridr  of  Diasobensidine,  C"HTf*.2HCLPtK31*,  is  pncipitatfd  ' 
by  platinic  chloride  from  a  solution  of  the  nitrate  or  sulphate,  in  light  yellow,  veiy 
»imall  narrow  plates,  or  from  very  dilute  eolations  in  small  elongated,  well-formed  bex- 
H(!oniil  plHt4^  It  is  ulmost  inwfuble  in  watery  alcohol  and  ether.  Exposure  to  light 
during  drying  causes  the  crystals  to  turn  brown.  Heated  with  carbonaU  oftodmmi% 
gives  off  nitrogen  and  chlorine,  together  with  chloropbenyl  (p.  410)  whidipaMM 
over  as  an  oil,  and  solidifies  as  a  white  mass  in  the  neck  of  the  retoit : 

C»«H«N«.2HCLPta«     -     C'«H»a«  +   Pt  +   a*  +   N*. 

Sulphate  of  Diatobengidine,  C'*H'N*.3SH'0*.— On  mixing  a  concentrated 
aqueous  solution  of  the  nitrate  with  cold  sulphuric  acid,  previously  diluted  with  ili 
own  bulk  of  water,  and  then  adding  strong  alcohol,  this  salt  separates  cither  as  a 
white  crystalline  powder,  or  in  white  needles ;  if  alcohol  does  nut  precipitate  it  cob* 
pletoly,  ether  must  be  added.     It  is  very  soluble  in  water,  and  explodes  whoa  I 

•  Vpglartfnit  the  hrdrobromlc  add,  th*  compooail  may  be  regartsd  as  Um  brosiWs  of  •  tiCri 
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IT^Atod  with  alccK>l,  it  \b  riolently  deoompoeed,  givuigoffuitrugca,  sulphuric  acid  ind 
Aldehyde,  and  yielding  vhitc  crjBtab  of  phenyl  (p.  410) : 

2(C'*H*N*.3SH»0*)   +   'iC'H'O     -     aC'«H'»   +   4C=H«0   +   »»  +   63H«0«. 
SulphAtc  of  Duuo-  Alcobc4.  Theoyl.  Aldahyda. 

bcnsldliif. 

On  heatinK  a  solution  of  tb«  sulphate  in  a  small  quantity  of  oil  of  ritriol.  a  rioUnt 
^ttTolntion  of  nitrogen  tAkeflDlace,EDd  a  brown  liquid  is  formed  containing  a  triaulpho- 
>  and  a  tetraaulpho-acia  : 

CH'N*   +   3SH-0*     «     C"H*.3SH«0'    +   N*. 

C'-H«N«    4-    4Sn»0<     -     C»H*.4SH»0*   +    N«. 

On  boiling  th(i  brown  liquid  with  thirty  times  ita  Tolume  of  water,  saturating  with 

earbonnte  of  b&riam,  evaporating  the  filtrat«  to  diyneaa  orer  the  wati>r-b«ith.  and  eX' 

bauflting  thr  residue  acTcrul  ttmea  with  water,   the  barium-tuUt  of  the  triaulpho-acid 

diasolvea  while  that  of  tlie  tetrasulpbo-acid  rrniains  behind.    (Seo  SuLPUUutc  Btuxbs.) 

Slaxobenxl  dine -Aniline      or     Dlaxodlpbenylene-dlptienTl-tetramlnev 


\  C^H»N"     -     C"H«N*.2CH'N 


(C"H»N^)" 


Tetratodiphmyl-mnidohenMOl, 


> 


' — This  compound  separates  on  adding  aniline  to  aqueous  nitrate  of  diaanbenaidinp, 
AS  a  yellow  crystalline  masa,  which  may  be  puritied  by  repeated  washing  with  alcohol : 

C"H«N'.2NH0»  +   4C«H^N     -     C»H»N«   +   2(C«H'N.NH0'). 
It  is  insoluble  \n  water,  and  very  sparinely  soluble  eren    in  boiling  alcohol  and 
ether,  from  which  howerer  it  separate  in  ULnce-shaped  erystali,  generally  united  in 
atvllat«  groups.     It  explodes  when  heated,  and  decomposes,  with  evolution  of  nitn^en, 
when  Ijoiled  with  iiiincnil  acida.     (Grieaa.) 

PBSarrx,  B&OBCXSB  of.  CH^Br.  See  Momobromobxmcxxb,  under  Puxntl, 
KmaiDB  of  (p.  4U). 

VRSCim,  CBLO&mB  or.  CH'GI  See  Momochlobobxnzkkb,  under  pHmm, 

HYDRinB   OF   (p.    414). 

TUVm^^  CTAMTBa  or.  C*H\Cy,  orBmeomtriU,  C'H'N.— Already  de- 
acribed  nndor  the  latt«r  name  (i.  £63). — Mendius  has  shown  (Ann.  Ch.  Pnarra. 
cxjci.  120  ;  Jahresb.  1862,  p.  324),  that  when  treated  with  hydrochloric  acid  and  gi&na- 
lated  zinc,  it  is  converted,  by  ihe  actiun  of  the  nascent  hydrogen  thereby  evolved,  into 
a  ba«e  C^H*N,  isomeric  with  bensylamine  (toluidine),  methylaniline,  and  lutidine,  but 
differing  in  its  properties  from  all  three.  Thin  base  is  an  oU  lighter  thao  wati^r,  having 
an  aromatic  not  unpb'aHant  udonr,  boiling  between  182*5'^  and  187'^°,  soluble  in  water, 
miscibie  in  all  proportiontf  with  alcohol  and  other.  The  aqueuus  solution  becomes 
furhid  at  the  heat  of  the  hnod,  from  Rcpnriition  of  a  portion  of  thn  ditwolrcHi  oiL  It  is 
not  coloured  by  chloridf  of  Ume  ;  when  evaporated  with  nitric  actd,  it  emiti^  the  odour 
of  bitter  almond  oiL  When  exposed  to  the  air  it  is  quickly  converted  into  small  shin- 
ing needles  of  the  carbonate.  It  forms  thick  white  fumes  with  hydrochloric  acid.  Ths 
kydroehlorate^  C'H'N.HCl,  is  iofasible,  sublimable,  euiily  soluble  in  water  and  alcohol, 
insoluble  in  ether,  and  crystjilliaea  in  rather  large  square  plates.  The  chloroauraU  orya- 
tailises  in  long  yellow  needles;  the  cbloromercurate  from  alcohol  in  radiate  groups  of 
needles;  the  thloroplatinaU,  2C'H'»NCLPt"Cl',  in  very  thin  plates. 

VBBVT3b,  BT9BATB  Or«     See  Fhrkol  (p.  289). 

VBBVTXi,  HTBRZDB  OF.  CH'H.— Syn.  with  Bbhsskb,  under  which  name 
it  has  been  already  dt'M'ribed,  together  with  several  of  ila  derivatives  (i.  fi4l).  Wo 
have  here  to  notice  f^ereral  new  derivatives  of  b«njBene,  and  some  additional  observations 
on  those  already  doecri  bed. 

Aeo-  and  Amtdo-htngencs, 

Anilme  or  monophenylamine,  C*H'N,  is  regarded  by  Griess  as  amidobemwne 
C'H*(NH'),  and  by  the  action  of  nitrous  acid  on  aniline  and  its  suits,  compounds  are 
formed  containing  the  bases  C*H*N"  and  C  H"N'.  The  former  is  rBgard«l  by  Griess 
us  dia/obenaene,  that  is.  as  formed  from  beniwne,  C*H*,  by  the  aubstitution  of  2  atoms 
of  nitrogen  for  2  at.  hydrogen ;  the  Utt«r  as  a  compound  of  diazobenzeiie  with  amido- 
benxene  (aniline)    -    OH'N'.CH'(NH»>.     The  compound  C*H'5«  may  however  also 

be  regarded  as   azophenyl amine    ^     tii         [  ^*i  that  as  monophenjlamino    having 

3  at.  hydrogen  replaced  by  1  at  nitrogen;  and  the  compound  C"H"K^  in  like  manner 

as  aKodiphenyl-diainme     19'"    >N'.    Viewed  in  this  light  they  will  bs  described. 


together  with  their  bromo-^  chloro-,  and  nitro-derivatives,  under  pHEWTLavncss. 
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Sromobengene$. 

MoikObroino1»enxen«»  CH'Br.— This  compound,  obtained  by  the  action  of  br» 
mine  on  benzene  (i.  642),  appears  to  be  identical  with  bromide  of  phenjl  prodaced  b; 
the  action  of  bromide  of  pbosphoms  on  phenol.  Ftttig*s  mode  of  preparing  it  from 
benzene  has  been  alreadj  given  under  Pksntz.  (p.  409).  To  separate  it  from  un- 
altered benzene,  the  mixture  of  the  two,  obtained  as  above,  is  rectified,  and  the  portion 
which  distils  between  162°  and  164°  is  collected  apart  Riche  (Ann.  Ch.  Fharm. 
oxxi.  367),  by  distilling  120  pts.  of  phenol  with  90  pts.  bromide  of  phosphorus,  ob- 
tained an  oilj  distillate  having  a  sweetish  taste  like  that  of  chlorobensene,  boiling 
between  168°  and  166°,  and  containing  somewhat  less  carbon  than  that  required  by 
the  formula  C^H'Cl;  but  it  was  evidently  impure. 

Monohromobenzene  or  bromide  of  phenyl  is  not  attacked  by  caustic  potash,  CTanide 
of  potassium  or  acetate  of  silver ;  with  sodium  it  yields  phenyl,  C'*Ii**,  according  to 
Fittig,  benzene  according  to  Biche ;  but  the  production  of  benzene  probably  aroaa 
from  the  prwence  of  moisture  (p.  409). 

Slbromobenmenet  CH^Br*,  is  obtained,  mixed  however  with  tribromobenxeoi^ 
by  the  action  of  bromine  in  excess  on  benzene  (Conper,  i.  643).  A  purer  product  u 
obtained  by  heating  the  bromoplatinate  or  the  perbromide  of  asobromophenylammoninm 
(see  PHWrTLAKurRS,  p.  437),  either  alone,  or  better  with  carbonate  of  sodium: 

2(OH'BrN'.2HBr).PtBr*      -       2C«H*Br«     +     Pt     +     N*     +     Br«. 
Bromoplatlnat*.  DIbromo. 

C^*BrN»Br«       -        (>H*Br»     +     N»     +     Br». 
PerbromUle.  Dibromo- 

bMiieae. 

A  still  better  method  is  to  decompose  the  perbromide  with  alcohol;  the  deeom- 
position  is  complete  after  a  few  minutes'  boiling,  and  if  too  much  alcohol  has  not  be«a 
used,  a  large  portion  of  thedibromobensene  separates  at  once  in  crystals;  the  remainder 
is  precipitatea  on  addition  of  water  as  thick  oil,  which  soon  sohdifies  to  a  crystalHna 
mass.  After  washing  with  a  little  alcohol  and  pressure  between  bibulous  paper,  this 
maas,  together  with  the  crystals  first  precipitated,  is  subjected  to  distillation ;  dibromo- 
benzene  then  distils  over  as  a  colourless  ou,  which  speedily  solidifies. 

BibromobemEenecrystallisesfrom  etherin  rec  tanguiar  prisms  or  small  plates(Grie8s)^ 
oblique  prisms  (Couper);  melts  at  89°  (Couper,  Griess),  ana  boUa  at  219^ 
(Couper).    It  has  an  aromatic  odour.     (Oriess.) 

Tribromobenxeaw,  C^'Br',  has  been  already  described  (i.  643). 

T«trabroinobeiixeo0,C*II'Br^,hasreoentlj  been  obtained  byRicheandBArard 
(Ann.  Ch.  Pharm.  cxxxiii.  61)  as  follows: — Dibromobeuzene  is  prepared  by  exposing 
benzene  to  the  action  of  bromine  in  a  long-necked  flask,  so  that  no  bromina  may  be 
lost,  and  the  resulting  crystalline  mass  is  heated  with  excess  of  bromine  to  160°  ia 
sealed  tubes  till  the  tubes  become  filled  with  small  crystals.  These,  which  consist  of 
tetrabromobenzene,  are  separated,  by  recrvstallisatioD  from  alcohol  in  whidl  thay  an 
but  Hlightly  soluble,  from  undeoomposed  dibromobenzene  which  disMlTcs  esnW  im 
that  liquid.  Tetrabromobenzene  forms  beautiful,  silky,  very  white  aystaii,  •ft»MB*— 
from  fusion  at  about  160°  and  volatilises  in  flocks. 

The  bromobenzenea  are  attacked  by  fuming  nitric  add,  yielding  the  AmioajtrtMJiii^ 
nitrobromobenzenes  (p.  406). 

Chlorobeng0n€0. 

MoBooliIorobeaB«ae.  C*H*CL — ^This  compound,  produced  by  the  actiaii  c# 
chlorine  or  chloride  of  iodine  on  benzene  (Hugo  Muller,  Chem.  8oc  J.  zt.  41; 
Kittig.  Ann.  Ch.  Pharm.  cxxxiii.  49),  appears  to  be  identacal  with  chloride  of  phsn^ 
obtained  by  the  action  of  pentachloride  of  phosphorus  on  phenoL  (Laurent  and 
Oerhardt,  Ann.  Ch.  Pharm.  Ixxv.  79 ;  Williamson  and  Scrugham,  Chem.  8ocl 
Qu.  J.  vii.  238;  Riche,  Ann.  Ch,  Pharm.  cxxi.  367.) 

Preparation.  1.  From  BenMOU, — Benzene  absorbs  a  small  quantity  of  chkauia^  and 
ifit  be  exposed  to  lightorheated  to  the  boiling  point,  hydrochloricaddisslowlyercdvedi 
and  two  Heries  of  products  are  obtained,  viz.  chlorides  of  benzene  CHHS',  CBCCl*! 
C*H*C1',  and  chlorobenzenes  CH'Cl,  C«H*C1',  C*HK)I*,  the  former  being  produced  in 
larger  quantities  than  the  latter.  But  when  chlorine  is  passed  into  benzene  eontain* 
ing  iodine  in  solution,  a  much  more  oopions  evolation  of  hydrogen  takes  place,  and 
dilorobenzcne,  CH'Cl,  is  produced  in  much  larger  quantity,  toother  with  the  oUwr 
two  substitution-products  just  mentioned;  if  the  chlorine  is  in  ttictm,  a  trwntiftiHj 
ciystallised  compound  is  likewise  formed.     (Hugo Muller.) 

2.  From  Phenol. — When  2  at.  pentachloride  of  phos^^oms  are  added  hj  null  por- 
tions to  6  at.  phenyl,  a  violent  action  takes  place  at  fiLrat,  great  heat  being  prodiesd 
and  hydrochloric  acid  evolved ;  but  this  action  soon  ceases  uid  it  becomes  neeeMuy  to 
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t  the  nixtnrA.     If  it  b«  tnen  distilled  Dpwardfl  till  it  hu  ne&rly  eetwd  ia  ^t«  off 

ftjrdrDchloric  ncid,  and  the  diatillate  subnequently  coUcctad,  sboat  I  of  the  whole  distil* 
©Ter  below  240®,  and  the  temjwratare  then  rapidly  rises  above  tfio  range  of  then»»r- 
eurial  thfrmometer.  The  distiUate  coUcHited  below  240°  ia  a  limpid  coloiirle«8  liquid, 
which  when  waahpd  with  hot  wat«r  and  sahsoquentlj  with  potasn,  yields  a  thick  oil 
which  settles  to  the  bottom  of  the  Tea«*l ;  and  on  submitting  this  oil  to  fractional 

IdistilliUion.  collecting  apart  the  portion  which  pasaea  OTer  at  \'66°  to  138^,  chloride  of 
phenyl  ia  obtained,  nearly  pnre  but  in  small  quantity.  The  briwn  liquid  which  distils 
above  the  range  of  the  tliermumeter  is  phosphate  of  phenyl,  and  oonstitates  by  far  the 
largest  portion  of  the  prodncL  >Vhen  an  exceea  of  chloride  of  pbospbonm  is  oaed  in 
the  preparation,  the  quantity  of  phenylic  chloride  obtained  appears  to  be  still  smaller 
thnn  with  the  above  proportions. 

Chloride  of  pheujl  (obtained  by  the  second  process)  is  s  colourless  mobile  liquid, 
boiling  at  136°  (W.  and  S.).  at  137°  (Kiche).     According  to  Laurent  and  Gerhard^ 
^_^it  is  conrertad  by  wat^r,  and  more  quickly  by  squeous  potash,  into  phenol : 

^k  c'«H*a    +    n*o     -     Ha   +    c*h*0; 

^B^t  according  to  Biche  (Ann.  Ch.  Pharm.  cxxx.  266),  it  ia  not  attacked  by  potash, 

^BoBot  even  when  hcat^l  with  alcoholic  potash  in  a  sealed  tube:  hence  he  regards  ths 

^K«nmpciund  obtiuned  as  above,  not  as  chloride  of  phenyl,  bat  as  monocblorobenzene. 

f  Pure  chloTobenxene  prepared  by  MiiUer's  process  is  likewise,  according  to  Fitting 

'        (Ann.  Ch.  Pharm.  cxxxiii.  6U),  perfectly  indifferent  to  the  action  of  alcobolic  potash, 

not  yielding  a  trac«  of  phenol  or  of  chloride  of  potassium,  even  whan  heated  vrith  it  for 

sevenil  hours.     On  the  other  hand.  Church  (Chem.  Soc  J.  xvi.  76),  by  heating 

benaene  with  hydroohlcric  ucid  und  acid  chrumat«  of  potassium,  obtained  a  distillate 

coBtaiuing^  as  chief  product,  tbe  compound  C"H*C1'  or  C"'H*C1.HC1,  which  when  heated 

with  strong  alcobolic  potash  yielded  phenol;  but  as  the  chlorinated  compound  uaed  in 

thiN  pxporimeut  was  the  crvd/,  product  of  the  action  of  nascent  chlorine  on  benzene, 

which  had  not  been  submitted  to  any  process  of  purification,  it  is  by  no  means  oertaJn 

that  the  phenol  thus  obtained  really  resulted  from  the  decomposition  of  phenylic 

chloride  or  chlorabenEene.     The  same  crude  distilliite  washed  with  aqueous  potash  and 

rectified,  yielded  pbi^nylic  chloride,  which  when  distilled  over  aodium-am&lgam  left  a 

residue  containing  phi^nyl.  C'*H'*  (p.  409),  together  with  a  small  quantity  of  a  yellow 

crystalline  body,  probably  chrysene,  fiC*E*,  while  the  distillate  contained,  together  with 

unalten^d  benzenr,  a  hydrocarbon  boiling  at  91°.  and  likewise  having  the  composition 

I        CH*.     (Church.) 

^^  Pore  chlorobensene  is  not  attacked  by  acetate  of  silver,  by  an  alcoholic  solution  of 
^y^tassic  acetate,  or  by  Hmmonia.  Heated  with  Modium  it  yields  benzene  (Riche), 
^^  probably  arising  from  ti  trace  of  moisture  (see  pago  409). 

Dtotalorobenmene,   C'lI^Cl',  is  obtained  by  heathig  the  chloroplatinate  of  aao- 
chlorophenylumine,  '2{C''H'ClS*.HCl).PtCl*,  with  carbonate  of  sodium,  and  crybtjilliiies 
in   long   needles  or  elongated  four-sided  plit'^'s,  haviug  the  same  peculiar  aronuLic 
^^  odour  as  dibromobenzene.     (Griess,  Phil  Trans.,  LS64,  [3].  705.) 
^H       Xrlelilorobenmeii«»  CHH^l',  has  b»on  already  described  (i.  643). 
^      Hydrockhrat'-  of  trKhlor<>b*^eM,^R*Q\*  -  C«H»C1'.3HCI,  heated  with  aoetata  of 
'        silver,  yields  compounds  resembling  the  gluooiidM  in  thair  power  of  reducing  cupric 
,         oxide  in  alkuline  solution.     (Bosenstiehl,  Jahresb.  1862,  p.  481.) 
I  Clilorobroniobeaa«ne»  C*H*ClBr,  is  obtained  by  heating  tha  chloroplatinats  of 

aaobromohcnylmino  with  carbonate  of  sodium: 
'  2(C^'BrNVHCl)PtCl*     -     2C^*ClBr     +     Pt     +      01*     +     K«. 

The  crystals  which  condense  in  the  neck  of  the  retort  may  be  purified  by  pressing 
I        them  between  flltur-pjtper,  distilling  a  second  time,  and  recrysial Using  from  alcohol 

Chlorobroraobenzene  dissolves  rather  slowly  in  alcohol,  but  easily  in  ether,  and  crys- 
tallises from  a  hot  nuturated  alcoholic  nolution  on  cooling,  or  from  the  ethereal  solution 
by  evaporation,  in  white  needles  or  plates  baring  a  peculiar  odour  like  that  of  benxene. 
(Oriess,  PhU.  Trans.  1864,  [3],  702.) 

iodohtntBn$i. 

BKonolodobeasene  or  Iodide  ofVbAiijI* — Scrugham,  by  treating  phenol  with 
iodine  and  phosphorus,  obtained  a  liquid  which,  af^er  treatment  with  potash  and  rectifi- 
cation, boiled  at  260'^,  and  wafi  found  to  contain  iodine.  Thi^  liquid  was  pnvumed  to 
Im*  iodide  of  phenyl,  but  the  quantity  obtained  was  not  sufficient  for  a  satisfactory 
investigation  (Chem.  Soc.  J.  xiii.  24  4).  Several  other  chemists  have  attempted 
the  preparution  of  phenylic  iodide,  with  no  better  success. 

aromlodobensene,  C*n*BrI.  formed  by  boiling  the  perbromide  of  aaoiodophenyl- 
•mmoninm  (perbrjmide  of  diatoiodobtniene)  C^H'IK'.Br*,  with  alcohol,  crystidliaea 
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from  ether  or  alcohol  in  large  vhita  platea  which  are  Tolatale  without  deoompontiooi. 
(Orieaa.) 

Niirobensenet, 

Kono*  and  lU-nltrobaiiBeae  have  been  already  described  (L  £48 ;  it.  60).    The 

former  is  converted  by  sodium^mal^am  into  aaobenzene  (i.  477) : 

2C^»(N0«)     +     H»      -      C»«H'»N»     +     4H«0. 

Nitrobenzene.  Aiobeoiene. 

Fart  of  the  azobenzene,  however,  takes  up  2  at  hydrogen  more,  and  ia  oonTcarted  into 
benzidine.   (Werigo,  Ann.  Ch.  Fharm.  czxxr.  176.) 

jritrobroino1ienmeii«v  C*H*(KO')Br,  ia  produced  by  the  action  of  finning  nitric 
acid  on  monobromobenzene  (Couper,  seei.  543).  When  treated  withredocing  agents 
it  3rieldB  bromaniline,  CH*BrN.  A  nitro-bromobenzene  having  exactly  the  same 
compofiition  and  properties,  is  produced  by  bea^;*g  bromoplatinate  of  $  aaonitro- 
phenylamine  (obtained  from  $  nitraniline)*  with  carbonate  of  sodiom : 

2[OH«(N0«)N»:HBr]Pt"Br*  -  2(?H<(N0«)Br  +  N*  +  Pt  +  Br*; 
€T  by  heating  the  perbromide  of  fi  azonitrophenylammoninm  with  alcohol ; 

<>H*(KO»)N^r»  «  CH«(NO«)Br  +  N«  +  Br«. 
Itmelts  at  126^t  and  crystallises  in  long  white  needles  (Griess,  Phil.  Trans.  1864, 
[3],  712).  An  isomeric  ramponnd  distingoished  as  a  nitrobromobenzene  is  obtained  in 
like  manner  from  the  perbromide  of  a  azonitrophenylammonium.  It  oystalliaeB  in 
rhombic  pnsnis  which  melt  at  56°  (Or i ess),  a  and  fi  nitrobromobenzene  treated 
with  sulphide  of  ammonium,  yield  respectively  a  and  fi  bromauiline.    (Oriess.) 

mtrodlbromobenmene*  C'H'(NO')Br',  is  obtained  by  the  action  of  faming  nirrie 
acid  on  dibromobenzene.  "When  heated  with  alcoholic  sulphide  of  ammonium  it  yielda 
dibromaniline.     (Richeand  B^rard,  Ann.  Ch.  Fharm.  cxxziii  61.) 

sntrotetra1iroxnoben>ene»  C'H(NO*)Br*,  is  a  crystalline  product  obtained  by 
the  action  of  fuming  nitric  acid  on  tetrabromobenzene.     (Biche  and  Birard.) 

mtrooblorobenseBef  CH*(NO*)CI,  produced  by  boiling  monochlorobenzene  with 
strong  nitric  acid,  crystallises  in  long  needles,  melts  at  78°  and  solidifies  at  74^.  It 
dissolves  sparingly  in  toater,  easily  in  hot  alcohol  and  in  ether.  By  Mj/niUds  of  om- 
tnonium  and  other  redtusing  agents  it  is  wnTerted  into  chloraniline.  (Richer,  Ann. 
Oh.  Fharm.  cni.  367.) 

Blnltrodloblorobensene,  G'H"(N0*)*C1,  is  formed  by  the  action  of  peota* 
chloride  of  ph(»phorus  on  dinitropheuic  acid,  perhaps  thus: 

C«H«gIO«)»|Q     ^     p^^,      ^      C«H»(NO»)«Ca    +    PCIH)     +     Ha 

The  resulting  yellowish  liquid,  decanted  on  cooling  from  the  excess  of  chloride  of  pbo^ 
phonis,  solidifies  in  a  few  days  to  a  crystalline  mass  which  may  be  washed  with  eold 
and  dissolved  in  hot  alcohoL  The  alcoholic  solution  b^vmes  milky  on  codii^  and 
deposits  the  compound  as  a  yellow  powder,  which  aft«^r  a  few  days  sodidifieiin  pttflift. 
(Laurent  and  Gerhardt,  Ann.  Ch.  Fharm.  Ixxv.  79.) 

Trlnltrootalorobenaene,  TrinltroptaeayUe  eblortdef  or  Oblor^tavyl* 
C*H^(N0')'C1. — This  compound  is  obtained  by  the  action  of  1  at  pentaehkffide  of 
phosphorus  on  1  at.  picric  acid : 

C«H"(NO»)«0     +     Fa*      -      C»HXNO«yCl     +     VCi*0     +     HCL 
The  two  bodies  act  violently  on  each  other  at  first,  and  oopions  fhmea  of  hjdraddorie 
add  are  evolved.     As  soon  as  this  action  ceases,  and  oxychloride  of  phoq^oma  begins 
to  pass  over,  the  retort  must  be  removed  from  the  fire,  because  the  chlon^neijl  woold 
be  decomposed  by  further  beating,  and  a  resinous  substance  formed :  hence  the  (dJoio- 

fic^I  cannot  be  completely  purified  from  oxychloride  of  phosphoms  by  diatillatioau 
t  is  a  yellow,  solid  body  having  an  agreeable  odour.  Water  decompoees  it.  fbnnii^ 
hydrochluric  and  picric  acids.  It  dissolves  iu  alcohol  and  in  ether.  Carbonate  of  ■■• 
nonium  converts  it  into  picramide  {q.  v.).     (Pisani,  Ann.  Ch.  Phazm.  »'*'■   SSft.) 

PBBJVI&i  XOSZ9B  oy.     See  loDOBxifZBira,  p.  416. 

WUMmriH  03UDa  OV.    (CH»)'0.— This  compound  appears  to  be  fbmod  by 

heating  chloride  of  phenyl  with  phenate  of  sodium :  C^K^I  +  C^*NaO  i>  2laa 

*  <^nftninltln{>  1i  the  hate  producvd  bj  tht>  Hctlon  of  tnlnhlde  of  aniBOiiliim  od  dteitntaeansi 
^-Bitranlllnv  i«  the  IwniM'lc  compound  obtained  bj  dfitlUInf  certain  nltraiad  fhtaatamiitm  WHs 
potub  (we  Phkntlaminbi)  Thii  U  the  node  of  dUUnctloo  propoavd  by  BolkMin,aad  fWmBr 
adopted.  In  Orteu't  paper,  however.  aboTe  referred  (o,  Che  meaoing  of  the  praixaa  m  mm  0  la  rfftins£ 

t  According  to  Cmiper.  Diirobromobentene  prepared  bjr  the  aetkm  of  oHrto  aetd  oa  I  

hfflow  90°  ;  but  Orlna  ha*  ihown  that  thn  product  tbui  obtained  melu  at  esactljr  the  ■ 
prepared  fiom  the  pUtiuuai.»alt  of  a-MODicropb«ijlamlnc. 
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(C*H')*0  :  tlie  funnutiun  of  chloride  of  sodiuni  was  obserred,  but  no  distsllut«  was  ob- 

uaed(ScrughaQi).     List  aodLiiupricUt (Aim.  Cb.Phiirin.xc.  209).  by oubjecting 

enzoate  of  copper  to  dry  dit>tillHtion,  obtained,  ftoongst  other  prodact^f  a  eolourleu  oil, 

oiling  at  26U-,  and  yielding  by  onalyRui  84-3d— 6460  por.  ci-nt  carbon  and  6*tf9 

_  ydrogt'D,  nnmbcni  agreeing  nrarly  irith  the  compoailion  of  pbenjlic  oxide,  which  re- 

|nire8  81-70  per  cent.  can>OD.  6-88  hydrofcen.  and  10-42  oxygf^n.*     Thia  oil  bud  an 

Kgr^«nblf  otlonr  of  gf<ira.ni nms,  wa«  ianoluble  in  Wftter.  Bpuringly  soluble  in  alcohol,  verr 

■olublti  in  (•tbnr.     It  was  not  di>compus«ii  by  alcuhoUc  potiub,  but  when  heated  with 

strong  sulphuric  acid  it  ^neldi'd  a  white  crystalline  body  baring  very  nearly  the  com- 

position  of  phenyl,  C'-H'"  (p.  409). 

rSEirvx,  BUXPHniSS  or.  Prntn$ulphide,  C"H**S.  (Stenhoose, 
Proc.  Roy.  .Sot  xiv.  351. ) — Thia  compound,  or  a  bodv  iwmeric  with  it,  is  obtained  by 
the  dry  di^ntillation  of  bulphobenzolat«  of  sudiam.  CU'NnSO'.  When  this  salt,  in  the 
form  of  dry  powder  and  in  quantity  nut  excelling  26 — 30  gramme^  was  he4t«d  in  a 
copper  flaak.  tm  oily  body  covered  with  a  layt'r  of  water  condensed  in  the  receirer,  and 
a  considenililu  qutintity  of  carbonic  and  solphorons  anhydrides  was  STolved,  whiln 
carbonaceous  ai:itter  sod  carbonate  of  nodiam  nniained  behind.  The  crude  oil  b^an 
to  boil  Ht  abotit  80°  between  which  tempeniturp  ard  110^.  water  and  benzene  paned 
over.  The  boilii>g  point  then  rose  quickly  to  290^,  at  which  temperature  the  greater 
portion  uf  th(»  liquiii  dtBl'illl^d  over,  leaving  a  b]^*k  tarry  residue ;  and  thiK  when  mom 
strongly  healed  gave  a  further  quantity  of  an  oily  body  which,  when  rectified,  yielded 
the  substance  boiliug  at  about  200°.  and  above  300°  a  liquid  «'bich  after  standing  for 
some  weu-ks  dt-putfitt^  a  few  crystals. 

The  uil  boiling  bctwupn  290^  and  SOO'^,  which  amounted  to  about  two-tliirds  tlie 
weight  of  the  cniJe  oil,  yif^idcd  on  reetiflcation  an  oil  boiling  very  constantly  at  2d2  6°, 
and  containing,  after  further  reclificution  in  a  current  of  hydroeeu,  7712  per  cenL 
carbon,  d*3R  hydrogrn,  and  17*49  sulphur  (mean),  agreeing  np>arly  with  the  formula 
C'-H'*S,  which  n-cjuir.'S  77*41  C.  6-38  U,  and  17-20  a 

Sulphide  of  phenyl  iacearly  coIourles^  with  only  a  very  faint  yellow  tinge,  and  baa 
an  aromatic  but  slightly  alliaceous  odonr.  It  (m  a  iiieh  refmctire  power,  8peci6c 
gravity  lUQ,  anl  iMjils  at  2926°.  It  is  in'»oluble  {n^ufatWl'xery  S'^Iuble  in  hot  ttpirit, 
from  which  it  partiiOly  separates  on  cooling,  and  is  ihiscible  in  all  proportions  with 
tthtr^  hfitrcne,  and  sulphide  of  carbon.  Its  alcoholic  solution  mixed  with  platinie  chio* 
ridf  gives  a  slight  tlocculent  precipitate,  which  on  standing  rettolres  itself  into  a  red- 
dish-coloured oil.  yitrate  o/nivrr  and  mrrcuric  chionde  give  no  precipitate.  Jt  dis- 
solves sparingly  in  cold  strong  auJphurtc  OLid,  forming  a  red  solution ;  but  on  raising  the 
temperulni-e  the  whole  diitsolves,  forming  a  greeDiab-black  liquid,  which  becomes  colour- 
lesH  whi'o  largely  diluted  vritb  water,  and  on  neutralisation  with  chalk  yields  an  organic 
CHlcium-ftiilt.  Thf  ralutiou  of  the  oil  in  strong  suhihuric  acid  blackens  and  gives  off 
sulphurous  anhydride  when  very  strongly  heatc^l.  it  is  not  acted  upon  by  solutions  of 
thr>  alkalis,  either  aqueous  or  aleuholii?,  bat  is  decomposed  by  beating  with  solid  potash. 

Sulphide  of  phenyl  heated  with  strong  ftitric acid „  or vnih  acid  ckromaU  of  voioMium 
un'l  dilute  sulphuric  acid,  is  ronrerted  into  a  cnrstalline  substance  having  the  oompo- 
sitinn  of  Mitseherlich's  solphobenzene,  C"H'*SO*,  but  diU'ering  from  it  greatly 
both  in  chemical  and  in  physical  properties:  hence  for  distinction  called  sulpho- 
beneolene  {q.  v.) 

Bisulphide,  C"H"S«.  (C.  Vogt,  Ann.  Ch.  Phann.  ciix.  142.)— This  compound 
is  produced  from  phony  lie  sulphydiute  or  phenyUmercaptan :  I.  By  oxidatioa  with 
nitric  iicid: 

2(C-H*)HS   +   HNO*     -     (C*H»)«3'   4-   NO*  +  H»0. 

When  pbenyl-mercaptan  is  gently  heated  with  nitric  acid  of  spocific  gmyity  1-2  in  a 
retort  eounected  with  the  be&k  of  a  Liebig's  condenser  till  red  fumes  begin  to  escape, 
th<-  action  goes  on  of  itself  without  further  heating,  and  at  its  t^miination,  the  oil.  which 
at  first  float«  on  the  top  of  the  liquid,  sinks  to  the  bottom,  and  sol)diri<*M  on  cooling  to  a 
iTystaltine  mafls  which,  when  wtishsd  with  water  anil  di<((u:>U-i>d  in  Hniling alcohol,  yields 
by  spontaneonA  evaporation  ne4.>dle* shaped  cryetuls  of  dixulphidtt  of  phenyl. — 2.  A  solu- 
tion of  phcuylic  mercaptan  \a  atctiSioLic  umuiunid,  left  to  evapunite  spontaneously  at 
ordinar)*  tenipprnturts  in  a  wide  cylindrirnl  vessel  hnlf  flUed  witn  it,  also  yields  crystals 
of  ihe  disulphide. — 3.  A  Bmall  quantity  of  this  compound  is  obtained  in  the  preparation 
of  phenyl -mercaptan. 

bisulphide  of  phenyl  is  o>itainfd  by  the  first  mrthodinlong  white  shining  needles;  by 
the  second  ip  beautiful  regularly  developed  rrystali*  half  an  inch  Inng.and  havingrheform 
of  orthorhombic  prisma   with  truncation  of  the  macrodiagonal  and  brochydiagonal 

*  List  and  Umprkht  sMlined  lo  LI  lbs  fomuia  C/PO*  Hitoh  rcquirei  M*07  C  ■ad  I'M  H. 
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r  Ul'Tul  (nl^«*^  antl  t4<rmiiiAf^l  by  A  simplo  dt^tn*.  U  hA»  a  fnint  not  fUlplaiiMii^  ' 
'  is  ioai>luble  m  traCer,  but  fnaWj  solable  in  alcohol  and  ctXer  ;  melt«  at  60^  totyAk^ 
oil,  which  vfaen  left  at  rest  0ometim««  doM  not  solidify  till  cool^  to  2d°.  Ha^iki 
■lightly  ToUlile,  it  distils  without  decompoaition  «t  a  aome vbat  high  tenpea^ 
Vtucmt  kvdroofn  erolTed  bj  eine  and  hydrochloric  acid,  conTerta  it  into  phcenVtp 
captJin.  By  tLe  prolonged  action  of  nitric  acid^  it  is  converted  into  phesylsalp«« 
add,  C'H-SO». 

(Vogt,  ^  «/.);  Bmrylic  SulpkydraU^  or  Btnsylie  Mfrcmtan  (Kolbi).— hi^ 
by  the  action  of  nsscont  hydrogen  on  snlphnphenylic  f^hloriod: 

C*H*SO«'ci   +   H*     -     C*H»S   *   HCl    +    2H*0. 
It  is  prepared  by  pouring  dilot^  eulpbaric  acid  upon  cine  in  a  capaa^ul 
adding  »alpbophenyhe  chloridt^  as  soon  as  the  cTOlution  of  bydrogvo  bee 
f  t&kin^  care  thst  the  zinc  projecta  considerably  above  tbe  oil^r  liqaid  ftt  cba  1 
distilling  the  liquid  after  twenty-four  houre.  the  phenylie  aulpbydrata  paw> 
the  aqoMns  Tapour,  and  coUccts  an  an  oil  in  the  receiver.     The  rem'dual  saliataii^  ' 
oontsins  a  small  qnantity  of  phenylic  disulphida.     When  large  quantities  art  opoM 
on.  it  is  bf«t  to  snbject  the  otl  to  a  aecond  treatment  with  sine  and  suipfaohc  aed. 

Phenylic  ffolpbydrnte  is  a  colourless,  mobile,  strongly  rsfraetiDg,  oily  liquid,  ha^ 
an  inteniiely  disagreeable  odour.  Specific  gmvitj  I'OTS  at  14^.  Boiling  poiot  iSmi 
168^.  It  bums  with  a  bright  white  flams.  When  placed  on  the  akin  it  prodgtii 
burning  pain  ;  its  vapour  attacks  the  eyes  and  produces  g:iddinea0.  It  ia  not  auadfeb 
with«a^,  but  nerexthelesa  imparts  its  odour  thereto;  it  dimolres  eactlyindaft^ 
ttker,  htfnsme  and  sulphide  of  carbon^  It  disaolvea  suipkur  with  jellovis^  lad  •ria 
with  red-brown  colour. 

Ph&nyl-tttJphidra  or  Phenyl-mtrtaptidfM. — Fheoylic  aulphydrate,  like  the  fnn<<puri 
ing  ethylic  comjtonnd  (ii.  A47X  can  exchange  its  typir  hydro^n  for  metals. 

The  ntpric  fait,  C'*U'H}a''S',  is  precipituted  as  a  pole  yellow  powder  on  ouadif  lb 
alcoholic  solutions  of  phemylic  sulpbydrate  and  cupnc  mcet&te.  The  Ifmi-tA 
CH'^Pb*^,  obtainiHi  in  like  manner,  is  a  yellow  crystalline  body,  which  bassBlkj 
1u'<tre  when  dry,  becomes  cinnabar-nKi  ut  120^,  yellow  again  at  200*^,  meits  aboieW 
to  a  red  liquid,  and  solidifies  again  to  a  yellow  mass  on  cooling. 

Jl/ereury-«ai^C''H'*Hg'*S^. — Phenyl-mercaptanacts  very  violently  on  mercnrie  opfc: 
when  a  drop  of  it  is  let  fall  on  the  dry  oxide,  great  heAt  is  produced  and  tfat  wU* 
mass  is  scattered  about,  and  even  the  dilute  alcoholic  solution  becomes  ^try  hot  u  q» 
tact  with  mercuric  oxide.  The  mercuric  phenylflulphide  produced  by  this  rrsffia 
crystalliseB  from  alcohol  in  white  capillary  ne^es,  having  a  silky  lustre  wbco  tj. 
On  mixing  the  alcoholic  solutions  of  mercuric  chloride  and  phenyl-mercsptan.  Ite 
double  salt,  C'*H'oHg''8.Hg''CP.  is  produced,  and  crystallises  fix>m  a  boiling  alcohol 
solution  on  cooling  in  white  himinie. 

Phenyl' $tdphidf  of  Silver,  CH'AgS,  is  precipitated  as  a  pale  yellow  erTstallinspfV* 
der  on  mixing  the  slcoholic  solutions  of  phenyl-mercaptan  and  nitrate  of  ailrer.  Awii 
and  platinic  chloridts  fonn  brown  precipitates. 

The  todium-aalt,  C'U^NaS^  ia  formed,  with  evolution  of  hydrogen,  on  addii^sofias 
to  phenyl-mercaptau,  and  remains  as  a  white  saline  mass  on  ezpeUing  theexcMiflftb 
mereaptan.  Carbonic  anhydride  passed  into  the  alcoholic  somtion  of  this  saHlbna 
the  compound  C^H^NuO'S.  just  as  aalteylate  of  sodium,  C^H^NaO*,  ia  formed  fsm 
phenate  of  sodium,  C*II*NaO. 

yKSirrx.-ACXTA»EZBS  or  Ac^tanilidf,  C^'NO-((>H»)(C»HK))HN.  (Ofr- 
hardt,  Ann.  Ch.  Piuirin.  li^xxvii.  164.) — Produced  by  the  action  of  aniline  UMOieKif 
anhydride  or  chloride  of  acetyl : 

C*H»0»       +     20^^!     -       2C*H»N0  +     H«0. 
C«H"0C1    +     OHTf       -       C»H»NO     +     HCL 

It  CfyitalHses  in  colourless  shining  lamina,  melts  at  112^,  and  aolidiflea  in  a  ens- 
tftlline  mass  on  cooling;  distils  without  decomposition.  Sparingly  soluble  in  «oli 
moderately  soluble  in  hot  water,  alHoin  alcohol  and  ether.  It  is  scarcely  acted  upon  hf 
boiling  potash-ley,  but  fui>ed  hydrate  of  potassium  decomposes  it  immediately^  fonai^ 
aniline  and  acetate  of  potassium. 

Phesyiaoetamide  treated  with  hrmnint  yields  mono- and  di-bromophenylaect- 
amide  according  to  the  proportions  used  ;  similarly  with  eklorin*  (Milla,  Pvec  Bar- 
8oc.  X,  689. — Griesa  Ann.  Cb.  Pharra.  fxxi.  267).  With_/f;/n»i»^  nitric  octtf  ityidv 
iiitrophtnylact*taraide.     (Hofmann,  Proc.  Roy.  Soc.  x.  689.) 

FBBirrX-ACOirXTAMXSEa.     See  AcoMTic  Acu>  (i.  66). 
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XO  ACXB8.    Anilie  acid*. — Amic  acidB  having  the  hydrogen  mora 
or  \am  repUoed  bj  phenyl,  and  containing  the  elements  of  aniline  and  apolybacic  acid 
V  the  elementa  of  water :  «.  g. 
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TImj  an  pvodnced  either  by  direct  elimination  of  water  from  salts  of  aniline,  or  by 
beatiiiff  aniline  with  excess  of  the  corresponding  acids,  or  by  heating  the  eorreapondiDg 
phenyUmides  with  aqneons  ammonia  (see  Asno  Acids,  i.  167).  The  individual  phenyl- 
Mttie  acids  are  deecribed  in  connection  with  the  corresponding  primary  amic  acids  (see 
fJAgnAifTn  Acid,  i.  751 ;  Citric  Acid,  Awdks  of,  i.  1000 ;  Oxaxio  Acid,  iv.  281). 

^**—  *  ■-^^gT^fcM  or  AJIlJcZSBa.    Amides  in  which  }  of  the  hydrc^en  is 
zeplaced  by  phenyl.     They  contain  the  elements  of  neutral  salts  of  aniline  minu*  1,  2, 
AT  S  at  water,  according  as  the  acid  is  monobasic,  dibasic  or  tribasic :  e,  g, 
C'H'O) 


H     ) 

Pheayl-bentamld*.  Beosotte  ofulUne. 

(OH*/  In»      -       C«H«0«.2C^'K      -     2H«0. 
Phrarl-cuccin- 


Succinate  of  anUlM. 


\^        . 


C*HK>'.3<>H*N 
Cltr«taofulUBe. 


-     3H*0. 


(C-H»)« 

H'      J 
n»enyl-citruaMe. 

Thef  are  formed  by  dry  distillation  of  the  aniline-salts,  or  by  the  action  of  acid  anhy- 
drioea,  or  chlorides  of  acid-radicles,  on  aniline. 

PaBRTLnoDBS  or  Anils. — Tertiary  monamides  in  which  2  at.  H  are  replaced  by 
ft  diatomic  acid-radicle,  and  the  remaining  atom  by  phenyl.  They  are  produced 
fton  acid  salts  of  aniline  by  elimination  of  2  at.  water,  and  may  be  reguded  as  aniline^ 
ia  wliieli  2  at.  H  are  replaced  by  a  diatomic  radicle :  f .  g. 

(C*H*0»)" 


N       -       C*H«0*.(>H»N     "     2HK). 


Phen}rl-t  uodoiinld*. 


Add  succinate 
ofwnllin*. 


BMted  with  aqneons  ammonia,  they  take  up  1  at.  water  and  are  conTerted  into  the 
jOffresjMMidiiig  phenylamic  acids :  t.  g. 

C'«H»NO«     +     H*0       -       C'«H"NO". 
Fheayl-McelnhnUle.  PheDyl.iucclnamifl 

«ctd. 

FMUUfXiiiMTWBfc    Organic  bases  derived  from  ammonia  by  the  substitution  of 
OM  or  more  atoms  of  phenyl  for  an  equivalent  quantity  of  hydrogen. 

A.  Vlienyl-moaamlnAs. 

BSoBOpb«»yUuBlBe  or  Aniline.  OH'N  -  ^*{^*    OrystaUin*,  Kyand,  Sfn- 

Midam,Pkenamids,  .^miffopJMimsg.— ^Begarded  by  Griess  as  amido-bmMOU^  CH*(NH') 
hj  !«.  Gmelin  as  CH'N.H'.  (Undverdorben,  Pogg.  Ann.  viii.  397. — Bung^  ibid, 
nod.  65,  613;  zzxii.  331.— Fritssche,  J.  pr.  Chem.  xx.  463;  xxvil  168;  xxviii. 
90S.— Zinin,  ^id,  zxvii  149  ;  zxxvi.  9S.~Hofmann,  Ann.  Ch.  Pharm.  xlvii.  31 ; 
liu.8;  Ivii.  296;  Izn.  129;  Izrii.  61,  129;  Ixz.  129;  Ixziv.  117;  Ixzr.  Z66.—Beport on 
VkmkiU  frpdueta  and  Froeettts  in  the  International  EihibitUm  rf  1862,  p.  123.— 
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Muspratt  and  Hofmann,  Ann.  Ch.  Fharm.  iiii.221;  Ivii.  210. — Laurent,  Compt 
rend.  xvii.  1366;  Rev.  acient.  xviii.  278,  280.— Gerhardt,  J.  Pharm.  [3]  ix.  401; 
X.  6. — Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3]  xxir.  163. — Qm.  zi  246. — 
Gerh-iil  79.) 

HUtory. — Aniline  was  discorered  in  1826  by  ITnTerdorben,  who  obtuned  it  from 
indigo  and  called  it  crystaUinej  on  account  of  tiie  facility  with  wtuch  its  s&ltB  assume  the 
cr^'stalline  form :  the  name  anUint  is  derived  firom  anil^  a  Portuguese  name  of  the  indigo 
plant.  Aniline  has  been  especially  studied  by  Hofmann,  Fritzsche,  Zinin,  and 
Gerhardt,  who  hare  obtained  from  it  a  large  number  of  compounds  and  deriTati-VM. 
For  some  time,  however,  it  remained  au  object  of  purely  scientific  interest^  and  was  not 
upplied  to  any  technical  purpose;  but  within  the  last  ten  years  it  has  acquired  great 
industrial  importance,  and  is  now  manufactured  in  enormous  quantities,  on  ooconnt  of 
the  splendid  dyes  which  it  is  capable  of  yielding. 

Formation. — Aniline  is  produced  in  a  great  number  of  reactions:  1.  BylMating 
phenol  with  ammonia  in  a  bealed  tube  for  a  fortnight  or  three  weeks  (Laurent): 

€^•0     +     NH»       «      C^T^     +     H=0. 

2.  From  nitrobenzene  by  the  reducingaction:  a.  Of  solphydrie  acid  in  presenev 
of  alcohol  and  ammonia  (Zinin): 

C^»NO«     +     8H«3      =       C-H*N     +     2H«0     +     &\ 
$.  Of  nne,  in  presence  of  hydrochloric  add  (Hofmann): 

C«H*NO«     +     H«      «      C*3m     +     2HH) ; 
y.  Of  ferrons  acetate : 

C«H»NO'     +     6FeO     +     H«0       -       C^TJ     +     3Fe»0»; 
ferrons  sulphate,  oxalate,  and  chloride  do  not  exert  any  reducingaction  on  nitrobensene 
(B^charop,  Ann.  Ch.  Phys.  [3]  xlii.  186). — 8.  Of  a  hot  solution  of  arsenioos  add  in 
caustic  soda  (Wohler,  Ann.  Ch.  Pharm.  cii.  127): 

2C«H*N0»     +     3AsK>»     +     2H'0       «      2C^'N     +     8As«0* ; 

«.  Together  with  azobenzene  and  oxalic  add,  by  distilling  nitrobenzene  with  alooho&e 

potash : 

2C«H»N0^  +   C»H*0   +   2KH0     -     C^TJ  +   C^»N   +  C*KK)*  +   2HK); 

C  According  to  Letheby  (Chem.  Soc  J.  xri.  161)  nitrobenzene  is  oonvevted  into 
aniline  in  the  stomach. 

3.  By  the  dry  distillation  of  the  isomeric  compounds  phenyl-carbamic  acid 
(Fritzsche),  salicylamide  and  nitrotolaene  (hydride  of  nitzobensoyl)  (Hof- 
mann and  Muspratt): 

C'H'NO*      -r       C'H'N   +  C0«. 

4.  By  the  action  of  phosphoric  anhydride,  chloride  of  zinc,  or  hjdrodilorM  add  ob 
diphenylcarbamide  and  diphenyl-sulphoearbamide  (Hof m  an  n,  Proc.  Boj.  Soe.  ix.  S74): 

C»H»»NK)       =      C'fl'N     +     C^'KO. 

Dipheu]rl<csrtM-  AnlHoe.  Pbenylic 

midp.  ejranate. 

Ci»H"N»S       -       C^TJ      +      0^»Na 

Dl  phenyl  *>ulpho-  Anlllac.        Fhenytlc  iul|dM>- 

CATbamide.  CTaoate. 

fi.  By  the  distillation  of  azoxybenzene.    (Zinin,  i  479.) 

6.  By  distilling  indigo  per  se  (Unrerdorben),  or  wiUi  very  strong  aqneoa 
potash  (Fritzsche);  also,  by  distilling  isatin  with  potash  (Hofmann): 

C«H»NO     +     4KH0     +     H«0       -      O^HT?     +     2K«C0»     +     H*. 

IndiKO. 

C«H»N0»    +     4KH0  -       Cm^     +     2K«C0»     +     H». 

iMtln. 

7.  Aniline  is  found  among  the  products  of  the  distillation  of  eo&l(BQBge);  of 
peat  (Vohl,  J.  Pharm.  [3]  xxxvi.  319)  ;  and  of  bones  (Anderson). 

According  to  Phipson,  certain  fungi  of  the  genus  BoUttu  (J?,  r^anatmua  Md  B 
luridui\  the  ttasne  of  which  acquires  a  transient  blue  colour  when  triturated  in  eootoct 
with  the  air,  contain  aniline. 

Preparation. — 1.  From  Nitrt^mtzene, — Of  the  variona  modes  of  cottTOtting  tSta^ 
benzene  into  aniline,  the  redaction  by  ferrous  acetate  is  the  only  one  that  is  aov  SMd 
as  a  pnctioal  method  of  preparation.    It  is  by  this  method  indeed  that  th*  In^^w- 
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llitiM  of  anilini*  rrqnirfHl  for  the  nroductiuu  of  nailine  colours  «rft  prepared  Th«>  nitro- 
Ibeazrne  ia  niiziil  with  ac-rlic  acid  in  aij<t-iroti  veaaclis  ami  cast-iron  turuings  or  filingt 
•  T«ry  ^dually  HddfMl,  care  being  taken  tbftt  th«  beiit  produced  by  the  ruaction  doei 
;  rioe  too  high.  Equal  weights  uf  the  three  substances  ore  very  conreoient  pro- 
ortioDB  The  mixture  is  sooa  converted  into  a  solid  or  somi-solid  nuuw,  conMistiDg 
^riocipiilly  of  ferrous  acetate  snd  acetate  of  iiniline.  This  is  distilled,  either  alons  or 
rith  uddition  of  lime,  in  l&rs^  csst-iron  cylinders,  the  mass  being  gradually  mijietl  to  k 
'  Yril  hpuU  The  distillate  may  rary  in  compoeilion,  bat  it  generally  eonsuts  of  acetonp, 
Hniline,  unaltered  uitrQlieDZPoe,  and  other  produL'tn  arising  fh>in  the  impurities  of  the 
nitroln'ozrue.  If  the  iron  and  acetic  icid  are  used  in  great  CEXcess,  the  deoompoflition. 
as  ubnerved  by  Soheurer-Eestner,  may  go  too  £iu>,  so  as  to  reproduce  benasne,  w^fh 
■iniultaneous  erolution  of  ammonia: 

aOHTi   +   Fe«   +    3H»0     -     3C-H<   +    3NH"    +    Fe»0». 

The  crude  aniline  mixture  10  retiiatilled,  and  the  aniline  obtained  mifficifntly  pure  for 
mdimfacLuHu^  purposeii,  by  colleeling  the  po^tio^^  di.ililliii(?  b^lwt-eu  175''  and  190^ 
It  inti^  l>e  further  purified  by  dietillatiou  with  poTjuh,  and  suU>equ»*nt  reotifieation. 

According  to  A.  Kremer  (J.  pr.  Chem.  xc.  255),  nitroln^nx^'nc  mny  be  advantafrpously 
converted  into  aniline  by  me^Jis  of  zinc-dust  and  water,  without  ihH  aid  of  an  acid: 

C-H'(NO»)   +    Zu»   +    H*0     =     C'H'N   +    aZn'O. 

Kmm  2  to  2J  i)t«.  of  zinc-dust  (the  product  containing  from  80  to  95  per  cent,  of  the  metal 
which  pasN*fl  over  it  in  the  reduction  of  «inc-ure  af  the  commencement  of  the  distiN 
Itition),  are  heuted  with  h  pt«.  water  and  1  pt.  nitroK^nzf'np  in  a  r«tort  with  a  oonden- 
miir  tube  dircctrd  upwjinlp,  a  gpntle  heal  bt-ing  upplttnl  at  first,  and  afterwunlii  niiMrd 
tu  the  boiling  point.  When  the  truncformBtion  i^i  cjmpk'te  (which  may  be  known  by 
the  perfect  Bolubility  of  the  product  in  dilute  bydruobfnnV  acid),  the  aniline  (amounting 
to  63—65  per  cent,  of  the  nitrobenecne)  is  distilled  off  with  water.  The  rrdnction  may 
alwi  Imj  effected,  though  much  more  elowly,  by  iron  rwluced  with  hydrogen. 

2.  From  Coai'tar. — Aniline  exists  ready  formed  in  coal-tar  oil,  but  mostly  in 
small  quantity,  not  exceeding  1  per  cent.,  so  that  its  separation  cnnnot  be  ad\-an- 
tiigeourtly  porfomied,  excepting  when  very  lajge  quunlltiei  (from  1000  to  2000  lbs. )  an 
lo  be  ofK-ratfcd  on.  The  coal-tiir  oil  is  shaken  up  in  carboys  with  strong  hydrochloric 
ucid;  unil  the  wuCery  Isver  below  the  oil  ifi  removed  with  n  syphon,  fiiterpd  through  ctuirBe 
paper  and  distilled  with  excesn  of  sink ed  lime  in  a  ropprr  still.  The  dislillnte  thus 
obtained  in  a  tnixmre  of  ammonia,  pyridine,  picoline,  anilims  leuooline  (coHl-bir  chiuo- 
line.  iii.  583)  and  other  Iwsce  neiirly  allied  to  the  last,  the  three  first  mentioned  ba^es, 
or  the  ntliL^rs,  prinluminaling  iiccurling  a»  a  more  or  less  Tolatile  L-oal-tiir  oil  has  been 
U^od.  The  ew-fuUiMl  "doid  oil**  which  sink** in  wat-er(i.  1038)yields  when  thus  trt-utpd 
sfftrci'ly  anything'  but  nniline  and  leuroline  btises;  and  from  this  mixture  the  aniline 
nuiy  be  t»i'[MLrtittMl  by  the  procesb  descrilied  under  f^mousx  (i.  870). 

3.  From  /«r/;yi/.— Pulreriwd  Indigo  ia  introdurpd  into  very  strong  aqneons  potash 
contained  in  a  retort;  the  resulting  brown  mass  is  heated  as  long  as  ammoniacal  water 
and  a  brown  oil  pass  over  with  intum<*scence;  and  the  oil  is  separated  by  distillation 
into  a  brown  HMtnous  residue,  and  a  coluurlesa  distillate  of  aniline,  amounting  to  20 
]>er  cent,  of  the  iudigo.    (Fritzscho.) 

Projtfriif*, — Aniline  is  a  tranf)[«rent,  colourless,  mobile,  oily  liquid,  baring  a  faint 
Tinous,  not  unplfat>ant  odour,  and  un  anqnatic  burning  taste.  It  rftaiiis  its  mobility  at 
SO-',  but  solidifies  at  the  temtHratun^  of  a  mixture  of  ether  and  solid  carbonic  acid.  It 
boils  at  lfi2**  (Hofmann).  Specific  gravity  »  1020  at  Ifi*  (Hofmano).  1028 
(Fritzschc).  Vrtpotir-denaity,  obs.  =  3210;  calc.  (2  vol.)  «  3-234.  Index  of 
^'fraction  »  r577  (ilofmann).  It  is  a  non-condnctur  of  elrttricity.  Its  vapour 
burns  with  a  bright  but  bmoky  flame.  It  exerts  a  dt'leteriouii  HOlion  on  the  animal 
organism:  half  agniinme  mix»>d  with  1^  gnn.  of  watrr  and  iipnnkled  info  the  mouth 
of  a  rabbit,  produced  strong  cranips,  then  biborious  breathing,  lois  of  stn^ngth,  dilated 
pupiliS  and  inBamniHtiun  of  the  mucous  membrane  of  the  mouth;  when  dmpt  into  the 
eye,  it  does  not  dilate  the  pupil  (Hofmann).  According  to  Schuchardt  (Jahrpsb. 
1861,  p.  495),  frogs  immersed  in  water  containing  1  pt.  in  8000  of  aniline,  die  iu  two 
rr  three  HnufB.  Eight  drops  killed  it  AY>g  in  a  qoarter  of  un  hoar,  and  tbrt^e  drops 
applied  to  a  wound  in  the  back,  caused  death  in  two  hours.  A  dose  of  50  to  lOOdroM 
killM  nibhits  in  four  to  fix  hnor?.  According  to  Wohler  and  Frerichs  (Ann.  Oi. 
JHinrm.  Ixv.  343),  aniline  does  not  exert  any  poiAonuufl  action  upon  dogs.  The  aqueous 
fiulution  kills  leeches,  jind  parts  of  plants  immersed  in  it.     (Knngfl.) 

AniHntt  (JJANolvi'S  in  jiU  prcjxirtious  in  etkrr,  aUjvhitl.  tttood'ttpirit,  aettone^  tiUpkide  4if 
trrfntn  and  oih,  botli  fixed  aud  volatile.  It  is  tilightly  soluble  in  iLuiicr^  and  likewiftr 
takes  np  h  small  qtuintity  of  that  liquid.     The  Aqueous  solntion  baa  an  ezlfvmely  weak 
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alkaline  reaction,  affecting  only  the  most  delicate  teat-papers ;  it  does  not  blae  reddened 
litmus  or  redden  turmeric,  but  it  changes  the  violet  colour  of  dahlias  to  green.  Aniline 
dissolres  sulphur  abundantly ;  Heoph^horut,  camphor  and  colophony^  but  not  arsenic, 
copal  or  caoatchouc.  It  produces  a  bright  violet-blae  colour  with  chloride  of  time  and 
other  hi/pochloritee,  bine  vith  sulphuric  acid  and  aoid  chromate  of  potasaiuTHf  and  nds 
of  various  depth  and  brightness  when  heated  vith  tetrachloride  of  carbon^  stannie 
chloride^  arsenic  acid^  fumina  nitric  add,  Toercurio  nitrate^  and  some  other  salts. 
It  imparts  a  deep  vellow  colonr  to  pine-wood  and  eider  pith,  a  character  however 
likewise  exhibitedt  though  in  a  less  degree,  by  other  bases,  namely  conine,  dnnamine, 
leucoliDe  and  naphthylamine. 

The  aqueous  solution  of  aniline  precipitates  the  bases  fh>m  ferrous,  ferric,  sine,  and 
aluminium  salts.  With  platinic  and  palladious  chlorides  it  furms  yellow  double  aslts ; 
with  chloride  of  gold  a  red*brown  double  salt ;  with  mercuric,  antimonic  and  stannic 
chlorides,  white  double  salts.  It  forms  with  infusion  of  galls  a  brownish-yellow  floe- 
culent  precipitate,  soluble  in  alcohol  and  in  hot  water,  and  coagulates  albumin. 

Decompositions, — 1.  When  aniline-vapour  is  passed  through  a  red-hot  ^ass  tube, 
charcoal  is  deposited,  ammonia  and  hydrocyanic  acid  are  given  oS,  and  a  brown  liquid 
condenses  in  the  receiver,  which,  after  the  undecomposed  aniline  has  been  aatorated 
with  an  acid,  yields  by  distillation,  benzene  boiling  at  80°,  and  benzonitrile  (cyanide 
of  phenyl)  boiling  at  lflO° — 196°.  The  formation  of  the  latter  is  probably  due  to  the 
action  of  the  hr<5ocyanic  acid  on  another  portion  of  the  aniline,  CrHTf  +  CNH  •< 
CH'N  +  Kit*.  A  small  quantity  of  an  indifferent  crystalline  substance,  and  an  oily 
base  of  high  boiling  point  are  likewise  found  among  the  products  of  the  decompoaitioB. 
(Hofmann,  Proc.  Roy.  Soc.  xii.  383.) 

2.  When  exposed  to  the  air,  it  turns  yellow,  red  and  brown,  and  fonna  a  renn 
which  dissolves  with  yellow  colour  in  water,  the  change  taking  place  more  quickly  as 
the  temperature  is  higher:  hence  in  distilling  aniline  it  is  necessary  either  to  use 
A  brisk  fire,  or  to  pa.s8  a  6trPAm  of  hydrogen  or  carbonic  anhydride  through  the 
apparatus. 

3.  Aniline  treated  with  dilute  sulphuric  acid  and  peroxide  of  manganese,  yields  a 
small  quantity  of  quiuoue  together  with  ammonia: 

C^H'N   +   0»     -     C^*0»  +   NH*. 

The  greater  part  of  the  aniline  appears  however  to  undergo  a  ftirther  deoompoaitaon 
(Hofmann,  Proc.  Roy.  Soc.  xiii.  4).  The  formation  of  ammonia  in  this  reaction  was 
also  observed  by  Matthiessen  {ibid.ix.  637). 

4.  Aniline  takes  fire  in  contact  with  chromic  anhydride  (CrO*),  and  bums  with  a 
bright  flame  and  agreeable  odour,  leaving  a  readdae  of  green  diromic  sesqnioxide,  dK)*. 
(Hofmann.) 

6.  An  aqueous  solution  of  chromic  acid  toncm  with  aniline  or  its  aaltf,  a  green,  Une^ 
or  black  precipitate,  according  to  the  concentration  of  the  solution  (FritsscKe). 
Aniline  or  an  aniline-salt  moistened  on  a  porcelain  dish  with  a  few  drops  of  smlphmrie 
acid  and  solution  of  potassic  chromate,  produces  a  bright  but  transient  bine  eolontioB 
(BeissenhirtK.  Ann.  Ch.  Fharm.  Ixxzvii.  376).  On  this  reaction  is  foonded  tha 
preparation  of  mauve,  or  aniline-purple  discovered  by  Ferkin  (see  Appendix 
to  this  article). 

6.  With  solutions  of  alkaline  hypochloritrs,  chloride  of  lime,  for  examine,  aniline 
exhibits  a  deep  violet-purple  coloration  gradually  passing  into  dingy  red  (B«ngsi 
This  reaction  affords  a  very  delicate  test  for  aniline ;  it  is  likewise  ezfaibited,  tbona 
still  more  transiently,  by  aniline-salts.  The  puzple  colour  is  not  altered  by  aDabs; 
acids  change  it  to  red. 

7.  A  solution  of  aniline  in  dilute  sulphuric  acid  is  essily  decomposed  by  the  eleetrie 
current ;  and  if  a  drop  of  the  solution  be  laid  on  a  piece  of  platinum  fbil  oonnected  witk 
the  positive  pole  of  a  small  Grove's  battery  (one  pair  is  sufficient),  and  the  negatrra 
terminal  also  dipped  into  it,  the  liquid  immediately  assumes  a  fine  blue  colour  (maag- 
ing  to  violet  ana  rvd,  the  colours  being  very  bright  in  strong  solutions,  and  ftflbrdiagm 
very  delicate  test  for  sniline.  The  colouring  matter  is  ultimately  deposited  oa  Uis 
platinum  foil  as  a  blackish-brown  powder,  insoluble  in  water,  aloohol,  ether,  mad  sfli' 
monia,  but  soluble,  with  blue,  green  or  violet  colour,  in  strong  sulphuric  acid,  whenes 
it  is  precipitated  hj  water  as  a  dingy  green  powder ;  it  is  partially  decdariaed  by  Zf" 
ducing  agenta.    (H.  Letheby,  Chem.  Soc  J.  xvi,  161.) 

8.  Aniline  treated  with  a  mixture  of  potassic  chlorate  and  IMroeklorie  aeid  tixna  a 
red  resinoos  substance  containing  trichlorophenic  acid  and  perehloroqniaooib 
from  which  the  former  may  be  dissolved  out  by  boiling  alcohoL 

9.  Aniline  is  decomposed  b^  nitric  add,  and  when  evaporated  at  100^,  leftTMftfarws- 
black  residue  (Range).     It  is  immediately  reddened  by  stxoug  Bitrie  arid  (ZiaiB). 
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I  It  acqairet*  a  transient  blue  and  greeo  coloor  bj  trutment  with  atrong  nitnc  add 
fi?'ritsiclie).  With  m  Kmull  quunltty  of  fuming  nitric  acid,  it  immedi&telj  forms  a 
deep  azuro-blue  mixture,  which  when  very  slightly  wurmed.  turns  yellow,  booomea  hot, 
sirf>«  uff  gu4  with  rtolence,  then  nssniUN  a  scarlet  colour  conlinaaUy  increaviog  in 
Lriglmiess,  aud  depusits  picric  acid  (Hofmano).  Aniline,  dissolrra  in  moderately 
strung  nitric  acid,  likewise  passes  into  spontaoeous  ebnllition  on  the  application  of  a 
gentle  heat,  gives  off  nitrous  Tapoors,  and  when  tbst  action  c«ases»  is  found  to  bs  eoa- 
Tcrti^]  into  picric  acid  (Hofmann  and  Muspratt): 

OH'N     *     6NH0»       -       OH^NC/O     +     4NH0«     +      3H«0. 

Nitric  acid  healed  with  excess  of  aniline,  or  nitrat«  of  aniline  heated  with  aniline  to 
150O — 150^  for  seyeral  hours,  forms  a  beautiful  violet-red  Bubstance,  which  is  one  of  the 
varieties  of  aniUne-red.  A  similar  colouring  matter  is  obtained  by  heating  aniline  with 
virreuru:  or  rtureurous  nitratr^  with  nitrate  of  lead,  nitrate  of  silwr,  aramic  acid, 
stannic  cAicridr,  aniimonic  nitrate^  and  a  variety  of  other  salts.  All  these  red  coloun 
have  lieen  shown  by  HofmaoD  to  consist  of  various  salts  of  roaanilice,  CH"y  (see 
Appendix  tu  this  article). 

10.  Citrous  acui  acts  upon  aniline  in  various  ways  according  to  th'>  manner  in  which 
the  two  bodies  are  brought  together:  a.  When  hydrocMorate  of  aniline  is  treated  with 
nUriUufaHiXT  or  nUritf  of  pi4fi*siHi%  nitrogen  is  evolTed  and  phenol  ia  formed, 
together  with  a  met^lic  chlunde  and  water  (T.  S.  Hunt,  Sill  Am.  J.  [2]  riii  373. — 
UofmuDo,  Cht-m.  Soc.  J.  iil.  232): 

C^H'N.HCl     +     AgNO»      «       C"H*0     +     AgO     +     H«0     +     N*. 

According  to  Hont,  phenol  is  likewise  obtained  when  nitric  oxide  is  passed  into  a 
dilute  aqueous  solution  of  nitrate  of  aniline : 

OH'N      +      HNO»       -       CH-0     +      H*0      +     N« ; 

but  according  to  H  o  f  m  a  n  n,  the  whole  or  Lho  greater  part  of  the  phenol  thus  produced 
is  converted  into  mononitrophenol  by  the  free  nitric  acid  pr««ent. 

According  to  Matibiessen.  however  (Proc  Boy.  Soc.  ix.  118),  the  action  takes  place 
\>y  two  stages,  the  nniline  in  the  first  inst&nce  reacting  merely  with  water,  to  produce 
ammonia  and  p  b  <>  n  o  1 : 

C*H'N     +     HK)       -      H«N     +     C«H«0, 


while  in  the  second  sta^,  the  ammonia  and  nitrons  acid  net  on  one  another  so  as  to 
form  water  and  free  nitrogen:  H'N  +  HNO"  =  2H*0  +  N*,  and  the  phenol  is 
conx'erted  by  the  tree  nitric  acid  into  nitrophenoL 

In  like  manner  a  solution  of  nitrate  of  amylaniline  is  converted  by  nitrons  acid  into 
amylamineand  phoDol,  the  action  in  this,  as  in  the  former  case,  consisting  in  arepli 
moot  of  phenyl  by  hydrogen: 

AmjrlanlHiw^  Am>lsinljw.  Phenol. 

and  the  amylamine  being  subwquently  converted  by  the  same  mode  of  action  into 
ammonia  and  amylic  alcohol.  Similar  reactions  take  place  onder  the  influence  of 
tiitric  acid:,  of  p^roxid^  of  ntantjaneae  imd  suipkuric  arid,  cX potamie  permanganate,  and 
of  caustic  potash.     (Matlhieesen.) 

fi.  Nitrous  acid  passed  into  on  alcokolic  solution  of  aniline  oonvnts  it  into  aso- 
diphenyldiamine,  C'''1]"N\  a  base  formed  from  a  double  molecule  of  aniline, 
C'''H'^N\  hy  the  eubiHtitution  of  I  nt.  nitrogen  for  3  at.  hydrogen: 

2C-H'N     +     HNO»       -       C"H»y»     +     2H*0. 

tiirailar  reactions  take  place  with  the  bromo-.  chloro-  and  nitro-phenylaminea.  and  with 
all  thehomologuH  of  aniline,  the  general  equation  for  the  reaction  being: 

BCH^-'N      +     HNO»       -       C^H'^'^N'     +     2HK) 

(Qrieas,  Ann.  Ch.  Fharm.  cxiiL  334;  snppl.  i.  100).  When  nitrous  acid  is  passed 
into  a  mixture  of  aniline  with  about  four  times  its  volume  of  alcohol,  the  azodiphenyl- 
diaminefiivt  produced  i'^  ultimately  converted  into  axopbenylami  ne  (or  diamido- 
benseneX  C*H*N»  «   (C'H*N")N: 

C«H"N»     +     NHO»       -       2C*H*1^     +      2H«0. 

1 1.  Chtorifif  BOB  passed  ihroi^h  dry  aniline,  converts  it,  with  great  rise  of  tempera- 
ture and  eTolution  of  hydrorblorir  acid,  into  a  bltick  viscid  tar.  which  ntnp(»  upthogns- 
delivery  tube.     If,  m  order  to  prevent  this  accident,  the  chlorine  be  passed  through 
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aniliDe  mixed  with  water,  or  diMwlved  in  hydrodilorie  acid  or  in  tXeahtA,  the  liqii^ 
which  assomes  first  a  blue,  than  a  black  colour,  dsponta  a  Uttck  tar,  wbiefa  on  toota^ 
iwlidifles  into  a  brittle  resin ;  and  this  resin  durtiUed  with  a  amaU  qoantitf  ttms, 
yields  trichloraniline,  afterwardi  UquRfips,  leaves  a  residoe  <tf  diarooal,  and gifH 
off  hydrochloric  add  and  trichlorophenic  acid  in  the  form  of  •  yellow  tftntn 
oil  which  oystaliises  on  cooling  (Hofmann) : 

C^Tf   +  Cl«     -     OHK31"N  +   8HC1; 
TrichturaDlllne. 
and: 

C^'N   +  a*   <■   HK)     -     OH»C1»0  +   2HCI   ♦    NHHJL 

TrichkmMihme 
acid. 

Trichloraniline  appears  also  to  be  formed  when  aniline  is  diatilled  with  hydrodilan 
acid  and  peroxide  of  manganese.     (Hofmann.) 

12.  Bromine  furms  with  anhydrons  aniline,  with  grrat  eTolation  of  heat,  a  \mm\ 
solution,  which,  if  the  quantity  of  bromine  is  sufficient,  solidiflea  to  »  nuxtnra  of  fiulf 
crystalline  tribromaniline  and  hydrobromic  acid  (Fritaaehg).— BM»sii'a#aaiif 
added  to  aniline  dissolved  in  hydrochloric  acid,  forms  a  oonbidenble  qaantity  of  bjdnh 
bromic  acid,  and  a  precipitate  of  tribroraaoiline  which  quickly  beoomea  enstak 
line;  the  same  substance  is  deposited,  after  boiling  aniline  with  excpsa  of  faydtofanNue 
acid,  in  the  furm  of  a  dark  coloured  oil  which  crystallises  on  cooling  (Hofmaan).— 
13.  The  dark  brown  Holution  of  iodine  in  aniline,  the  formation  of  which  is  attended  «i& 
great  rise  of  temperature,  soon  deposits  lon^  needles  of  hydriodate  of  aniliie 
(Fritzsche,  HofmannX  while  the  mother-hquor  retains,  together  with  a  poztioB«f 
this  salt  and  free  iodine,  an  iodoretted  brown  amorphous  main,  together  with  hydrio- 
date of  iodaniliue: 

OH'N  +   P     =     C«H*IN.HT. 

14.  Cyanogtn  acts  differently  from  chlorine,  bromine  and  iodine,  not  roDOfiag  a 
portion  of  the  hydrogen  and  taking  its  place,  but  uniting  directly  with  the  aniHneai 
forming  the  compound  C*H'NCy  ~  C*H'N*,  called  cyananiline,  which  ia  alsolasie 
and  forms  salts  with  acids. 

15.  The  bromdea  and  iodides  of  thf  alcohai-radi^ea  heated  with  aniline  give  rise  to 
substitution- products  in  wbieh  one  or  two  of  the  typical  hydrogen-atoma  of  the  aniline  in 
replaced  by  alcohol-radicles,  r.  a.  ethylaniline  (C*1I*XC*HMHN,  dlamylanilias 
{C-H»XC*H")*N,  mothyl-ethyl-aniline  (C«H»)(CH»XC'H»)N,  ITxeee  conpovwU 
are  bases  like  aniline  itself:  thoms  in  which  the  whole  of  the  hydrogen  is  replaeKl  bf 
alcohol-radicles  unit«  with  the  iilcoholic  iodides,  forming  iodidea  of  haaea  belongicg  to 
the  ammonium-type;  thus  diethylaniUne  with  iodide  of  ethyl  forma  the  iowd«  d 
triethyl-phenylammonium(C«H*XC^H*)'NI.     (Hofmann.) 

16.  Ajiihne  heated  with  bromide  of  t  thy f /me  yieldB^  besides  hydrobromate  of  anilbfi 
the  hydrobromates  of  three  bases,  baring  the  same  percentage  compoaition  CIPN-fiBr, 
and  separable  by  their  different  degrees  uf  solubility  in  alcohol,  the  flrat  beii^ 
soluble  in  cold  alcohol ;  the  second,  which  forms  the  chief  part  of  the  product,  being 
insoluble  in  cold,  but  soluble  in  boiling  alcohol :  the  third,  inaolnble  in  alcohol  erei 
at  the  boiling  heat.     Their  formation  is  represented  by  the  equation : 

2C«H'N  +   C«H<Br»     -     OH'N.HBr  +   C»H»N.HBr. 

The  second  of  these  bases  is  shown,  by  its  reactions  with  bromide  of  ethylene^  iodideflf 

methyl,  &c.,tocon8ist  of  die  thy  leu  eniipheny  Miami  ne^C"H*'N*  »  /nins^C^i 

the  first  iaprobably  ethylene-phenylamineC*H*N',  and  the  third,  trxethyleat- 
triphenyl-triamine  C^'H-*^'.  Bromide  of  ethylene,  heated  with  a  laige  czccn  of 
aniline,  forms  ethylene-diphenyl-diamine,  according  to  the  equation  iC^EPK  <*■ 

((?H*)") 
C»H*Br*    -    (C«H*)nN»  +   2(C?H'N.HBr).    (Hofmann,  Proa  Boy.  Sot  ix.  277; 


X.  lOi).  The  formation  of  a  base  having  the  composition  CH'N,  hj  the  actioarf 
chlorine  on  chloride  of  tthylene,  had  previously  been  observed  by  NatanaOB  (Aib 
Ch.  Pharm.  xcviii.  202). 

17.  Aldehyde  (oxide  of  ethylidene,  CH'O)  acts  upon  aniline  in  a  simiUv  maaafi^ 
producingtwo  compounds  isomeric  with  the  ethylene-bases  just  mentioned,  but  diffining 
from  them  in  properties,  and  related  to  them  in  the  eame  manner  as  aldehyde  to  oslds 
of  ethylene,  that  is  to  say,  containing  ethylidene  instead  of  ethyleneu  With  safnwUr* 
ht/de,  atnanthol,  benzoic'  aldehyde  (bitter  almond  oil)  and  other  aldehydes^  aaalogoai 
Inactions  are  produced,  re^ultrng,  however,  in  each  case,  in  the  furmation  of  onJIyoas 
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and  an&loguuB  to  the  preoeding,  Dunel^  a  compoand  ooptaining  2  at.  of  iIh 
i^e-radlde,  the  geoeial  equalioo  uf  the  reactiou  beiug  : 

2[<^:|n]     .     OH-O       -      (g'«7|N.     .     2HK). 

"^'x^  acetones  fit  l^i'jnt^  no  such  rea<!tion  takes  place  (H.  Schifl^  Aon.  Ch.PharnL 
SuppL  iii.  342).    See  Phbnyl-diaminrs. 

18.  Aailiae  heated  with  an  equal  Tolurae  of  chlamf&rm  to  180° — 190°  in  %  scaled 

(CHr  ) 
tube,  yieldiihjdixichloratoof  ff*rnivl  -dipheny  I -diamine  (OH*)*  J-N'jtogether  wiiU 

H      S 
hydrodil orate  of  unilinc  (Hofmano,  Ux.  cit.): 

4C«H'N   +  CUCl"     -     C'»H'«N«HCI   +   2(C*HT^.HC1). 

19.  Tetrack/oridr  nf  carbon  heat^'d  with  three  times  its  rulume  of  aniline  for  about 
thirty  houFB  to  170° — 180°  yiol'hi  a  bUckish  masa  partly  soluble  in  wjitrr.  From  th« 
M<]iieoua  solution,  jvliish  Kepantes  an  oilj  precipitate  which  when  distilNsi  with  potash 
pvM  off  a  eonnidintble  quitntity  of  un^tered  anilioA,  whilst  a  viscid  oil  rcmuina 
behind  and  gniduiUly  solidiftcs  To  a  crystalline  mass,  which  wbrn  waslied  with  cold 
alcohol  and  cry staJ limed  two  or  three  times  from  boiling  alcohol,  yielda  a  perfectly  white 
cryrtallioe  body  constBMng  of  carbotriphenyliriamiDe  C'll'N',  whilBt  tlie 
alcohol  retaini  in  solution  a  substance  of  a  magnificent  crimson  colour.  The  forma- 
tion of  carbotriphenyltritimino  is  reprceeuted  by  the  equation  : 

O'     ) 
eOH'N   t   Ca«     «     (C-H*}nN«   +  3(C«H'N.HCn)     +     HCL 

m    J 

Tile  portion  of  the  bWk  mass  which  is  iiutoLoble  in  water,  disaolres  almost  entirely 
in  dilute  hydrochloric  acid,  from  which  it  is  precipitated  b^  alkalis  as  an  amorpboua, 
pink  or  dingy  precipitate  soluble  in  alcohol  with  a  rich  crimsun  colour.  The  greater 
portion  of  iUih  body  consiata  of  the  eMime  colouring  principle  which  accompauitd  the 
white  cr^'Btallina  substance.    (Hofmann,  Proc  Roy.  Soc.  ix.  284.) 

20.  With  chloride  of  carhoni^l  (phosgene  gas)  aniline  yields  a  mixture  of  bydrochlo- 
Tate  of  aniline  and  dipheny  Icarbamide,  pi:rha[>s  thutt : 

SC'H^N   +   C0C1»     =     (CO)"'(C-H»)rEl'N«  +   C«H»N.HC1  +   HCL 

21.  Dry  gaseous  chloride  of  cyanogm  convertK  anbydroua  aniline  into  melanilins; 
with  an  aqueous  solution  of  tho  gas,  aniline  furms  pheny  Icarbamide  (Hofmann); 

2C«H'N   +   CNa     «     C'»H'»N".HCL 

ADliine.  HvdrocMur«t« 

of  tneUniUne. 

2C«H^   +   CNCl   +   HK)    -    (COr((>H»)"H'N«   +   C*H'N.HCL 

AnlUnc  Pbntyl-carb-  U]fdrocblor«t« 

•mUle.  ufnuMiaa. 

Dry  diloride  of  cyanogen  passed  through  an  t*ther«a!  solution  of  aniline  cooled  wi*'h 
ice,  forms  cyauilide  C*U*CyN,  aud  hydrochlorate  of  aniline  (Cahours  and  Cloez, 
Compt.  rend  xxxviii.  364): 

2Cn'N   +   Cya     -     Cm-CyX  +  CHW.Ha 

22.  Bromide  of  cyanogtn  Ac\ja  xiipoxi  aniliQe  like  Tolatile  chloride  of  cyanogen,  form- 
ing hydrobromate  of  melanilin«<,  and  [in  pretence  of  water?]  a  small 
quantity  of  phenyl-carbamido  (Hofmann). — 23.  Iodide  of  cyanogen  fonas  with 
aniline;  iodaniliae^  a  brown  prudact  coutaiuiug  iodine,  and  hydrocyanic  acid 
(Hofmann). — 24.  When  p'fgulphocyanie  and  (p.  374)  is  heated  with  anhydrous 
aniline,  the  mixture  ninltit,  and  KolidiftHt  on  cooling  into  a  maHA  which  diasolves  in  boiling 
alcuhol  and  ether,  aud  vhun  boiled  with  wuter  containing  n  little  potash,  leares  a  residue 
of  (•tilphur,  and  yields  a  filtrate  from  which  hydrochloric  acid  precipitates,  together 
with  Nulphur,  cr^stalUne scales  which  dissolve  in  boihng  alcohol  aud  elJjer.  (Laurent 
and  Gerhardt,  Ann.  Ch,  Phys.  [3]  ixiv.  198.) 

25.  With  (*xt/chfonde  of  pkosphoru*^  anhydrous  aniline  forms  tripheoyl-pbos* 
phamida  sjid  hydrochlorate  of  aniline: 

(PO)") 
6(C«H».H«.N)   +   P0C1«     =.     3(C^TJ.HC1)  +  (C«U*)"}-N». 

H'     ) 

With  sttlphochioride  o/p^sphorvs^  a  white  mass  is  formed  containing  hydruchloraU 
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of  anUine  and  probably    tripbenjl-flalphophoaphamide,    (P8)"(G*H*)*N*m 
(Schift  Ann.  Ch.  Pharm.  d.  299.) 

26.  Chloride  of  bensoui  cooTerts  aniline  into  a  muEtore  of  hydiochlorate  of  anilina 
and  phenyl-benzamide,  (CHH}XC*H*)HN.  In  like  manner  with  the  chloridea 
of  cmnyl,  cinnamyl,  and  anityl,  aniline  yields  phenyl-oumylamide,  phenyl-cinnamid^ 
and  phenTl-anisamide. 

27.  "With  suljjhGphenj/lie  ehloridej  C*H'30K!l,  it  fonnsphenjl-snlphophenyla- 

O-H*    )  (CH*/>w 

mine.  C«H*SO«>N,  or  thiophenylamic  acid,    (SO/  >}:  (Chioiaa  and  Biffi, 

H      3  H    )" 

Oerhardft  TraiU,  in.  981): 

C«H'N  .C«H»SO«a       -      C"H»NSO«     +     HCl. 

28.  Strong  sulphuric  acid  conrerta  aniline  into  phen^l-Bolphamic  acid, 
C*H'NSO*,  which  when  heated  with  excess  of  filming  sillphunc  acid,  yielda  phenyl- 
disulphamic  acid,  C«H'NS>0*  (Buckton  and  Hofmann,  Chem.  Soc  J.  iz.  260). 
26.  With  phosphoric  anhydride  it  appears  to  form   phenyl-phosphamic  acid, 


(>H«NPO»  -  (PO)'">JJ   (Ann.  Ch.  Pharm.  cia   168).     27.  Heated  with  Tarioas 

organic acidSf  it  also  forms  the  corresponding  phenylamic  acids  (p.  419). 

29.  W\\h  cyanic  acid,  aniline  formsphenyl-carbamide,  (C0)''(OH*)H"N«,  o» 
diphenyl-carbamide  (CO)''(C*H*)'H*N',  according  to  the  dfcnmatancea  ot  the 
reaction  (i.  766). 

30.  With  sulphide  of  carbon  it  forms  phenyl-sulphooarbamide,  (CS)*(C*H»)» 
H'^N*  (Hofmann,  i.  766).  The  same  compound  is  produced  by  distilling  a  mixture 
of  HDilinp,  sulphuric  acid,  and  sulphocyanatp  of  potassium.  According  lo  Croaaley 
(Chem.  News,  iv.  19G),  a  mixture  uf  aniline  and  sulphide  of  carbon  is  conreited  in  a 
few  days,  with  evolution  of  sulphuretted  hydrogen,  into  a  cream-coloured  fktty  subetaoee, 
which  on  addition  of  fuming  nitric  add  yields  a  dirty  brown  and  a  crimson  compomid. 

31.  A  solution  of  aniline  and  quinone  in  a  large  quantity  of  boiling  alcohol  d«'podta 
oystals  of  diphenyl*qQinoyl-diamide,  while  hydroqninone  remains  in 
BolutioD : 

{C^Wf  ) 
2C«H'N     ■».      8C«H*0«      -      (C«H«0"/'  In*     +     2C^«0». 

IP      ) 
Aniline.  Quioimc.  DIpheDrl-^alnojrW         HydroqidaoBa. 

dUmkle. 

32.  Withj)er«A/or0^nofl«(ch1oranil),ani]ineform«  diphenyl-diehloroqninoyl- 
di amide  and  hydrochlorate  of  aniline: 

(C-H*)»   ) 
4C«H'N     +     CH^<0«      -      (C^l*0»)''fN»     +     a(C-HTUCl> 

H»      J 

^Hofmann,  Proc  Boy.  Soe.  xiil  4).     This  latter  reaction  was  first  studied  by  Hesas 
(Ann.  Ch.  Pharm.  cxiv.  292),  who  regarded  the  amide  produced  in  it  aa  diehloro- 

quinoyl-pentaphenylpentamide,(C^»)»(CH;i«0«)»H«N». 

Salts  of  Aniline.  These  salts  may  be  regarded  either  as  compounds  of  aniHiM 
with  acids,  or  of  phenyl -ammonium,  C«H*N,  with  acid  radides:  s,g,  C*HTJ.HC1  - 
C*H'KC1.  They  are  all  soluble  in  water  aiid  alcohol,  and  most  of  them  ei7«taUiia 
with  great  fitcility:  henoe  the  name  crystalline^  originally  applied  to  aniline.  Aailiaa 
•alts  are  mostly  colourless,  but  turn  red  when  exposed  to  the  air,  eapedally  if  they  an 
moist,  acquiring  at  the  same  time  a  faint  odour.  With  hypochlorite  of  calrinBi  aad 
chromic  acid  they  exhibit  the  colour-reactions  already  described  (p.  423).  and  when 
mixed  with  an  add,  colour  ftrwood  and  elder-pith  deep  yellow. 

Acetate  of  Aniline  is  uncrystaUisable. 

Tht  bromhydrate  or  hydrobromate^  CH'N.HBr,  forms  well-deflned  ajitali 
usually  having  a  violet  tin^e,  and  somewhat  lees  soluble  than  the  bydrodilonte.  It 
ma^  be  sublimed  without  aecomposition. 

The  butyrate  is  an  oily  salt,  sparingly  soluble  in  water. 

Carbonate  of  Aniline  doM  not  appear  to  exist  

Chlorhydrate  or  Hydrochlorate  of  Aniline,  C:*Wl^M<^<n(yBPH(X^a'm 
needles  very  soluble  in  water  and  alcohol,  and  capable  of  subliming  withoat  decuMfft 
eition.  It  formn  with  trirh'oride  of  gold  a  yellow  precipitate  which  qnicUy  tarm  hfOWi* 
with  pintinic  chloride  in  cold  concentrated  solutions,  an  orange-yellow  errttaUim  P^i 
and  in  dilute  or  warm  solutions,  beautiful  yellow  needles  of  the  nitoniplitinattb 
2CH''NClPt"a«. 
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CiiratM  of  Aniline,  OH^.C*HH)'  or     C*H-N    Vo*.— An  alcohoUo  aolutioa  at 

'  1  at  eiCrte  acid  mixed  with  1  at  aniline  containing  a  small  qnantitjr  of  wat«r,  dn'ee  up, 
'  in  Tacao  over  oil  of  vitriol,  to  a  riscid  brown-red  mass,  in  which  cryatals  bfigin  to  ap- 
pear aftfr  a  while,  nltiinately  filling  th«  entire  masa.  This  cryntalline  prodact  is 
trituratf^  with  a  flmall  qnantiry  of  aloobol,  the  liquid  f(qiieez«*d  oQt  through  linen,  the 
residue  dis^iolTed  in  strong  alcohol,  and  the  noltition  left  over  oil  of  rilriol  till  it  crystal- 
lisM.  Ii  forms  slender  needles  united  in  rounded  groopfl,  nidting  at  a  tcniperatun*  a 
little  below  100°  Ti*ry  aolnble  in  alcohol,  and  HtiU  more  in  water.  Heated  to  a  U^m- 
pemtore  between  140^  and  150°,  itgirea  off*  water  and  yields  eitranilie  acid  (i.  100). 

The  dibattic  aud  tribasic  citntes  of  aniline  do  nut  appear  tu  cr}'stalliBe.  (Febal, 
Ann.  Ch.  f  barm.  Ixxxii.  91.) 

Fluosilicate  of  Aniline  appears  to  bo  produced  by  th#  direct  combination  of  ani- 
line with  fluoride  of  silicon.  03  pta.  of  aniline  absorbing  d3'3  pta.  of  the  fraa,  and  formins 
•  slightly  yellow  moss  which  may  be  sabUmed,  diaBolTes  spanngly  in  boiling  alcohol,  and 
ia  deposited  therefrom  in  small  shining  UminB.  Water  decompo««s  it,  separating 
gelatanoun  silica.  When  moistened  with  ammonia,  heated,  and  calctued*  it  learea  but 
a  rciy  slight  residue  uf  eitica.  Lanrent  and  Di^tbos  (Ann.  Ch.  Phys.  [3]  xrii.  101), 
vbo  prepared  this  compound,  regarded  it  as  phenyl -fluoeibcamide  or  Hiioifilic&nilide, 

lodkydraie  or  flydriodate  of  Aniiine^  C'H"NI.  forms  needles  rery  soluble  in 
water  and  alcohol,  less  soluble  in  ether. 

Mtllitate  of  Aniline.     Aqueous  aniline  forms  with  aqaeons  melliticacida  turbid 

liquid  which  gradually'  deposita  scales  resembhng  benzoic  acid.     These  crystals  diasulre 

easily  in  water,  also  in  hot  aleohol,  but  the  salt  no  longer  crystAllisee  therffrom.     It 

turns  yellow  at  105^  and  gives  ufTHniliae.     Itappears  to  bean  acid  salt,  C*H(C*H*N)0*. 

I      Hitratt  of  Aniline,  CH^N.NHO*,  separates  after  soma  time  from  a  mixture  of 

f  aniline  and  dilute  nitric  acid,  in  concentric  needles,  which  may  be  purified  by  preasnre 

I  l>t:tween  folds  of  bibulous  paper.     The  mother-liquor  is  red,  and  an  effioreecence  having 

]  a  fine  blue  colour  forma  on  the  sides  of  the  basin.     The  crystals  do  not  snffer  sny  Iocm 

of  weight  at  150°;  at  a  somewhat  higher  temperature,  the  suit  sublimes  unaltered,  but 

at  190°  waler  is  given  oS,  together  with  a  tarry  liquid  ^m  which  nttranilino  may  b« 

•xCrocted  by  hydrochloric  acid  (B^champ,  Compt  read.  lii.  660) : 

The  salt  heated  with  aniline  is  converted  into  nitrate  of  rosaniline  (see  Apncrun  ro 
PamcTULiiiMBS.  With  aqueooa  chl<^ridf  nf  iodine  containing  a  slight  exceas  of  iodine, 
it  yields  a  bluish-green  precipitate,  quickly  turning  black,  and  containing  (a)  a  sub- 
stunce  soluble  in  sulphiae  of  carbon,  and  crj'stallising  therefrom  in  nearly  culourlt^a 
needles  containing  16*7  per  cent  carbon,  107  hydrogen,  6623  iodine,  3'22  nitrogen, 
and  13'82  oxygen;  {b}  a  purplish  substance  crystallising  in  Uiminie,  insoluble  in  sul- 
phide of  carbon  ;  and  {e)  a  dark-coloured  amorphous  body.  The  same  products  ar« 
obtained  by  tho  action  of  chloride  of  iodine  on  the  oxulate,  and  probably  also  on  other 
salts  of  aniline.     (Stenhouso,  Chem.  Soc  J.  xviL  32S.) 

Oxalate  of  Aniline,  2Cflra.C*H»0^  =  C'(C«H'N)'0*.— A  boiling  alcoholic  soIq- 
tion  of  oxalic  acid  saturated  with  aniline,  yields  a  magma  of  crystals  which  may  be 
purified  by  washing  with  alcohol,  and  jireasore  between  paper.  From  a  hot  satumted 
aqueous  solution,  the  salt  cTytfialllBtis  tn  stetlute  groups  of  oblique  rhomboidal  prisma. 
It  is  anhydrous,  moilerately  eolublt*  in  hot  water,  sparingly  eolablo  in  alcohol,  insolable 
in  Kber.  The  aqueous  solution  btjoomee  uiud  spontaneously  and  deposits  a  brown 
powder  on  exposure  to  the  air.  When  heated  rather  strongly,  it  gives  off  anfline,  water, 
carbonic  oxide  and  carbnntc  anhydride,  and  leaves  a  residue  containing  dipheoyloxamida 
and  phenyl-formAmide  (p,  285). 

According  to  Piria(Cimento,  ii.  305)perfoctIy  pure  oxalate  of  aniline  may  be  heated 
in  the  oiUbuth  between  160°  and  180°  without  fusion  and  withoiit  produrtion  of 
phenyl-formamid*»,  the  residue,  which  is  perfectly  white  and  crystalline*,  consisting 
wholly  of  dipbeiivloitiunitle;  but  oxalate  of  aniline  in  a  leas  pure  state  yields  phenyl 
formamide  as  well  as  diphenvloxamide.     » 

Pkevyl(i:rttmatr  or  Oxanilnte  o/^»i7i»i*(acid),  C«H«(CTI«N)NO«.C«H'NO».— 
Thin  salt  ia  obtained  by  frequent  recrystalHsutioD  of  thn  brown  crystals  which  are  de- 
|>osited  from  the  solution  of  the  crude  product  of  the  action  of  oxalic  arid  tipon  aniline 
in  boiling  water.  It  retains  a  brown  tinge  even  after  repeated  crystallisation,  and 
forms  confused,  often  interlaced  needles,  di-slitute  uf  Instre,  aparingly  soluble  in  cold 
water,  easily  in  boiling  water.  When  beati*d  it  gives  off  anibne  ana  the  products  of 
deeorapocdtion  of  phenyloxamic  acid.  The  solution  mixed  with  hydrochloric  acid  doea 
not  depoeit  plienyloxamic  acid. 
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Phi  ni/hulphamaie  or  Suiphanilate  of  Aniline,  separates  from  a  solation  of 
pTienylmJphanuc  acid  in  water  containing  aniline,  the  liqoid  first  however  depoaiting 
unaltered  phenyUulphamic  add. 

PkosphaUs   of  Aniline^—a.  Orthophotphaie8.-'<L  DiamUe,  C^'^K'PO*    « 

PO"     ^ 
(C*H*N)'lO'. — Concentrated  phosphoric  acid  snpersatnrated  with  aniline^  soUdifUi 

immediately  io  a  white  czystaUine  mass,  which,  after  being  pressed,  dissolTed  in  a  large 
quHntity  of  boiling  alcohol^  strained  tbroogh  a  hot  filter,  andcooled,  yields  fiesh-colonted, 
nacreoua,  inodortma  laminse,  which  slightly  redden  litmus ;  they  must  be  pressed  be- 
tweeu  papf r  and  dried  on  a  warm  tile.  At  100°  they  turn  red  and  give  off  aniline ; 
melt  at  a  stronger  heat,  and  finally  leave  metaphospboric  acid  (coloured,  according  to 
Oerhardt,  by  the  rarbonisation  of  a  small  quantity  of  aniline)  while  the  aniline  toU* 
tiiises.  They  dissolve  readily  in  water  and  ether,  sparingly  in  cold  alcohol,  but  so 
abuDdanUy  in  hot  alcohol,  that  the  liquid  solidifies  on  cooUng.  (£.  C.  Nicholson, 
Ann.  Ch.  Pharm.  lix.  213.) 

(PO)-! 

$.  Mono-anUic,  C*H<*KPO*  =  C"H*N  >0*.— The  aqaeous  solution  of   the  sah  « 

H«  ) 
mixed  with  phosphoric  acid  till  it  no  longer  precipitates  chloride  of  barium,  yields,  in 
a  few  hours,  after  evaporation  over  the  water-bath,  white  silky  needles,  wlueh  must 
be  cooled  with  ether  and  dried  on  a  warm  tile;  they  turn  red  in  the  air,  and  dissotra 
readily  in  water,  alcohol  and  ether;  in  water,  however,  the  salt  a  is  formed  at  the 
same  time.     (Nicholson.) 

(P«0»)»'  ) 

b.  PvTopio^phate,  C'»H'«N»P»0'.H'0-((?'H*N)70*.HH).— Concentrated  pyroiAoa- 

H»  ) 
phoric  acid  obtained  by  decomposing  pyrophosphate  of  lead  with  sulphnretted  hydrogen 
forms  with  excess  of  aniline,  a  gelatinous  bardeaing  precipitate  which  is  a  mixture  of 
tctranilic  and  dianilic  salt.  The  former  cannot  be  prepared  in  the  pure  state,  bnt  the 
dianilic  salt  is  obtained  by  heating  the  mixture  till  si>lution  takes  place,  supersaturatiog 
with  acid,  and  evaporating  over  the  water-bath,  as  a  mass  of  needle-shaped  crystals 
which  must  be  pressed  between  paper,  washed  with  ether,  and  dried  in  vscuo.  Tlis 
silky  needles  resemble  fiulphute  of  quinine,  are  strongly  acid,  turn  red  on  ntposnre  to 
the  air,  both  in  the  solid  state  and  in  solution,  and  are  soluble  in  water,  but  quite 
insoluble  in  alcohol  and  ether.     (Nicholson.) 

PO*    } 

Mttapkaaphatf,  CH'NPO'  «  CH*n[^' — ^^^<^°<^^°^^^"ol°tioQof^*cia]idi€»- 

phoric  acid  added  in  larce  excess  to  aniline  or  to  its  solution  in  alcohol  or  ether,  thrown 
down  a  white  jelly,  which  must  be  washed  on  the  filter  with  ethcv  till  the  odour  of 
aniline  disappears,  and  dried  in  vacuo  over  oil  of  vitriol.  It  is  a  white  amorphou 
mass,  which  reddens  litmus,  becomes  glutinous  and  rose-coloured  on  axpoaore  to  the 
air,  and  dissolres  in  water,  but  is  quite  insoluble  in  alcohol  and  ether.  The  aqueuos 
solution  is  altered,  by  boiling  in  consequence  of  the  formation  of  ortbophoephdrie 
acid;  it  dissolves  metaphosphate  of  silver,  but  at^erwards  turns  red  on  boilii^  tbs 
silver-salt  being  partly  mluced.     (Nicholson.) 

iterate  of  Aniline. — The  lemon-yellow  precipitate  which  an  e^jess  of  of  atoo- 
holic  picric  acid  forms  with  aniline,  dissolves  in  boiling  alcohol  and  oystaUiMa  oo 
cooling. 

Pyrotartrate  of  Aniline  is  a  ciystallisable  salt,  the  solution  of  which  dries  up 
to  a  brown  syrup. 

Succinate  of  Aniline  forms  thin  oblique  rectangular  prisms <tf  a  pale  ruwooloar. 

Hulphate  of  Aniline^  (C*H"N)*SO'. — A  mixture  of  aniline  and  snlphnrie  acid 
immediately  solidfies  to  a  cryBtalline  pulp  which  must  be  presBed  and  purified  by  re- 
cry  HtjiIlisaUon.  Tht;  suit  is  easily  soluble  in  water,  Icfs  soluble  in  dilute  alcoht^  stilt 
less  in  absolute  alcohol,  insoluble  in  ether.  An  alcoholic  solution  saturatr^l  at  the 
l>oiliDg  beat  solidifies  on  cooling.  Itma^  be  heated  to  100°  without  alteration.  Wbw 
carefully  raised  to  a  higher  temperature,  it  gijres  off  water  and  aniline,  and  is  converted 
into  phenylsluphamic  acid.  At  a  still  higher  temperature,  it  suffers  further  decompo- 
sition, gives  off  sulphurous  anhydride  and  sulphite  of  aniline,  and  leaves  rharcoaL 

Sulphite  of  Aniline  is  obtained  as  a  radiate  crystalline  mass,  by  trvstingaoiHBt 
with  sulphurous  anhydride  (  ?  moist). 

Snip  kohenMolate  or  Sulphopheny  late  of  Aniline,C*B\Cf^^)3/0f^,fA^iiaaA 
by  dropping  aniline  into  a  hot  solution  of  sulphobenzolic  acid  {q.  tr.),  ajsCalKaeaia 
lung  silky  needles  arranged  in  stellate  groups,  and  generally  exhibiting  a  nddaib  tiat 
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They  melt  at  201*^.  mid  fhi»  fn»"<l  *ftlt  soliHiflw  in  n  stcllittp  crystalline  nais:  it 
JnbUmes  below  the  mflting^  ptiint  in  colourleMi  rrvstalfi.  Diuolvaa  rvadily  io  water 
[And  alcohol,  Bparinglj  in  ether.     (Qertcke,  Ann.  6h.  Pharrn.  c  217.) 

Suiphoeyanate  of  Anilinf^  OIPN.CNU8. — Aqueous  ealpboeyanic  aeid  satur- 
with  aniline  dt^posits  on  eraporarion,  red  oily  drops  which  graduallj  vnlidify  in 
^Ihe  cr^'stalline  form.  The  crystAlliue  m:iMi  uiclta  when  g*-n(ly  heated ;  thfn  jEcivee  ntf 
isulphuretred  hydrogen  and  nulphide  of  araraoniam,  wirh  violent  eballition  ;  and  when 
aiore  htrongly  hoatod,  yi)»M«  an  nily  distillrtte  of  Bnlphidi!  of  carbon  and  nnlphide  of 
ionium  togethrr  with  diph^nyUulphocarbiiniide,  and  IcHTefl  a  pale  resinous  rv«idue: 
2(C*HTJ.CNn.S)       -       C"n"N«S     +      CN«H*S. 

Dlt'hmifluilpho.         8ulphAeyKn«t« 
cartMinid*.  (i(  ammnnium. 

3111  the  lAtter  ia  further  reftolv<^  at  the  giren  terapprnturc  into  milpbide  of  carbon,  sul* 
pbide  of  ammonium,  and  a  rcsidup  of  melloue.  to  which  however  an  aniline-compound 
adhere*.    (Laurent  and  Gerhardt.) 

Tartrate  of  Aniiine, — Aqumus  tartaric  acid  eolidifles  in  contact  with  anilixte. 
The  salt  cry>«tallrfic8  from  hot  wtit*'r  in  needles.     (Hofmann.) 

C'^mpoundji  of  AnUina  vttk  MctfiUic  SatU. — Aniline  unites  directly  with  a  con- 
siderable number  of  metallic  shIIh  forming  comfKMiuds  which  may  be  regard»l  aa  rUlo- 
ridep.  sulphates,  &c.,  of  phf-nylammoniums  containing metab.  Gerhardt.  by  treating 
aniliiip  with  mertwic  chlorkK  obtained  the  Halt  20H'N  Hg'Cl»  or  C?=H"lig''N«.Cl*, 
and  a  iiiruiUr  compound  with  chloride  of  palladium.  More  rfcently  this  clasa  of  com- 
poands  hjw  h<?eD  examined  t»y  H.  Schiff  (Ann.  Ch.  Pharra.  cxxv.  3G0;  cxxrii.  337. — 
Bull,  Sac.  Chim.  t.  6o  ),  who  hait  prepareil  a  cf>Qfiiderable  number  of  them.  They  may  be 
represented  by  the  general  formula  : 

H-    ) 
jTi  which  M*°^  denotes  an  n-atomic  metal,  and  X  a  monatomie  aalt-mdiele,  snch  aa 
CI,  KO*.  &C.,  X'  being  of  course  repkceabto  by  X**,  X'  by  X"',  &c.  #.  g. : 

Sulphate  of  Zincodiphenvl-diammonium.  2C«HTs',Zn"Cl'    -  ((>H»)»H*ZnT»».Cl«. 

Chloride  of  Siibio-triphenyi-triammonium.  3C*H^N.Sb"'Cl«  =  tCU»)*H^b"'N".Cl". 

Chloride  of  Stannico-tetraphenyl-tetnun.f  4C«H'NSn"Cl«   -  (C«H»VIPSn''N*  CI« 

monium,  (  ^         '  '      ' 

These  salts  aru  colourless,  permanent  in  the  air,  and  cmtiilli.se  well     Some  of  them 
are  solable  in  water;  some  miiy  be  fused,  sublimed,  or  distilled  withnat  decompOBition. 
For  the  description  of  the  iudiriduol  compounds,  see  Purkylamuoniviu. 

SODSTITIJTIOK-DBBIVATIVBS    OF   AnILINB. 

The  deriTatiree  of  monopbeuylamine  or  aniline,      ui  [^*  niay  be  arranged  in  two 

well-defined  grt-npe,  niunely,  L  Those  which  are  formed  by  substitution  of  bromine, 
ehltirine,  cyanogen,  iodine,  nitrogen  or  nitryl   fur  one   or  mure  atoms  of  hvdrugea 

l>eloDging  to  the   phenyl-iudirle  C*H*;  e.g.  bromaniline^       ^     [N,    dinitranUint^ 

2.  Thoee  which  are  formed   by  aubetitution   of  alcohol-radicles  or  acid-radicle« 

C«HM 
lor  the  extra-radical  or  typio  hydrogen,  e,g.  ttJkjflttnUmf,  CH*>N,  pkenyUuttcmidM^ 

H») 

C*H»i 
CFfl'Dj-N,  &c 


H    ( 


THB 


1.     DBSIVATTTBa    OF    AmLDCB   rOBMBD   BT    RXPrACBMBltT   OF   HtDKOOBN   WITHnr 

Phb?*ti.-  ba  d  iclb. 

The  radical  hydrogen  of  aniline  may  be  repUired,  to  the  extent  of  1,  2,  or  3  atoms 
by  chlorine,  bromine,  or  nitryl.  The  trichloro-  and  tribromo-otimiiounds  are  formed 
by  the  direct  action  of  chlorine  or  bromine  on  aniline;  those  containing  only  1  or  2 
at.  chlorine  or  bromine,  as  well  as  the  nitro-compounds,  are  not  ohtaiuod  directly  from 
aniline.  These  subblilution-compannda  are  less  bti.«iic  in  pruportion  to  the  number  of 
hydrogen-atoms  replaced.  Mono-  and  di-brumo-phenylttmine  are  basic;  so  likewiM 
are  the  monochlorinated  and  monoDitro-compounds;  but  the  tribromo-,  dichloro-, 
trichloro-,  dizutro-  and  triuitro-phenylaminei  are  neutraL    One  atom  of  radical  hydrogen 
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in  aniline  may  aUK>  be  r^laeed  by  iodine,  and  by  ejanogen.  Iodopli«ijla^m#>.  OVW, 
is  obtained  py  tha  diivct  action  of  iodine  on  aniline ;  and  cyanophenyliaat  « 
cyanilide.  C'H'N*  -  C»H«(CN)N»  ty  that  of  chloride  of  eyanogen  on  an  athcnal  mh^ 
of  aniline  cooled  by  icei     lodophenylamine  ia  baaic;  cyanopaenjrlamine  is  aantnL 

In  connection  with  the  last-mentioned  compoand  must  also  be  mmtionadatm 
called  cyananiline.  pTodaoed  by  the  direct  action  of  (yanogan  on  aniliiM^  nd«» 
taining  G'H'M*  -  C*H'N.(>.  that  is  to  say,  the  dementa  of  ^aBOgeB  and  aaibi 
vnited  witbont  elimination  of  hydrogen. 

There  ia  also  a  group  of  compounds  ealled  aiophenjlaminea  in  vUAlA 
nitrogen  takes  the  place  of  3  at.  hydrogen. 

The  munochloro-,  biomo-,  and  nitro-phenylamines  an  suaoeptible  of  two  waaat 
modifications. 

1.  Atopkenylaminea. 

These  are  basee  prodnccd  by  the  action  of  nitrons  acid  on  aniline^  and  m  Ai 
bromo-,  cbloro-,  iodo-,  and  nitro-phenylimines  abore  mentioned,  and  deriTabla  tis» 
from  by  the  eubstitution  of  1  at  nitrogen  for  3  at  hydrogen.  Thcj  majr  alao  be» 
gazded  as  formed  &om  benxene,  CH*,  and  its  derivatiTea,  bromobemen^  niuobeuMii^ 
&c,by  the  substitution  of  1  at.  nitrogen  for  1  at  hydrogen ;  and  this  Ja  the  Tievoftbn 
constitution  entertained  by  Qriess,  by  vhom  thej  hare  all  been  diseorcnd  nl 
investigated  (PhiL  Trans.  1864,  Pt  iii.  p.  667).  .„__ 

Aaevhanjlainine*  or  Amawtlina,  G^^N*  -  ^^**^|k.     or    JPiaisfcawai, 

»     (.^Thia  base  is  obtained  as  a  nitrate:  1.  Qy  the  action  of  mtRmaada 

nitra^  of  aniHne : 

C^H'N     +     NHO«      -      C^«If»     +     2HK>, 


Nitrate  of  aniline  ground  to  a  paste  with  water  is  submitted  to  the  aetian  of  t 
acid  gas  in  a  vessel  externally  cooled  00  as  to  prevent  the  teiuueimtore  rising  afaofi 
SU°.  The  salt  then  gradually  diasolvee,  and  as  soon  as  it  has  all  niMppeared,  tha  lob- 
tion  is  filtered  to  remove  traces  of  a  brown  reain,  then  mixed  with  8  -wdL  Knag  aleft- 
hoi,  and  ether  ia  added  to  precipitate  the  nitrate  of  aaophenylaminei  The  pne^itated 
crystala  are  separated  from  the  mother-liquor  by  filtration,  and  deoolooriaed  07  aohttioi 
in  cold  dilute  alcohol,  and  reprecipitation  with  ether. 

2.  By  the  action  of  nitrous  acid  on  asodiphenyldiamine^      TST     >2P«  diMnlTsil  ia 

H      J 
ether  and  mixed  with  nitric  acid : 

C«H"N»     +     NHO»     +     2NH0"       -      2(C>H«N».NH09      +     JH^. 

Aiorliphrnyl*  Nitrate  ofuophcDjI- 

dUmloe.  amlw. 

3.  By  the  direct  action  of  nitrons  acid  on  aniline  mixed  with  4  toL  aloohbt  in  vfeidi 
case  it  is  probable  that  asodiphenyldiamine  ia  first  formed  (p.  460)  and  than  ewiwt tal 
into  nitrate  of  azophenyUmine  as  above. 

4.  B^  the  action  of  nitrous  add  on  nitrate  of  ethylaniline : 

C''H«(C»H*)N.NHO»     +     NHO«      »      C^<K».NHO»     +     C*H^     +     W(k 

A  very  concentrated  solution  of  nitrate  of  azophenylamine  mixed  vith  1 
caustic  potash  and  evaporated  over  the  water-bath,  yields  a  compoand  of  1 
lamine  with  potash,  OH^K'.KHOj  and  the  aqueous  solution  of  t&ia  eompoa 
with  acetic  acid,  deposits  azophenylamine  as  a  thick  yellow  oil. hannga pecilHr 
odour,  and  remarkable  for  its  extreme  instability.  It  soon  b^ins  to  tttTia  olf  nitiew 
and  is  rabidly  convertf4  into  a  brownish-red  subrtance ;  the  decompoeition  ia  attMsd 
with  considerable  me  of  temperature,  which,  when  large  quantities  are  oononssd,  nnj 
give  rise  to  dangerous  explosions.  Ether  dissolves  it  instantly,  with  violent  evohttioB 
of  nts,  and  forms  a  red  solution. 

CoxFonirDs  or  AioFHBirn.aicDnB. — Azophenylamine  unites  both  with  aesd^  ud 
with  other  bases  organic  and  inorganic ;  but  the  compounds  are  beat  obtained  ly 
indirect  methods. 

Bromin9-eompound». — The  kydro^fwrtate,  OH^.HBr,  is  inodneed,  togatfMr 
with  tribromaniline,  bj  the  action  of  bromine  on  azodiphenyldiamine,  aa  dhowD  ty 
the  equation : 

C^'H^N"  +  Br«    -     Cm*Si\BBr  +   C*H<BiV  +   SlHBr. 

*  The  tam  asopbenylsmlne  wm  sppMed  by  OerhardttoZfnhi*!  ■•mlbeasldam.G^'lKibMttb 
body  lui  the  conpotliloo  of  amldophenylaBinB,  C*U«(1IU*)N,  or  of  f  h«Bjl««e-4laalB« 
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On  lulding  an  ethfreal  solution  of  brnmin*  hy  rlmj**  !o  a  modcnitclr  ctrong  solution 
r  azodiphenyldiamire,  a  ciyBtallinc  ptrcipifut^  of  hydrobromnte  of  oxophe-DylMmina 
I  produced,  while  tribromaniline  remains  lo  solution.  The  cryalala  must  be  quickly 
nffh^d  with  rther  and  dried  oTer  oil  of  vitriol 

Hydrobromatd*  of  ftzophi^nylaniine  cryjlallisM  in  white  naeiwoiis  aealea  eaufly  soluble 
1  water,  leas  soluble  in  alcohol,  )M«oluble  in  rther.  The  solutions  have  a  strong  iirid 
aetioti.  Th<*  siilt  Is  very  anstablo,  deeompoaing  aponlAneously  with  a  pemliup  odour, 
od  fXplfM^ing  with  Tiolcnee  hy  hput,  friction  or  preunro.  Thp  aqu^Hius  solution  trvnted 
rith  moist  eJu&ridr  of  tiiver  yields  bromide  of  silver  and  hydrochlorate  of  aJBophenyl- 
mine  or  chloride  of  azophenylaramnniuta. 
^romop/a^in/rf^  2(C*H'NVHBriPt"Br«.— Obtainwl  as  an  insoluble  reddish -yellow 
prfH^ipitutc  on  mixing  plB.tinic  brornidti  with  aqueous  nitnit-«*  of  ftaophenyUmine.  It  ia 
riecumpused  by  hoAting  with  carboiiiite  of  sodium,  io  tlie  same  maimer  as  the  chluro- 
platin&te  (ii0-a)  yielding  bromobeoEene. 

Pfirhromidf  ^f  Asophmytixmmoni\im,^W"^^^  «  ^^gi'^  M  NFr*.  — This  com- 
pound, probably  snalogona  in  oon!<titution  to  the  tri-iodide  of  tetrethylammoninm,  ii 
produced  by  ibe  action  of  bromine  on  nitrate  of  azophenylamine.  On  sddino:  >  small 
qa&ntity  of  bromine-wnter  to  an  aqueous  solution  of  the  nitrat-e,  a  white  eryBtttUine  pre- 
cipitate of  tribromoplienic  ncid  ir*  Uffu^lly  ubtained,  owing  to  the  presence  of  a  small 
quantity  of  phenol  formed  from  the  deoomposition  of  the  nitnte  by  water.  On  re- 
moving this  pre«ipitiite  as  quickly  as  possibl(>  and  Adding  a  large  exceaa  of  bromin*- 
vat«r  to  the  filtrate,  perbrumide  uf  axophrnylummonium  separatee  aa  a  browniab-nxl  oil, 
which  when  separated  from  the  mother-liquor  quickly  aohdifies  io  a  cryatalline  mass ; 
it  may  be  purified  by  washing  with  other,  or  by  dissolving  it  in  cold  alcohol,  leaving 
the  solution  to  evaporate  spontaueously  in  shallow  vestals,  and  then  washing  thu 
reaidu*  with  a  little  ether  to  rt^mure  an  oily  product  of  decom petition. 

Perbromido  of  azophenylammonium  crTftaJlises  in  yellow  plates  insolnble  in  vo//t, 
rather  difficultly  soluble  in  oicoAo/,  insoluble  in  tthrr.  It  is  comparitively  stable  in 
the  dry  stat*",  but  decoroprwee  quickly  in  alcoholic  solution.  "When  heated  it  gives  <^ 
bronuDe  aiid  oitrogeQ  and  is  ooDverted  into  bromobenzene : 

CH'N^Br'     «     (M'Br  -«•  N*   +   Br*. 

In  decomposing  targe  qnantities  of  the  pf>rhromide  in  this  manner,  it  ahonid  be 
mixed  with  carbonate  of  srxJiura,  otherwise,  a  violent  explosion  ia  likely  to  occur. 
Bromobeiuene  is  likewise  formed  on  beating  the  perbromide  with  alcohol,  sod  sepamtea 
as  a  heavy  oil  on  adding  wntor  to  the  solution. 

With  aqueous  ammc^ia  the  perbromide  yields  aiophenylene-diamine  (diazo- 
benzolimide  of  Griess)  and  bromide  of  ammonium  : 

C«H»N»Br*   +    4NH"     -    <^^^/|n«   +   3NH»Br. 
Perbromlda  Aiopbenyltrne-dlunine. 

Cklorint-comi-pQundi. — The  hi/drochioraU  is  obtained  by  treating  on  aqueona 
solution  of  the  nitrate  with  moist  chloride  of  silver. 

Chioroauratc,  C*H*NMTCl.AnCl'.— Obtained  on  adding  trichloride  of  gold  to  an 
aqueous  eolution  of  the  nitrate,  aa  a  lipht  yellow  erystaUine  precipitate  inBoluble  ia 
water,  but  soluble  in  alcohol,  from  which  it  crystallises,  on  cooling.  In  small  golden 
yellow  platee:  it  cannot  however  b«  rf-cTV(*taUised  without  loss,  and  is  completely 
decomposed  by  continued  boiliog  with  alcohnl. 

Sulphydrie  acid  gaa  passc'd  through  water  in  which  this  gold-aalt  is  suspended,  cod- 
verta  it  into  trisulphi(^  of  gold,  and  a  voktile  oily  liquid  isomeric  with  pbenyl- 
mrrcaptan  (p.  418.): 

Thifl  liquid  has  an  odoor  of  mcrcantan,  but  is  sot  precipitated  by  acetate  of  lead  or 
nitrate  of  ailvcr.  A  small  portion  ot  the  azophenylamioe  undergoes  at  the  same  time 
A  different  decomposition,  resulting  in  the  formation  of  aniline: 

OH*N*  +   3fl^     ="     C'H'N   +   NH*   +   S». 

Solphydrio  acid  passed  over  the  gold-aalt  spread  in  a  thin  layer  over  the  inside  of  % 
glass  tube,  decomposes  it  into  hydrochloric  acid,  Yrisulphide  of  gold  and  aaophenyl- 
amine;  the  decomposition  of  larger  quantitiea  is  attend*^  with  explosion. 

Chloroplatinait ,  2(C*H*N».HCl).Pt"Cl».— Precipitated  on  adding  pUtinio  chloride  to 
a  rather  concentrateci  solution  of  the  nitrate,  in  fine  yellow  priKms  almost  insoluble  in 
alcohol  and  ether.     They  are  moderately  stable,  but  when  kept  for  some  time  acquire 
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a  brownigh  colour,  and  are  gradually  but  compleU'ly  decomposod.  The  salt  defla- 
grates when  heated,  but  if  mixed  with  a  larpe  excess  of  carbonate  of  sodium,  barium. 
culcinm,  &c.,  and  heated  in  a  sand-bath,  it  is  quickly  decomposed  into  chlocobenxene, 
metallic  pUttnum,  chlorine,  and  nitrogen  : 

2(c«H*N'.Ha)Pt'^ci*   -   2C^»ci  +  Pt  +  a*  +  H«. 

Nitrate  of  Asophrnylamine^  C'H'N^.NHO'.— This  salt,  the  preparation  of 
which  has  been  already  described,  crystaUises  in  long  white  needles  very  soluble  in 
watrr,  less  soluble  in  alcoHof^  almost  insoluble  in  ether,  and  in  brtuene.  It  mar  be 
dried  without  alteration  over  oil  of  vitriol.  When  heated  even  below  100°,  it  explodes 
with  fearful  violence,  far  surpassing  that  of  fulminating  mercuiy  or  iodide  of  nitrogen. 
The  explosion  of  a  gramme  of  it  causes  a  concussion  like  that  produced  by  firing  a 
piKtol;  a  somewhat  larger  quantity  exploded  on  an  iron  slab  several  lines  thick 
smashed  it  to  atoms.  Friction,  pressure  and  percuftsion  also  cause  it  to  explode.  The 
smallest  particles  of  it  aocidentalty  dropped  on  the  floor  of  a  room,  and  trodden  uptm 
when  dry,  give  rise  to  a  series  of  explosions  attended  with  flashes  of  lig^t 

Nitrate  of  azophenylamine  is  resolved  by  boiling  with  toaUTt  into  (mieDol,  nitrie  add 
and  free  nitrogen : 

C«H*N».NHO»     +     HK)       =      C^K)     +     NHO"     +     N». 

By  distillation   with  alcohol,  it  is  resolved   into  dinitrophenie  acid,  benxene^   and 
,  aldehyde^  together  with  water  and  free  nitrogen : 

2(C-H*N'.NH0»)   +  CmH)     -     (?H^(NO«)*0  +  Cm*  +  CmH)   +  HK)  +  N«. 

A  cold  aqueous  solution  of  the  nitrate  left  in  contact  with  levigated  carbonate  of 

■  barium,  slowly  gives  off  nitrogen  and  is  converted,  after  some  days,  into  a  mixture  of 

'  two  compounds  of  azophenylamine  with  phenol :  viz.  C"H'*N'0  —  C?H'N*.C*H«0  and 

C'H^N^O  -=  2C*H*N'.C-H«0  {yid.  inf.),  the  mode  of  their  formation  being  as  foUowa : 

i  20H*N«     +     mo       .      C«H'*NK)     +     N« 

3C«H*N»     +     HK)       -       C"H'*N'0     +     N*. 
y  On  mixing  very  concentrated  aqueous  nitrate  of  azophenylamine  and  eausHe  potanA, 

[  a  compound  of  azophenylamine  with  potassic  hydrate,  OH*N'.KH0,  is  produced ;  bat 

*  on  mixing  dilute  aqueous  solutions  of  the  two  bodies,  a  yellow  liquid  is  obtained,  whieh 

1  has  a  peculiar  odour,  soon  begins  to  give  off  nitrogen,  and  deposits  a  reddish-brown 

substance  having  the  composition  C**H'*KH): 

;  4C-H*N«     +     H*0       =       C*H'»N*0     +     N«. 

f  The  reaction  is  ve^  slow  at  common  temperatures,  but  takes  place  quickly  on  h«itiiic 

'  the  liquid,  the  reddish-brown  substance  being  then  separated  as  a  resinous  samifloid 

j!  mast),  quite  insoluble  in  water,  only  slightly  soluble  in  alcohol,  even  at  the  botling 

y  heat,  but  eajfily  soluble  in  ether,  and  remaining  as  a  resin  on  evaporating  the  ether. 

^  Its  powder  is  f<trongly  electric     When  boiled  with  nitric  acid,  it  yields  a  jeUowiA 

J  crystalline  body. 

I  Alcoholic  potash  added  to  the  aqueous  nitrate  of  azophenylamine  produces  a  man 

L  complicated  reaction,  yielding  ben  sen  e  and  phenyl,  in  addition  to  the  reddiah-farowa 


substance : 


C^W      +     C«H«0       -      cm     +     C«H*0     +     N». 
Aiopbeoyt-  Alcohol.  B«DS«ne.  Aldehjd*. 

amine. 


2(?H'N«     +     CmH)       «      C»»H"    +     C*HH)     +     H«. 
Phenyl. 
On  heating  the  liquid  in  a  retort,  the  benzene  passes  orer  with  the  alcohol  asd  may  bt 
t^rparated  by  addition  of  water,  while  the  phenyl,  being  less  volatile,  distils  orsr  aftv 
the  alcohol  and  crystallises  in  the  receiver.     It  melts  at  70^,  and  resembles  in  tfmf 
reNpect  the  phenyl  obtained  by  Fittig  (p.  409). 

Dilute  aqueous  ammonia  added  to  an  aqueous  solution  of  nitrate  of  axophenjlaminib 
forms  a  brown  mass  separable  by  alcohol  into  an  easily  soluble  and  a  sparing^  solahk 
portion.  The  latter  is  identical  with  the  compound  C'*Q'*N'0,  prodaoed  by  the  actioa 
of  potash;  the  former  is  azodiphenyl-diamine,  C"H"K*,  produced  aa  ahowaliy 
the  equation : 

2(C^'N«.NH0»)   +   3NH«     -     C'«H"N«  +  2(KH*.N0»). 

With  bromine,  nitrate  of  azophenylamine  yields  perbromide  of  ssopheDjIaBBOoink 
With  auric  and  fiatinic  chlorides,  it  forms  precipitates  of  the  chloroanzate  and  flhki»- 
plattnste  of  azophenylamine. 

With  atif/m«  in  aqueous  solution  it  forms  azodiphenyl- diamine  and  mtrataafMiBM: 
CH*N«.NHO*     +     2C«H'N      -      C"H»  IP     +     C^>N.MHO>. 
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like  manner  with  br^manitint  it  yields  bromafodiphenyldi&mine,  C*'H>*6rN':  uxi 
rith  naphihyiamine,  it  furmfl  lizuDuphthyUpheoyl-diiiDiiae  (see  Pusxyl-dujumu,  p. 

OxvbamamaU  of  Atovkenulamine,  C"H»N«0»   -   C^^NrC^'NO*,  or 

*gcphtHyl-oxj/beruamic  acid^  (C"H*0)    )-f-.  — J)iatohensol-amidobenM0i€acid{QTitBB), 
H»       ) 
—Obtained  by  mixing  an  aqueous  solution  of  I  at.  nitrate  of  azophenylamine  with  2  at. 
oxybenzumic  acid,  s^'paraCing  Hfl  a  yellow  eryfitjiUine  precipitate,  tlie  ethereal  eolation  of 
which  deposits  yellow  crystals,  to  be  purified  by  wiuhing  with  cold  water : 

C^*N«.NHO«     +     2C'H^V0«       -       C"H"N'0«       +     C-HTfO*.NHO». 

Kltrftte  of  Aio-  Oxjrbetiftiinilc  Oxft^^iixamale  of  Nitrate  of  Oxjt*ciiKamle 

phrt]  j-Umtnfl.  add.  AtopbenyUin  liie.  scld. 

Tt  forms  small  indiirtinct  plates  or  cryBtalJiDe  grains,  nearly  insoluble  in  itatrr,  vrry 
sparingly  Koluble  in  aicohoi,  e'utly  solnblB  in  r/Arr.  Heuted  on  pIiitiDuni-f<)il,  it  melts 
and  is  rapidly  decomposed,  with  riolent  eTolution  of  gas.  Cold  dilut«  mineral  acidt 
•£t  upon  it  but  alowiy,  but  decompose  it  speedily  with  aid  of  heat.  AcHic  acid  even 
when  highly  concentrated  has  no  action  upon  it  in  the  cold,  but  destroys  it  when  heated. 
Solutions  of  amvuyniOj  potcsh,  and  earbiynate  of  potanium  diseolre  it  readily,  with 
yellow  colour. 

Axophenyl-oxybcnzamie  acid  exhibits,  with  boics,  the  behaTioor  of  a  dibasic  acid, 
uniting  with  them  in  two  preparationa.  All  its  salts  are  comparatirely  stable:  those 
which  are  soluble  in  water,  the  potossinm-salt  for  example,  will  even  b«*ftr  recrystal- 
liaation.     With  the  oxides  of  silver  and  barium  it  fortns  msoluble  precipitates. 

liike  most  amic  adds  it  exbibiu  basic  as  well  as  acid  characters.  On  mixing  its 
ethereal  solution  with  an  alcoholic  solutioa  of  plalioic  chloride,  a  chhrophtinaU, 
C*'H"N'0*.2HCl.Pt''Cl',  is  prccipital^il  in  small  indistinct  ypllowiah- white  plates. 

Azophenylamine  forms  similar  compounds  with  paratKn/btmamie  acid  (p.  352), 
cxyanisamic  acid,  &c.,  which  are  obtained  in  lik«  manner  by  acting  on  nitrate  of 
asopheuylamine  with  the  reapectave  acids. 

Pkenaies  of  Atophenylamint. — Two  of  these  compounds,  containing  nopect- 
ively  the  elements  of  1  and  2  at.  azophenylamine  with  1  at.  phenol,  sre  produced,  as 
already  observed  (p.  492),  by  the  action  of  carbonate  of  barinrn  on  a  cold  nqueoos  solution 
of  nitrate  of  azophenylamine.  Nitrogen  is  then  slowly  evolved,  and  a  reddish-brown 
inAseisforme<l.  oonnisting  of  thf  two  compounds  just  mentioned  together  with  the  excess 
of  earbonate  of  btirium  ;  and  on  filtoriog  off*  the  solution  containing  nitrate  of  barium, 
xemoTing  the  excess  of  carbonate  by  hydrochloric  acid,  and  treating  the  residue  with 
oold  alcohol,  the  compound  containing  the  larger  proportion  of  phenol  dLbSoIves  out, 
while  the  more  basic  compound  remains  for  the  most  part  ondisaolved. 

MonoczQphenyUmk PkcniiU,C'^W*^^Q  -  C*H«N»C>H*0,  ot Azodiphenylamk  add, 

^       ui     ^  \r\, — To  purify  this  compound,  the  alcoholic  solution  obtained  aa  abore  it 

evaporated,  the  residue  ia  treated  with  ammonia,  and  the  deep  yellow  solution  after 
being  filtered,  ia  deeompoeed  with  hydrochloric  acid.  Azodiphenylamic  acid  is  then 
precipitated  in  crystals  which  mav  be  furtiier  puriSrd  by  repeated  cry»talli«ation  frnm 
weak  spirit.  It  is  almost  insoluble  in  cold  vmifr,  slightly  soluble  in  boiling  water,  from 
which  it  crystallises  on  cooling  in  siaall  but  well-formed  rhombic  prisms  of  a  fine 
yellow  colour  with  a  tinge  of  Tiolet  From  alcohol  and  ether  (in  which  it  dissolves 
very  easilr)  it  usually  cryetallijiee  in  brittle  brownish-yellow  nodules.  It  molts  at 
148°  to  a  brownish-yellow  oil  which  cannot  be  volatilised  without  decomposition,  but 
ia  destroyed  at  a  higher  temperature,  with  fonnation  of  yellow  vapour. 

This  oompoand  possesses  slight  acid  properties,  and  forms  saline  compounds  with 
certain  metala,  but  it  is  not  capitble  of  decumpt'sing  carbonatrs.  On  evuporating  its 
eolation  with  aqueous  ammunia,  the  whole  of  the  ammonia  is  driven  off.  It  forms  a 
•carlet  precipitate  with  nitrate  of  silver. 

mphenylnmic  Phenaie,  C'"H'*N*0   «   2C-H*N».(?H*0,  or  Asotrtphenylamie  acid, 

n*  to* — '^^^*  compound  may  be  obtoiDed   pore  by  rrprT»»talli<*ing  the  le«b 

soluble  portion  of  the  reddish-brown  substAnce  above  mentioned,  once  or  twice  inim 
stroDfF  alcohol,  then  dissolving  it  in  ether,  and  leaving  the  solution  to  eraporaK^, 
Sometimes  however  it  is  ooatuninated  with  traces  of  another  substance,  to  remove 
which  it  must  be  dissolved  in  caustic  potash,  and  the  filtered  alkaline  solution  precipi- 
tated by  hydrochloric  acid.  It  OTStaliises  in  browuith-red  needles  or  plat^,  easily 
soluble  in  eth^^  sparingly  in  cold  alcohol  and  in  hot  water.     It  melts  at   US'  and 

Vot.  ly.  F  F 
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d«compo8e9  at  a  higher  temperatnre  like  the  precKling  pomponnd.  It  is  nearly  netttnl 
but  diMolTes  easily  in  potash,  forming  a  mby-red  solution,  with  difflcnlty  in  aqieoM 
ammonia,  and  not  at  all  in  aqu'K)n8  carbonate  of  potassium.  It  is  likewise  insoluDle  in 
dilute  acids,  but  dissolves  in  concentrated  acidSf  forming  blood-red  ■olutiona  iriiidi 
decompose  when  heated. 

Sulphate  oj  Aeophtnylamine,  C*H*K'.SH*0*.  This  salt  may  be  obtained  by 
the  action  of  nitrous  acid  on  sulphate  of  aniline  suspended  in  water,  or  more  eon- 
▼eniently  by  treating  a  concentrated  aqueous  solution  of  Uie  nitrate  with  dilute  ralphmu 
acid,  mixing  the  resulting  solution  with  3  vol.  absolute  alcohol,  and  then  with  ctfarr, 
which  causes  the  sulphate  of  azophenylamine,  together  with  some  water,  to  aepaiate 
in  a  layer  at  the  bottooi,  while  the  liberated  nitric  acid,  together  with  exoees  of  sul* 

Shnric  acid,  remains  mixed  with  the  supernatant  alcohol  and  ether.  Thia  latter  ti 
ecanted,  the  solution  of  the  sulphate  once  more  treated  with  absolute  aIo(^<^  and 
precipitated  by  ether,  and  the  precipitated  liquid  placed  in  flat  dishes  crer  oil  of 
TitrioL  It  then  solidifies  to  a  magma  of  crystals,  wliich  must  be  washed  on  a  flltar 
with  a  mixture  of  alcohol  and  ether,  to  remove  any  traces  of  sulphuric  acid  and  phenol 
produced  by  partial  decomposition  uf  the  sulphate,  then  dissolved  in  cold  weak  uoobo^ 
precipitated  by  ether,  and  the  crystals  quickly  dried  over  oil  of  vitriol. 

Sulphate  of  azopbenylamine  crystallises  in  prisms,  which  dissolve  readily  in  watei; 
with  difficulty  in  absolute  alcohol,  and  not  at  all  in  ether.  The  aqueous  ami  aleoholio 
solutions  decompose,  with  evolution  of  gas,  on  boiling.  When  exposed  to  the  air,  the 
salt  rapidly  abftorbs  moisture,  becomes  liquid,  and  gradually  deoompoaea.  'Wbea 
heated  alone,  it  deflagrates  feebly  at  about  100*^. 

Sulphate  of  azophenylamine  heated  with  concentrated  $idphurie  add,  girea  off  the 
whole  of  its  nitrogen  and  is  converted  into  disulphophenylenic  acid,  CH^S^a 
C«H*.2SH«0^  (see  Sulphuric  Ethebs)  : 

C«H*mSH«0«     +     8H«0*      -       OH-S«0*     +     N«. 

CoupoTTHDS  or  AzopHxim^Kim  with  Bases. — a.  With  Bydrate  pf  PoiamJimt 
C'H^N'.KHO.  On  adding  a  very  concentrated  solution  of  nitrate  of  asophmylasuMV 
drop  by  drop,  to  strong  aqueous  potash,  a  yellowish  liquid  is  obtained,  having  a 
peculiar  aromatic  odour  and  soliaifying  by  evaporation  over  the  water-batii  to  a 
crystalline  mass,  which  is  a  mixture  of  the  compound  of  potassic  hydrate  aad 
azophenylamine  with  nitrate  of  potassium,  and  a  brownish-red  body,  the  mult  <rf  a 
secondary  reaction.  The  crystalline  mass  is  put  iDt<f  a  strong  linen  doth  and  wdl 
squeezed  between  porous  stones,  to  remove  the  excess  of  potash  ;  the  dry  cake  is  thra 
treated  with  absolute  alcohol,  which  readily  dissolves  the  compound  of  potassic  hydrate 
and  azophenylaminet  leaving  the  nitre  un(ussulved;  the  alcoholic  filtrate  whidl  haaaa 
intense  reddish-brown  colour  (due  to  the  above-mentioned  seeondair  pTDdaet)  is 
evaporated  over  the  water-bath ;  and  the  residue  is  once  more  pressed  and  washed  with 
a  mixture  of  alcohol  and  ether  to  remove  the  reddish-brown  substanea.  By  again  pnw 
ing  the  nearly  white  cake  thus  obtained,  dissolving  it  in  a  small  qnaDtity  St  ahsolflM 
alcohol,  filtfinng,  and  adding  a  sufficient  amount  of  ether,  the  compound  ia  precipitated 
in  small  white  crystals  which  must  be  immediately  dried  over  oil  of  vitrioL 

It  crystallises  in  small  white  soft  plates,  becomes  reddish  by  expoeore  to  tba  air.  if 
easily  soluble  in  water  and  in  aieohol,  insoluble  in  ether.  The  solntiona  haw  a  atnag 
alkaline  reaction.  The  freshly  prepared  aqueous  solution  is  but  iligfatly  colowred;  tat 
by  keeping  for  a  short  time  it  acquires  a  yellow  colour,  and  ultimatdy  dsyuwti  a 
reddish-yellow  snbstAnce.  The  decomposition  does  sot  appear  to  be  mvch  aeedcnirf 
by  boiling.  The  diy  substance  is  very  stable.  When  heated  alcme  it  wypMtw 
a  slight  report  at  a  Rtf  le  above  130". 

B.  With  Hydratr  of  Si/vrr,  C«H*N»  AgHO.    Obtained  a«  a  white  or  sli^iUy  i 
late-coloured   precipitate  by  heating  a  freshly-prepared  solution  of  tha 

compound  with  nitrate  of  silver.     After  removing  the  mother-liquor,  tba  ; 

is  thoroughly  washed  with  water,  dried  by  pressing  between  fllter-papar,  and  '_ 
over  oil  of  vitriol.     It  is  insoluble  in  all  the  ordinary  neutral  solventa.    NMe  I 
even  when  cold,  dissolves  it  with  great  facility.     It  is  remarkably  stable,  not « 
the  slightest  sign  of  decomposition  even  after  being  kept  for  ve^a.    Jt 
with  some  violence  when  heated. 

r  With  HydraU  of  Barium,    Precipitated  by  adding  the  solntion  of  a  i  _^ 

barinm-salt  to  a  moderately  concentrated  solution  of  the  potasainm-eompoaa^  ■■ 
white,  microscopic,  indistinct  needles  or  plates,  which  beeoDia  yelknriifa  ttam.  \  '  ' 
deoompoeition.     It  is  sparingly  soluble  in  water. 

B.  The  compoond  of  azophenylamine  with  hydrate  of  aime  is  a  wliifv  i 

powder,  insoluble  in  water.  The  Itad-ctrnponnd  is  also  a  white  powder,  bit  i 
rums  yellow.  With  eupric  sulphate  a  brown  precipitate  fti^wging  to  giMB  ii  i' 
Jferoofie  chloride  gives  no  preeipituta. 
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CovToriTDS  OP  AxoFBCKTLAMunt  iTZTa  OTRBB  Oroakic  Basbs. — AEopheiiylftmina, 
i  alnibdy  obscrred  (p.  432).  unites  with   aailini',   bromuiiiliop,  ftnd  uapblhylanuD^, 
'  fbrming   compouods  which   haT«  the   oooatitiition   of  pfaen^ldiamiiiei,  and  will  b« 
describMl  ander  that  bend  (p.  459). 


2.  Bromopkfnylaminf*. 


BKonobremopbanj-lamioe  or  Bromantltfic,  C'HfBrN   « 


C^*Br) 


I 


H.  [n.  (Hof. 
mann,  Ann.  Ch.  Pharm.  liii.  42. —E.  J.  Mills,  Proc  E07.  Soc  X.  689.— Ories% 
Phil.  Tr&DB.  1864  [3],  713). — Of  this  base  there  are  two  uomeric  modiflcationK,  a  and 
0,  exactly  r^^fonbLiDg:  ona  another  in  their  chemical  deportment  but  diiitiDgiiished  b> 
certnjn  pliynical  propertiett,  tioth  in  the  fr««  slat«  and  in  oombiruiUon  with  acids. 

AJpba-br:<muuiline  ia  preparMl:  1.  Bj  heating  bromisatin  with  potash,  jost  aa 
aniline  ita^lf  ia  obtained  from  iaatin  (p.  420) : 

C*H*BrNO*     +     4KH0       «       C«irarN     +     2K>C0"     +     H«. 

The  distillation  is  continued  till  tha  reaidae  is  oearij  dr^,  and  gives  off  a  brown  oil 
which  00  lon^r  solidilipn.  The  oily  dropa  which  posaed  ovtr  at  ihe  beguuing  of  the 
diatUlstion  and  barie  solidified  in  the  crystalline  form,  are  then  washed  on  a  filter  with 
watfr  and  recrystaLUfwd  from  boiling  alcohol  (Hufmaan). — 2.  By  distilling  dibromo- 
phr-nyUeelaBitae  (p.  418)  with  potash  (Mills). — 3.  By  tne  action  of  nascent  hydro- 
pen  (gpnerated  by  the  action  of  sine  and  sulphuric  aod)  on  an  aloobolic  aolution  0/ 
Bzobrumopbenylene-diamine : 

^  i^^-ri^.     .     H.      -      Cm;Br| 

^hepai 
^^potai 


2NH" 


hen  the  addition  of  water  no  longer  forms  a  precipitate,  the  bromaniline  may  be 
eparated  by  craporatiog  the  alcoholic  solution  orp<r  a  WHtf*r-bnth,  and  distilling  with 
'potash  (Griess). — 4.  By  the  action  of  sulphide  of  ammoniazn  on  ^•brumonitrO' 
benaene  (p.  416). 

3-Bromaniline  is  obtained  by  the  action  of  sulphide  of  ammonium  on  a-bromo- 
aitrobenKenu  (p.  416). 

Protyrrtirs. — AlpKtt-broranniline  CTystallis^s  in -colourless,  regular  octahedrons,  ex- 
actly like  chlomniline  (Bofmann) ;  that  prepared  from  phenylacetamids  sometimes 
CMtallises  in  needles  (Mills);  always  in  octahedronft  (Griestt).  It  melta  at  60° 
(Hofmann);  67^(QrieBs);  and  aoUdiflcs  again  at  46°  (Hofmann).  In  odour 
and  taste  it  resembles  rhloraniline, 

3-bromaniUne  is  an  oil  which  does  not  solidify  even  in  winter.     (Oriesa.) 

Bromaniline  (both  rarieties)  is  easily  rcKJUL'ed  to  aniline  by  potasahmt'Ctiudgam. 
With  cjtwss  of  bromide  nf  ethyl,  it  is<juickly  i-onTerted  into  hydrobrvmate  of  elhyl- 
bromaniiine,  C*H^BrN.HCL  Its  aqueous  solution  imparts  a  riolet  colour  to  aqueous 
eklnridf  nf  lime,  weakerthan  tj)bt  produced  byaniline,  but  stronger  than  that  produced 
by  chtoraniline.  Its  salts  colour  chloride  of  lune  red-brown  and  firwood  yellow.  Brom- 
aniline disBolTea  readily  in  tulvkidc  ofcarbrm. 

Hydrockhrctt  of  n-hromamlhn',  C'H'BrN.HCl,  erystallises  from  boiling  water  in 
naereoaa  radiated  fibres,  but  by  evaporation  over  oil  of  vitriol,  in  well-delined  mono- 
dinie  prisms  (Hofmann).  Uydrochlorate  of  /3-bromaniline  forms  whit«  nacreous 
brilliant  plates,  which  are  readily  soluble  in  water  and  alcohol,  and  quickly  turn  red 
wlifn  ex[H>Bed  to  the  air.     (Oriess.) 

7'A/  ck/oropitrtinaU  of  ^hromaniiiHe^  20H'BrK.H*Cl'.Pt"'Cl*,  precipitated  on  miring 
bydrochlorate  of  a-bromaniline  with  platiuiG  chloride,  closely  resembles  the  corres- 
ponding compound  of  chtoraniline  (Hofmann).  The  corresponding  salt  of  $-brom' 
aniline  crystallises  in  yellow,  ol>pn  wcdl-formed  prisms,  mudh  more  soluble  than  tha 
■lender  highly-lufitxuus  plutes  of  the  a-9alt.     (Griesa) 

7'A/'  oxtUatf^  2C"H'BrN.CH'0*,  prpcipitated  from  alcoholic  a-bromoniline  by  aqueous 
osfllic  acid,  and  crystallised  from  bulling  water,  forms  indistinct  crystals,  sparingly 
SoLoble  in  wat^^r  and  alcohol. 


Plbromophcnylaiidne  or  Ptt>Tom«nHlne,  C^'Br'N  »        g t     [  ^ 


(Hof- 


mann,   Ann.    Ch.   Pharm.  liii.   47-— Qriess,  ibid.  caxi.  267.) — Prepared:    1.  Br 

distiUing  dibromisatin  with  can<4ric  potash,  washing  the  distilled  and  crystallised  oil 
with  watpr,  and  ciystallising  from  boiling  alcohol  (Hofmann). — 2.  By  adding  bro- 
mine to  phenyldcetamide  suspendpd  in  water,  till  it  is  conrert^vl  into  a  r*K!dish  reain- 
ous  mass,  consisting  mainly  of  dibromophenylaeetamide  (C*H'Br^(CH"OiHN,  and 
subjecting  this  product  to  distillstion  with  potash.  Dibromaniline  then  passes  orer 
in  oily  drops  which  solidify  to  white  needlf>s.  On  dissolving  this  product  in  warm 
moderately  strong  byirocliloric  acid,  any  trihroraaniline  that  may  be  present  remaina 
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nndiMolvedf  and  on  eraporarinu;  the  bvdroclilonc  iidd  lolution  Co  drvvti, ftod  ImAtt 
\h^  Ksidae  with  hot  watfr,  dibrom&aiUne  alone  rem&iDs  nndiwolre^),  vhik  twa  j 
hydrochloratn  of  monobromaniline  are  taken  tip  bj  tb«  vatAr.      (Gri  et&) 

Large,  flat,  somewhat  rhombic  p^iBm^  melting  betwern  60"  aztd  6<P  to  i  ^■i> 
coloured  oil,  which  often  remainii  liquid  long  after  cooling,  but  then  erjnaJbm 
Btiddcnlj  on  notation  (Hofmann).  CxyBtamaoa  from  alcohol  in  aeedlaa  cr  ka| 
lamioie,  which  melt  at  7&'5°.   (Qriess.) 

Dibromaoiline  dinaolrea  iparingljr  in  watrr,  fonning  a  liqtud  wbiefa  beconMS  tnW 
«n  cooling  and  gndaallv  depmita  slmder  needles  ;  it  ia  aolublo  io ^ ttlooknl.  It  iii 
veiy  weak  baae;  its  aolation  in  aetdj  coloun  flrwood  /ellow ;  it  ia  pv«ci(atatel  ly 
alkalis.  It  forms  crTstallisable  aalto,  which  bowerer  are  Utf  stable  than  thtmd 
bromaoiline. 

The  aolntioQ  of  dibromaniline  in  boiliog  kydrochhric  add,  jieida  on  eoolingtlaai 
eontaining  13*31  per  cent,  hydrochloric  acid ;  when  they  are  dissolTed  in  walff,  pas 
of  the  htm  separates  in  thin  oilj  drvpa;  and  the  solation  erapuraied  under  a  bttt^ 
orer  Ume^  which  abstracts  the  greater  part  of  the  hrdrochloric  acid,  dcponti  neuty 
pare  cnrstalline  dibromaniline  ^ofmnnn).  The  bydrochlorifl  acid  aolntiaojfani  t 
,  eryetivlline  orange-yellow  precipitate  with  platinicchlorideL  The  kyJrockiarmttSyBWf^ 
cryfltallisea  in  tof^s  resembling  palm-brunches;  the  eaailT  decomponU«  p(atinwm  mH 
2C*H»BrTi.irCRWCl«.  in  yellow  prisma.    (Griesa.) 

Trtbromophenylamlnr   or  TrtbromaaUlna.      C*H*Br^      -^      ^gi     (k. 

(Friteschc,  J.  pr.  Chem.  zzriii.  204. — Hofmann,  Ann,  Ch-  Fharm.  liii  50.)— 
Bromani/vid  (FritSBche). — Frrparation.  I.  Dry  bromine  is  mixed  with  acilistia 
such  proportion  that  the  mixture  aolidifloB  completely  aft^r  a  while  in  the  c37fUilar 
form,  after  which  alcohol  is  added,  and  aleo  more  bromine  till  it«  odour  becoaiea  m* 
manent.  The  Ki'^*^n>*b-grey  crystalline  magma  of  tolersl'ly  pure  tribromaniUneiiDa 
separated  by  filirat  ion  from  the  greenish -yellow  alcoholic  liquid,  which  contains  bjdi»> 
bromic  acid  and  the  decompo«ition-prodncts  of  the  alcohol,  and  deposits  more  tribRv 
xnaniline  when  mixed  with  water;  after  which  it  ia  washed  on  the  filter  with  aloolcij 
and  disK>lTed  in  hot  alcohol :  the  solution  thus  obtained  yields  nearly  colotirlnt 
crystals  (Fritzsche^. — 2.  The  aqueous  solation  of  an  aniline-salt  ia  mixed  «tIj 
aqneoos  bromine,  which  disapnean  and  produces  a  white  turbiditjr  and  precipitatiM 
of  microBcopic*needIe«.  the  addition  of  bromine  being  continued  till  the  prtcipiutiB 
eeows  and  a  slight  odoor  of  bromine  remains;  the  precipitated  powder,  which  hM  a 
reddish  tint  arising  from  a  deoompofltion-produet.  is  collected,  and  freed  from  iK» 
impurity  by  diMillntion  in  a  small  retort ;  and  the  distillate,  which  aoHdi£cs  in  k 
crystalline  mass,  is  recrystallised  from  boiling  alcohol  (Fritzsche). — 3.  An  aqoeen} 
aolntion  of  hydrochloratft  of  bromaniline  is  mixed  with  aqneoas  bromine,  and  the  riolel- 
white  precipitate  is  distilled  with  water,  whereby  snow-white  cryatals  are  obtaiofd  •( 
first,  but  afterwnrdn  violet  crystals  which  cannot  be  decoloriaed  bj  reajstalhanoi 
from  alcohol     (Hofmann.) 

Pmertifs. — Tribromaniline  cTy5tal]iMd  from  hot  alcohol  fonna  colonriesa,  ifaiiixa^ 
long,  slender  needles;  but  when  solidifled  after  fusion,  it  is  of  a  crTstallina  textanv 
brittle  and  easily  pnlTerised.  Melts  at  ll?*^  to  a  clear  liquid;  boils  at  about  SOO^; 
distils  over  anclunged  (Fritzsche),  and  sublimes  in  radinting  crystals  havii^  a  nl^ 
lustra  (Hofmann).  It  is  insolnble  in  wU^ ;  sparingly  soluble  in  oold,  sai^  ii 
boiling  alcohol  and  eihfr.  It  is  not  basic,  and  does  not  dissolve  either  in  dilate  sddi 
or  in  alkalis.  Strong  boiling  nitric  acid  decomposes  it  Warm  strong  satipAKrw  sen' 
diasolves  it  without  decomposition,  acquiring  a  purple  colour  fiv>m  deeonpositM 
only  when  heated  nearly  to  the  boiling  point  Strong  potoJtM-lsy  has  do  adioB  m  H 
even  at  the  boiling  heat 

Aaobromoptienylamlna   or   Diarohromohtnsenf,    C*H*BrK*  -»  ^^^°5i      '[k 

(Griees.  Proc  Hoy.  Soc.  1864  [%]  696.)— The  nitrate  of  this  base  is  pcodoeed  byt^ 
action  of  nitrous  acid  on  an  aqueous  solution  of  nitrate  of  bromaniline  or  an  alMnal 
aolutjon  of  azobromodiphenyl-diamine,  just  in  the  same  manner  as  acophenyUauM  is 
prepared  from  nitrate  of  anilinp  or  from  azodlphenvldiamine  (p.  429).  In  thefccBtf 
CAfir^  thr^  nitrous  acid  f^s  must  be  piissed  very  rapidlv  at  first ;  otherwise  aiottoisodi 
pbenyldiamine  will  be  formed,  which  is  very  difficult  to  convert  into  nitrate  of  W^ 
hromophenylamine  in  an  aqueous  solution.  The  product  obtained  bj  either  prooM 
may  be  purified  by  repeated  solution  io  alcohol  and  precipitation  with  ethers. 

The  concentrated  aqueoui  solution  of  the  nitrate  treated  with  strong  cauj^c  potuk, 
yields  the  compound  OH'BrN'.KHO,  from  which  the  asobromopbenylaaiDf 
may  be  separated  by  dilute  Hcetic  acid  in  Hlender  bright  yellow  nettdles.  It  auy  the 
bf'  obtained  as  a  bright  yellow  ainor|>hoa»  precipitate  by  ttdding  potash  to  the  a'^i 
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•olution  of  the  nitnitA.  In  eitlier  cam  it  matt  be  quickly  removed  from  tbe  mcther- 
liquor  and  dncd  over  oil  of  ritrioL 

Azobromophenylftmine  is  a  Tcry  dangerouB  compound,  the  aligfatMt  preanm  areren 
contact  vith  &  roafch  ohjert  enuring  it  to  go  off  id  a  fiery  pxploaion.  (^qnalliDg.  if  not 
«xcei*diDg  in  riolence  that  of  axophenyl amine.  It  is  ma(^h  more  stable  at  ordinarr 
t«mp«rature«  than  azophcnylaminn ;  neTerthrloiie  it  doee  not  long  remain  unchanged, 
and  aftor  bi'ing  k^'pt  for  Rome  lime,  learee  a  reddiah-brown  residue  which  do  longer 
cxplode<<  even  whr*n  healrd,  and  appears  to  havo  lost  all  its  nitrogen.  EtJi^  dlaaolTca 
aeobromophony Limine  with  eToltition  of  gaa,  frequf'otly  violent  enough  to  cause  explo* 
vion.  Azobrumophenylamine  when  receutl/  prepared  dissolvea  in  poUuh  ana  \a 
minerct  acids, 

8ax.Ts  OP  AjeoinkO)coFHium.aicxxs.  These  saltn  maj  be  formed  bj  direct  combint- 
tioD  of  the  base  with  acidx.  bat  more  conreniendy  by  method!  similar  to  thoae  alntdy 
de«rnbf'd  for  the  preparation  of  salts  of  azophonylamine. 

The  hifdrobromatr^  C*H'BrK*.HBr,  is  obtained  by  decoropoeing  a  solution  of  the 
sulphate  with  bromide  of  barium,  or  by  the  sotioa  of  an  ethereal  solution  of  bromine  on 
^_aa  ethereal  solution  of  azobromodiphenyldiamioe: 

^m  C'H'Bp^N"  +  Br»     -     C«H^rN».HBr  +   C*H*Br^   +   HBr. 

^^ft  AiobrotcoNlipheDjrU  Hjdrobronuua  of       TrtbronsnUlne . 

^^H  ttLtmlne.  lAiobromopbeojI- 

^^H  amine. 

^^  It  forma  white  shining  scales,  reiy  soluble  in  water,  less  soluble  in  alcohol,  iosolnble 
in  elhf-r.  In  the  dry  state  it  may  be  kept  for  a  long  time  without  decomposition. 
When  heated,  it  explodes  almost  as  violently  as  the  nitrata.     Its  aqueous  solutioD 

I        treated  with  moist  chloride  of  silver  yields  the  hydro»*hlorat«. 

I  TheArofliop/arina<«,2(C*H'BrN'.HBr)Pt"Br*,iaobtainedbyprecipitatioD  in  ruby- 

red  cryst&lB ;  when  heated  with  carbonate  of  sodium,  it  splits  up  as  shown  oy  the  equation : 

2(OH"BrN'.HBr).PtBr«  =  2C^*Br«  +  Br«  +  N«  +  Pt. 
benienct. 
Pethromide  of  dso&romophenylammoniuTn,  C*B*BrN*.Br*.  is  obtained,  by 
treating  the  hydrobroroata,  nitrate,  or  sulphate  with  excess  of  bromine-water,  as  an 
orange-colourfKl  crystAlline  precipitate;  sometimes  also  in  the  prepamtion  of  the 
hydrobromate  from  azobromodiphenyldiamine,  in  which  case  the  nyan>brt»mate  may 
be  dissolved  out  from  it  by  washing  with  cold  water. 

The  perbromide  crystaUises  from  solution  in  a  small  qnantity  of  cold  alcohol  in 
oT»nge-coloured  monoclinic  prisms,  insoluble  in  water,  frwiy  soluble  in  warm,  sparingly 
ID  cold  alcohol,  very  sparingly  in  cold  ether.  Whoo  heated  aJooe  or  with  carbonoifl 
of  sodium  it  is  resolved  into  dibromobencene.  bromine  and  nitrogen : 

CH^BrN'.Br-     ==     C*E«Br»   +    Br»  +    N\ 
It  is  also  converted  into  dibromobenxene  by  boiling  its  alcoholic  solub'on.       With 
aqueottfl  ammonia  it  yields  azobromophenylene- diamine,^        '^  H*  C^'* 
OH'BrN'.Bp*   +    ASB}     -     C'E'ErN*   +    8NH*Br. 

In  like  manner  with  etliylamine.  phenylamine,  &&.  it  yields  e thy K  and  phenyl - 
aaobromO'pheny lene*diamine,  &c. 

Hydroekloraie  of  Azobromophent/tamiitr,  C'H'BrN'HCl,  ia  obtained  by 
decompoBino;  the  nqueons  hydrobromate  with  moist  chloride  of  silver.  The  ckloro' 
attratg,  OH'BrNMiCLAwCl',  is  precipitated  by  auric  chloride  from  the  nqupous  nitrate 
OS  a  yellow  oil  which  B<]on  Nidifies  to  a  crystalline  tnoBs.  It  is  insoluble  in  water, 
but  dissolves  in  warm  alcohol,  crystallising  therefrom  in  ftmiill  goldeo-yelJuw  shining 
platoo.  It  is  des-'oniposed  by  sulphydric  acid  in  the  mimn  miinnep  as  the  gold-salt  of 
azoph«nylftmine  (p.  430).  The  ehloroptativatf,  2(OH»BrN«.HCl)Pt*'Cl',  is  pre- 
cipitated by  platinic  chloride  from  the  nitrate  or  sulplmie,  in  small  yellow  crystals 
winch  appear  under  the  microscope  as  fmctured  plates  and  ape  almost  infioluWe  in  any 
neutral  nolTeot.  They  are  stable  at  100°.  Heated  with  carbonate  of  sodinm  it  yicl<ib 
chlorobromobenzcne  according  to  the  equation  : 

2(C-H»BrN«.Ha)JPtCl*     -     2C*H«BrCl   +    Pt   +   Cl»   +   N*. 

Nitrate,  C'H'BrN«.NHO».— Prepared  as  above  described  (p.  436).  Cr7ntAllise8  in 
pure  white  scales  or  repilar  rhombic  plates,  very  solnble  in  water,  sparingly  soluble 
in  strong  alcohol,  almost  insoluble  in  ether.  It  explodes  when  lieuted,  struck,  or  pressed, 
but  not  eo  violently  us  nitrate  of  azophfnyUmiDe.  When  boiled  with  water  it  is 
resolved  into  bromopbenic  acid,  oitric  acid,  and  free  nitrt^eo  : 

CH^rN'.NHO'      ^-      H»0        -       OH*BrO      +     NHO»     +     N«. 
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Boiled  with  aleokol,  it  jieldj  bromobeiiMai  and  probably  bromodinitropbraic  add : 
2(C«H'BrN«NH0»)     +      CH«0       «       C*H*Br     +     <?H'Bp(NO')K>     +     CB*0 

NlU-nte  of  Asobmmo*  Alcihul,  Brofnubcnsene.        BromoiilnUrDphenlc  AMcfef4*. 

pbcnjUmin*.  acid. 

+     H«0     +     V\ 

With  ammonia,  it  forms  azodibromodipbenyldiiimine,  together  with  a  ^eUov  bodj: 

2C-H'BrN«     +     NH'       -       C"H'Br»N»     +      N» 
The  ■ftme  compound  is  formnl  on  uddiog  &  conceiitrat«d  aqneoiisaolutionof  theiiititte 
to  an  alcoholic  Bolution  of  brtitnaniline : 

C'H'BrN'     +      CH-BrN       «       C"H*Br»IC ; 
With  aniline^  the  nitr&to  jrields  AEobromodiphenyldiamine : 

C^"BrN'.NHO*     +     2C»H'N      -       C'«H"BrN»     +     O^Tff.NHO*. 

identicftl,  or  »t  leurt  i9om«nc,  vith  the  prodnt^t  obtained  by  the  action  of  bronumUna 
on  nitrate  of  asophenyUmine  (p.  432). 

The  aqaeoQB  solution  of  the  nitrate  mixed  with  oxybenzamie  acidyielda  aiobrODO- 
phen  vl-ozybenzamie  acid,  CH^BrNH)',  which  cryst&Uiaes  6om  ether  in  snuU 
roundish  lamps  of  small  needles  or  plates,  and  in  every  other  reepect  ie  similar  lo 
mxophenyl-oxybenzamic  acid  (p.  433^ 

Sulphate  of  Asobromopkenylamine^  C^'BrN'.SU'O*,  obtained  by  theactzoa 
of  sulphoric  add  on  the  nitratA  ciTBtalliB<!9  in  very  fin"  colourless  prisma,  vety  aohible 
in  water,  sparingly  soluble  in  alcohol,  almu«t  inm>luble  in  eiher.  It  im  compAtatively 
stable,  and  may  be  recrystullisM  frum  water,  without  the  slighteat  decommiaitioa,  ^ 
evaporation  over  oil  of  rilrioL  It  explodes  by  heat  and  ia  decomposed  by  bouing  wsUr. 
When  heated  with  tulphuric  anJ,  it  is  converted  into  a  sulpho-aeid,  probably  disal- 
phobromophenylenic  aciil,  C*H'Br.2SH'0V 

CoMPotKDs  or  AjEOBKOMopHEnrijuiuniwrrH  Metallic HTOaiTM. — Thepotomian- 
compoundf  C"H'BrN-.KH<).  is  prepared  and  purified  exactly  like  the  corre«pandiiig 
compound  of  azophenytamine,  fnini  which  it  differs  in  being  prtsripitated  trota  its 
alcoholic  Bolutiun  by  elher  as  a  white  gnUiinouit  laaaA,  and  not  ia  crysUda 

The  silvrr-nalt^  d'U'HrN'.A^HO,  ut  an  almost  insoluble  precipitate,  reiy  aimilar  In 
the  corresponding  coropoDnd  of  ii£opbenyIamine  (p.  433). 

ABodiHromoplienylainlne  or  Diarodi&romoberuenf,  OM*Bt*N'.  (Grieaa,  PfaiL 
Trans.  1H64  [3]  704). — The  nitraie  of  this  base  is  obtained  by  paaaing  arupid  coirtni 
of  nitrous  add  into  aqueous  nitrate  of  dibromaniline  eonlaining  free  nitric  acid,  then 
lesringthe  sulutionto  evaporate  spoDtaneously,  dissolring  the  residue  in  weak  aioc^iol, 
and  precipitating  with  ether.  It  can  be  reoystallised  from  wattr  or  alcohol  ly 
craporatiou  below  the  boding  points  of  the  respectire  solutioaa.  The  aqoeoiu  solttti<» 
is  remarkably  etaUef  not  being  completely  decomposed  cTen  by  aerenl  hoar*  boiling 
The  salt  ciyst&llisee  in  fine  white  needles  or  elongated  hexagonal  platee.  It  does  not 
detonate  so  nolently  as  thf>  nitrates  of  sxopbcnylamine  and  azobromophpnyhtmine. 

The  perbroptidf,  C'H'Br'N'.Br',  produced  by  adding  bromine-water  to  the  aqufoas 
nitrate,  ii  precipitated  in  long  slender  needle:^.  By  boiling  with  aicohol,  it  yidds 
tribromobenz^ne,    C^H'Br*.       Aqueous    ammonia    converts   it   into    asodibromo* 

(CHIT')- 
phenylene-diamine,  C"H*BrT«'  «       Br» 

H« 

ThechloropUitinate.2(CH<Br'N'.HCl)Pt"'a\  separates  on  adding  pUtinic  cfalorida 
to  the  hydrochlurate,  in  small  orange-coloorod  oral  plates,  sparingly  aoluble  in  water. 


I 
I 


\ 

ia    converts  it  into    asodibromo*     H 

y  I 
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3u  Chlorophtnylamint$, 

BCeao«hIoreplieuy-lamlne,  or  OUoraxklUne,  C«H*C15     -.     ^*5*,*^[N.— Of 

this  biso  there  iLrf>  aUo  two  mudificatioug,  analogous  to  a-  and  3-brotnaniline,  *-yh*M*»*g 
oorresponding  diiferoncee  of  physical  proper!  tea  and  produced  by  analogoua  reactigiiib 
Tbe  first  weib  discovered  by  Hofmann  (Ann.  Ch.  Pharm.  lui  1);  the  second  bf 
Grieaa  (Phil.  Trans.  1864  13]  713). 

preparation  of  a-chloraniiine. — 1,  Chloriaatin  is  distilled  with  potash-ley  or  hydn(« 
of  potassiuiDf  till  tlie  residue  has  become  solid,  gives  off  ammonia  together  with  tbe 
hydrogen,  and  yields  a  blue  eublimafe  and  a  brown  oil  which  no  longer  aolidiflaaaa 
cooling.  The  eolidilled  oU  which  flr«t  passed  ov**r  is  tlien  collected  on  a  &ter,  freed  firen 
ammonia  by  vMex^  and  cryrttuilised  from  boiling  alcohol  (Hofmann). — 2.  Chlon}- 
phenylacetamide,  (C*H*C1)(C^H'0)HN  (obtained  by  the  action  of  chlorine  on  pheotl- 
acetamide),  yields  by  disti'Ution  witJi  potash,  a  large  quantity  of  chloraniline  (Mil  fs)i 
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8.  Bt  Uie  action  of  sulphide  of  ammontum  on  3-nitrochlonibenKPOfr  (p.  416)  (Q  r  i  t^a  «), 
— 0H?hloninilinp  is  obtained  by  the  uction  of  tmlphide  of  ammouium  on  «-nilrucliloro- 
b«rimn«.     (GriesB.) 

Proprrtirg. — Aipha-chloraailine  dTataUlsea  in  octahedrons  hanog  a  diamond  luMre, 
h^MvitT  than  water,  melting  between  64*  and  6fi**,  into  a  yellow  oil  which  aolidiHcs  ;it 
67°  in  large  octahedronB.  It  evaponles  even  at  ordinary  l/'mperaturea,  ho  thxt 
bydmchlorie  acid  held  over  it  pzt>dnc«a  ftimea;  may  be  eaitity  distilled  with  water, 
boils  by  itself  at  a  temperature  above  200°,  and  with  some  decomposition,  so  tbnt. 
togfther  with  the  oil,  the  aboTe-mentioned  blue  prodnct  pusses  over.  It  has  an  agree- 
alfle  Tinons  ckIoot  and  an  aromatic  burning  t4u<te  like  that  of  aniline ;  does  not  net 
\ipon  Tvd  litmus  or  turmeric,  but  turnn  dahlia  Oowers  green. — ^-chloranilioe  is  an  oil 
wnich  remainji  liquid  at  common  temp/^mtures. 

Chtoraniline  (a  or  3)  diflsolvea  sparingly  in  water,  the  bailing  solution  becoming  millcy 
and  depositing  octahedral  crystals  in  cooling ;  soluble  in  wood-^rit,  in  oicakM  (readily 
when  hot),  in  ether  (which  abfrtracts  it  from  the  aqueooa  solution),  in  acetone,  ana 
•asily  in  anlpbide  of  carbon  :  aim  in  oil*,  both  fixed  and  voUtile.  The  hot  saturated 
aqneoos  solution  mixed  with  tincture  of  galls  furms  yellow  flakes  on  cooling. 

DrcompaertifntJi. — I.  ChlnrHDiline  bums  with  a  bright,  strongly  fnligiooas  flamft, 
baring  a  bright  green  border. — 2.  CMiimne  together  with  water,  conrerta  chloraniliDw 
partly  into  trichloraniliDe,  partly  into  trichlorophnnic  acid : 

C*fi*ClN     +     Cl»       -       C'H'Q'N     +     2HC1 ; 
and: 

C"H*Cm     +     Cl«    +     H=0     -       OH'CIH)     +     HQ     ♦     NH'CL 

3.  Braminr,  either  anhydrous  or  hydrated,  decomposes  cbloraniUne.  with  great  erolo 
tion  of  heat,  forming  dibromochloranilina  and  hyurobromic  acid: 

C'H'CIN     +     Br*       «       C«U*Br»ClN      +     2HBr. 

4.  Heated  with  atrongflttrira^,  it  begins  to  boil  and  continues  boiling  eren  after  removal 
from  the  Are ;  girea  off  nitrous  acid ;  and  yields,  first  a  dark  red.  then  a  black  opaque 
liquid,  and  aflorwards,  as  the  beating  is  continued,  a  clear  scarlet  snlution,  which  doe« 
not  precipitate  nitrate  of  silver,  and  on  cooling,  yield,  somctimca  golden  yellow  nvedlea 
rnserabling  picric  acid,  and  probably  consiaCing  of  dinitrocblorophenic  acid  OH'^NO')* 
CIO,  eometimes  a  resin,  which  is  precipitated  by  water  in  yellow  flakea,  and  diasolvea 
with  (Joep  yellow  col'iur  in  alkalis,  alcohol  and  elher;  the  !*olution  of  tins  r**ain  in 
alkalis  ia  precipitated  by  acids,  and  itsanimoniacal  solution,  when  freed  fnmi  exws*  of 
ammonia  by  boiling,  precipiUit^a  silver-solution  reddish -yellow,  sometimes  also  in  yellow 
crystalline  spangles. — 5.  The  aqui*ous  solution  of  chloraniline  acquires  a  very  faint 
violet  tint  when  tr«at«d  with  chiorttU  of  lit/u. —  S.  With  chtoraU  of  potassium  and 
hydrochloric  acid,  chloraniline  forms  a  violet-red.  then  a  turbid  brown,  and  ultimatflv 
a  colourless  liquid,  which  at  Hrat  depnsita  crystalline  perchJoroquinone,  together  with 
tri-  and  penta-chlorophonic  acid  in  the  form  of  a  brown  riscid  substaooe  soluble  in 
alcohol,  bat  after  deeclomtioD  contains  nothing  but  perchloroquinone  and  Bil-ammoniiic; 
the  same  reaction  therefore  aa  wilin  aniline: 


further: 


a* 


a- 


HK)       - 


HK)       - 


c^-a'o    ■»- 

Tricbtorophsole 

c*nci'o    + 

P«Otacblorupti«Dlfi 


NH*Cl 


NH^a 


ECl; 


SHCli 


and: 

C^«C1N     ♦     Cl«     +        0"      -       C«CI*0«         +     Nn*Cl     +     2HCL 

Perch  loroqulnona. 
7.  The  ciyatals,  immersed  in  aqueous  chrtymie  acid,  turn  brown  and  become  resiniaed; 
the  dry  mixture  takes  fire  at  the  molting  point  of  chloraniline. — 6.  Aqueous  chlorani 
line  imparts  lo  ferric  salt*  a  green  colour  by  dcoxidntion,  and  on  boiling,  depoeita  m 
blackiah-violet  product  eolnbl"  in  fllcohol.— 9.  When  ilie  vap^iur  is  paaaed  orer  Nmt  at 
a  low  red  heat,  aniline  and  ammonia  poas  over,  a  large  quantity  of  charcoal  is  separated, 
and  chloride  of  caldum  is  formed: 

2C>H'aN     +     CaO       -       OITN      +     (?•     +     CaCl"     +     NH«     +     H»0. 
10.  Melted  jfota4>9i»rn  immersed  in  the  vnpour  of  chloraniline,  forms  chloride  and 
cyanide  of  potawiinra,  with  vivid  in.-andesicence  and  separation  of  a  laigt  quantity  of 
charcoal.   On  thp  other  hand,  pot(usium-amai<jam,  with  water,  rodoeea  chloranilina  to 
aniline.    (Hofmann,  Ann-  Ch.  Pharm.  Uvii.  76.) 

Cliloraniline  ia  not  so  strong  a  base  as  aniline ;  it  doea  not  precipitata  aolphate  of 


440 


PHENYLAMINES : 


Bluminiam  or  ferroua,  fernc,  or  zinc  saltB ;  it  exptli  ammonia  from  ammoniACftl  m\% 
vkfn  heated  with  them,  but  is  itself  precipitataa  hy  ommonU  from  iu  htdtcdUone 
acid  Bolutlun,  and  ocutraliseb  lu-ids  but  imperfectly.  iLa  salta  mo»tl^  cryvtAUiee  x««£Ij, 
wd,  in  con8equoDc«  of  their  Hpanng  solubility,  are  gco«nlJy  precipitated  on  maui|;  u 
acid  with  alcoholic  chloranilinc,  in  the  form  of  a  cr^ttalliD*  pulp,  which  may  W  poisJBad 
by  rrcrj'fltiillisHtion  from  boiliug  water  or  alcohol  They  are  naoatly  ooloarlm  < 
ypUuw^ibli  in  maaa,  and  violet  when  they  contain  ezcesa  oi  acid ;  they  rrdden  IhttM 
even  whou  completely  satumt^d  with  tli«  baae.  Like  the  aniline-flalts,  thry  imparl  a 
dfpp  yoUow  colour  to  firwood  and  elder-pith,  but  with  chloridr  of  lime  they  i 
only  a  very  faint  violet  tint,  chnngiDg  ufurwarda  to  orange-yrllow.  Tbey  an 
diately  decomposed  by  alkulis;  aim  by  alkaline  carbonates,  with  evolation  of  c 
acid,  iaatmuch  as  that  acid  does  not  combine  with  chloraniliQe. 

UydrochloraU  of  CUoranUine,  C«H*ClN.HCL*Hydiochloric  acid  catnnlad  it  a 
boiling  heat  with  chlonniline,  yields  on  cooling  huge  crystala,  vbicb  may  be  ^ 
furtber  dereioped  by  slow  evaporation  of  their  aqueous  solution  over  oil  of  vitnoL 
They  have  the  same  form  as  bydrodilorate  of  brumaniUne.  Tbey  are  penaaimi 
in  the  air,  become  opaque  when  warmed,  and  sublime  nndecempoeed  when  eaaSiosriT 
raised  to  a  higher  temperature,  whereas  sudden  heating  decomposes  thera,  wiia 
formation  of  a  violet  vapour.  The  chhrttftlatinaU  of  a-chloraniiint^  iOH'ClNi'CP. 
Vl**Cl^  separates  on  mixing  a  cold  solution  of  the  hydrochlorate  with  platiaic  chloride, 
as  a  beautiful  orange-oolonred  precipitate,  and  a  hot  mixture  of  the  two  aalta  solidiJIsi 
on  cooling  to  a  pulp  of  crystalline  lamina.*;  the  salt,  when  exposed  to  light,  beooav 
covered  with  a  violet  film.     (Hofroann.) 

CfUftrnpIntinate  of  $-ehloraniUne  forms  yellow  crystals  difl&rmg  cozisiderably  in  Com 
and  solubility  from  those  of  the  o-salt.     (Oriess.) 

The  aqueous  solution  of  ckloraniiine  forms  a  red>brown  precipitate  with  tricVtHia 
of  gold  and  an  orange-coloured  precinitnie  with  chloride  of  palladium^  The  coid 
aqueous  solution  of  chluraniline  immediutety  forms  a  white  precipitate  with  mmtmu 
chioride ;  the  hot  mixture  Holidities  after  a  while  into  a  magma  of  needle-th^id 
crystals.  A  mixture  of  the  aqaeons  solutions  of  chloranUine  and  sfanmotu  cMkni* 
quickly  solidifies  to  a  silver-shining  crystalline  mass. 

HitraU  of  ChloranUine. — The  solutioD  of  chloranUine  in  warm  dilute  citric  arid 
becomes  filled,  as  it  couU,  with  birge  crvstalline  lamina*,  mostly  of  a  reddish  ooloot. 
These  crystals,  which  ci\nnnt  bo  sublimed  without  decompoaition,  melt  when  heated  ta 
a  tube,  into  a  dark-colouri^d  mas^,  which  diasolvea  with  splendid  violet  ooloor  in  alcohol, 
while  part  of  the  salt  cryt-talUaca  oat  ondecompoaed.  The  salt  disaulrea  pretty  nidfly 
in  water  and  alcohuL 

(C*0«)'' ) 

Oro/oie  (acirf)  o/CA/ofawi/iV,  C^H'CIN.C'H'O'^K)    -   OH^Cl^  >  0»^»0.— The 

H  > 
eolation  of  chloraniHne  in  the  warm  aqueous  acid  yields,  on  cooh'n^  crystals,  whidl, 
when  recrjrataUiacd  from  boiling  water,  form  prisms  made  ap  of  smaller  ooea  joined 
together.  Tbey  have  a  sweetish  burning  taxte,  and  dissolve  sparingly  in  water  and 
alcohol;  the  aqueous  Bolution  becomes  coloured  on  exposure  to  the  air  and  deposits  a 
red  powder.  It  does  not  appear  possible  to  obtain  a  neutral  oxalate  uf  cblunuiilino  ia 
the  crystalline  state. 

Phosphate  of  ChloranUinf. — Alcoholic  chloraniline  solidifies  with  aqueous  pho^pbcne 
acid  into  a  magma  of  crystalline  laminK,  which  dissolve  pretty  readilj  in  water  aid 
alcohol. 

8tJphat€  of  ChJoranUine,  (C-H«Cm>».H^O«  -  (C«H'C1N)'80*.— The  white  cfjital- 
line  magma,  into  which  alcoholic  chloraniline  solidifies  when  mixed  with  a  email 
quantity  of  acid,  yields,  when  dissolved  in  boiling  water,  confused  violet-white  bnwin- 
and  when  dissolved  in  boiling  alcohol,  silvery  needles  amineed  in  stellate  givapt. 
The  eryiitalH  when  heat^ni  pvo  off  a  small  quantity  of  cMoranilioe,  then  bl^Aea,  aod 
evolve  sulphurous  acid.     Tbey  are  \esa  soluble  in  alcohol  than  in  water. 

Aqueous  siiiphatf  of  copper ^  which  is  not  precipitated  by  aqueous  chlonuiiline,  sooa 
bpcomes  deculoriaed  by  boiling  with  crystalline  chloraniline.  and  depot-its  a  bronis- 
colourtrd  cryetallitie  mass,  which  is  insoluble  in  wttlT,  and  dissolves  but  sparingly  in 
boihng  alcohol,  whence  it  cryHtalUses  in  spangles  ou  cooling;  probably  a  aoofaie 
saJphute  of  chloraniline  and  copper. 

C«H»C1») 


SletaoranlUne,  OH'Cl'K 


H' 


N.     (Hofraann,  Ann.  Ch.  Pharm.  liS. 


33  and  67. — Orinss.  ihhl.  cixi.257.) — Hofmnnn,  by  distilling  dichlortsatiii  atill  «o»- 
taining  montx.-hluri»atin  with  potash,  obtained  long  prisms  eonsiating  of  dichloraniline 
mixed  with  a  small  qurinlily  of  the  nmnocblonnated  base.  Dichloraniline  is  how* 
•vi-r  more  easily  prepared  by  paM-iog  chl<  'ri  ne  into  pheuy lacetamide  till  the  raaas  becom'V 
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mther  soft,  and  distilling  the  reanlting  dichloropheDjI-aeetJUDida  wftb  poUah.  Itmuj 
b«  parified  in  the  sfttne  manner  as  dibromaniline  (Grieaa).  It  cr^ataUiflM  in  whit« 
■e«<lles  Dearly  insolable  in  it<ater,  eaailjr  soluble  in  alcohol  and  etkfr.  Tb«  pUttnum* 
mUt,  2C"HH;i'f^.H>Cl*JV*Cl\  fomu  yellow  needlea  eaailj  ddoompoaed  bj  hot  water. 
(Grieai.) 

TrlolUoroptaeiiylainliie  or  TrtohlonuiUlne.  (Erdmann,  J.  pr.  Chem.  xix. 
831,  xxr.  \''l. — H  ut'mana,  Ann.  Ch.  Pliann.  liii.  36.) — This  compound  (the  cJWon'w- 
daimit  q{  Erdmna  n,  who,  however,  overi(X)kt*d  the  nitrogen  eoDtained  in  it),  di»- 
tthi  OTer,  logpihcr  with  trichlorophenic  acid,  in  the  prepamlion  of  the  latter  by  tlio 
action  of  diJorina  on  indigo  (p.  393)  (Erdmunn).  It  is  also  produced,  togpth'^r 
vith  t-richlorophtjiiic  acid,  by  the  action  of  chlurinc  on  aniline  or  monochloraaitiof  ;  mid 
when  this  mixture  is  distilled  with  potash-ley  into  a  well-cooled  receiver,  the  iriohlur- 
aniline  passes  Qvtr  in  needles  floating  on  the  water,  and  aa  an  oil  which  soUdifiea  in 
the  crystalline  form.     (Hofmann.) 

It  crystallises  in  delicat^^  white,  very  fra^nle  needlea  and  laminip,  easily  melting  into 
a  colourless  oil  which  crystallises  on  cooling;  it  is  Tolatile  and  neutral,  andoaaa 
p«culiar odonr.     (Erdmann,  Hofmann.) 

Itdiasolvcff  Bpariu^ly  in  cold,  more  freely  in  boiling  voter;  readily  in  o/ocnW  mod 
€tAer;  does  not  combine  t-ilherwith  adds  or  with  alAaiis. 

With  nitric  acid  it  eTolves  nitrous  fumes  and  forms  a  yellow  solution  which  toma 
red  when  mixed  with  potash  (Erdmann). — The  vapour  passed  over  heated  soda- 
lime,  yields  a  large  quantity  of  ammonia,  and  when  passed  over  melted  pot^issiam,  it 
Yields  a  Isr^e  quantity  of  cvanide  of  potassium  (Hofmann). — It  is  not  decompc«ed 
by  distillation  with  potaah-ley.     (Erdmanut  Hofmann.) 

OHlorodlbromaalUne.  C*H*CIBr*N  -  *^'^h«^^[^'  (Hofmann,  Ann.  Cb. 
Pharm.  liii.  38.) 

preparation, —  1.  Crystalline  chloraniline  treated  with  anhydrous  bromine  beoomea 
Tery  Bot  and  gives  off  a  large  quantity  of  hjdrobromic  acid,  assume*  a  violet  colour, 
and  is  converted,  aft^r  it  no  longer  abborbs  brumine  even  wht?n  melted,  into  chlorodi- 
bromaniline,  which  solidities  on  cooling,  and  mu&t  be  washed  with  cold  water  and  rcH 
crystallised  from  alcohol. — 2.  When  the  whitiHh  precipitate  which  bromine-water 
forms  in  an  aqiieona  smlution  of  a  salt  of  chloraniline,  is  diNsulved  in  hot  alcohol,  a  pale 
Tiolet  solution  is  obtained  which  yields  npedle-^haped  crystals. 

Properiirs. — White  prisms,  often  with  a  tinge  of  red.  They  melt  in  hot  water, 
formittff  a  brown  oil,  which  volatilises  with  the  vapour  of  boiling  water  and  sablimM 
in  ahining  noddies.  Insoluble  in  water,  eotublc  in  alcohol  and  ether;  decomposed  by 
■trong  nitric  acid. 

It  doeenot  exhibit  thecharactters  of  a  salifiable  base  ;  it  dissolves  indeed,  with  violet 
colotir,  in  oH  o/viiriot,  but  is  precipitated  therefrom  by  water;  dissolve*  also  in  hot 
strong  hydrochloric  acid^  bat  the  greater  part  of  it  aoparatea  on  coohng,  and  the  rest  on 
addition  of  water. 

It  dissolves  without  alteration  in  warm  ammonia  and  potOMh  ;  does  not  form  com- 
pounds with  chloride  of  mercury  or  tetrachloride  of  platinum. 

ABeoiaoropl&eiirlmmlna  or  IHaxochlorohttum*,  OH'CIN*  «    (C^HON  )  }^ 

(Griesi.  Phil.  Trans.  1864  [3]  705.)— The  nitrate  of  this  base,  pretAred  like  that  of 
•Tibromophenyl amine  (p.  437)*  crystallisea  in  small  white  plates  which,  when  boiled 
with  wat-er,  yield  clilurophpool 

The  perhromidf,  C*H*C1N',  Br",  forms  yellow  prisms  which  are  decomposed  by  boiling 
alcohol,  ^-telding  broniochlorobensrne,  isomeric  or  idenlical  with  that  obtained  from 
the  chloroplatiuate  of  azobromophenylamine  (p.  436).  When  decomposed  by  am- 
monia, it  yields  afochlorophenyleQe-diamineordiazocblorobonxoylimidfl^ 
C'H*aN". 

The  chloropiiitinaU,  2fC*H*ClN».HCl.jPt"Cl*,  forms  fine  yellow  needlea  which,  when 
heated  with  carbonate  of  sodium,  yield  aichlorobenzene. 

Aaochlorophenylamine  precipitated  by  acetic  acid  from  its  compound  with  hydrate  of 
potassium,  i^a  lemon-yoUow  explosive  powder. 

AxodlolLloropli«nxt«inln*  or  Diaxodichlorohenjsent,  CH'Cl'N*.  (Griess,  2aa. 
ci^)— The  ttitrate  forma  white  plates.  The  pfrbromide,  C*H*Cl=N*.Br'.  cirstaUisea 
in  yellow  prisma;  the  chhropUUinatt,  ^C'E^CVS'M.CiyVt^'QV,  in  small,  yellow,  Twy 
brilliant  plates. 

4.  Cyanopkent/lamines. 

CjrABiUde  or  OTmaiUiiet  C^H*N»  »   ^h!*^{n.       {Cahonrs     and     Clo#t, 
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Coinpt  rend,  xxxriii.  38,  356.) — Wheu  pure  and  tctj  dry  gatecras  ehlorid«  of  cpa- 
ugen  is  ptiastM]  into  a  solution  of  aniline  in  anbydroas  dher  cooled  with  ior,  a  erjflu.  J 
line  dcpusit  is  formed,    conviflting  of  hjdrocblontc  of  aniline,    which   oantiaadj ' 
inereMMl ;  and  the  fiUmte  evaponited  orer  the  wafr-bath,  lesTes  <7Uii]ide  ia  Ifar 
I  fbrm  of  a  riiwid  muss  which  sohdifips  aa  it  cooU.    It  ia  a  reddish  Bufa«tanfle  x«MabfiBf 
wtopbouT  in  friability,  couchn'idal  fracture  and  trwuJQG«DC«.      It  u  oomplHn^  ^ 
eompgited  by  beat,  yielding  Torious  product*.     Its  oloobolic  solutiou  mixed  vxch  b/ds)- 
ebloratfl  of  aoiline  and  evaporated  for  oome  time  over  the  water-b»tli,  jields  c 
hydrochloiate  of  melaniline : 

Melaaillna. 

Cyanilide  ia  inaoluble  in  water,  bnt  dissolToa  readilj  in  alcohol  snd  Khar, 
added  to  the  aleoholic  or  ethereal  itolation,  immediately  ieparat«s  ft  Ttscooa  rafaatiMi 
which  gradually  becomps  crystalUae. 

Compound  of  Ct/anifide  with  ChlorvU  of  Cyanogm  :  Chi^bocta?ctlt7>«.  C'H^yn 
-=  2C'H«N»CNCi.  (Laurent,  Ann.  Ch.  Phyn.  [31  xxii.  97  )-When  aolid  fhlorid* 
of  cyanogen  in  the  state  of  powder  is  gradnally  introaaced  into  a  fia^^k  containing  aai- 
line  diseolrod  in  lukewtirm  water  and  the  rfN^utvite  quantity  of  alcohol,  chloracyaulidi 
folia  down  aa  a  whitr  cowder,  which  must  l^  waahcd  wiA  water  and  alixkbo)  ■aoM»> 
mvMy,  after  the  liquid  which  contains  the  hydrochlorat«  of  aniline  baa  been  decanted: 

40H'N     +      C»N»a»     -     C»*H'«N»C1     +     2<Cai'N^Cl). 

Ita  formation  is  similar  therefore  to  that  of  chlorocyanomide,  SCH'K'.CXCl,  bj  iha 
action  of  ammonia  on  solid  chloride  of  cyanogeiL 

Chlurocyanilide  eryal&Iliaes  from  alcohol  on  cooling  in  white,  highlj  Inatpoiai  ■»»• 
whftt  clnnpited  lominie,  and  alter  fusion  in  radiating  needles.  Not  Tolatile  withosl 
d*'i'ompu?ition. 

When  heated  somewhat  aboye  ita  melting  point,  it  givps  off  11 '8  per  cent  of  hrdr^ 
chloric  arid,  becomin?  lefi*t  fluids  and  nltimately  leaTea  u  grpeninh,  tranaparent,  xm- 
cninr  reoidun,  conUiniug  C'*H"N*.  It  dissolves  slowly  io  boiling  poi^tih^  and  on  Dentnl- 
ising  the  cuolrd  solution  with  nitric  acid,  a  whit«  flocculent  precipitate  is  obtained* 
whicfi  is  inRolulle  in  ammonia,  but  dissolTes  in  hot  weak  nitnc  acid,  aepar«tes  lo  lii« 
ibrro  of  a  jelly  on  cooling,  and  contains  62'6  p«r  C'nt.  carbon,  and  4*6  faydrogea 
(LaarentX  Laurent  regards  thift  substance  as  phenyl-ammeline,  C'*N*H**0  « 
C*H*(C*H*)'N^O  (which  bowcver  requires  2  per  cent  more  carbon),  and  represenia iti 
formula  by  thd  equation : 

C"E"N>a     +     KHO       t.       (P'H^'NK)     +     KCL 
The  subject  requires  further  investigation. 

CyansmlUne,  C'H'N*  or  mthcr  C'*H'*N«  -  C'«H'W.Cj»     (Hofmann,  Chrm. 

8oc.  Qu.  J.  i.  ItiU:  ii.  300;  Ann.  Ch.  Phnrm.  Uvi.  129;  Uxiii.  180.)— This  vabetoMr. 
thuugh  not  a  bubstitution-produot  of  aniline,  but  a  compound  of  aniline  and  cyaoc^ea 
furmcd  by  direct  union,  without  elimination  of  hydrogen,  may  be  conveniently  de- 
scribed in  this  place. 

To  prepare  it,  cyanogen  gns  is  paased  thmo^h  a  solution  of  aniline  in  a  aix-liiid 
quantity  of  alcohol,  till  the  liquid  smells  sirongly  of  it,  but  not  longer;  and  the  re- 
sulting crystals  are  freed  from  the  mother-liquor,  which  colours  them  rrddifh-yeUoT, 
either  by  repeated  washing  with  cold  alcohol,  or  by  washing  them  twin**  with  that 
liquid,  nnd  tsab^sequently  dissolving:  them  in  dilute  sulphnric  acid,  filtering  from  ami 
crj-staHine  powder,  precipitntiog  the  pale  yellow  filtmte  by  ammonia,  and  oystalliving 
thi*  ptile  yellow  puh'prulent  precipitate  once,  twice  ur  tliree  times  from  a  huge  qoonlity 
of  boiling  nlcohoU  till  colourless  lamine  are  obtained. 

Cyananilioe  ciystHlliAes  in  colourless,  silvery,  iridescent  laminn,  which  do  not  Tola- 
tili»e  without  decomposition,  even  in  company  with  vapour  of  water ;  they  melt  be- 
tween 210*"  and  220*,  and  soliJily  in  the  crystalline  form  on  cooling;  they  arebearier 
than  water;  inodorous,  tasteless  and  neutral.  The  acid  solutions  of  this  busedon<>t 
colour  firwood  yellow  ;  neither  do  they  turti  blue  in  contnct  with  chloride  of  lime,  or 
give  the  precipitators  of  aniline  with  chromic  acid.  It  ia  insoluble  in  wattr,  and  only 
hiifhfly  iHjluble  in  sulphide  of  carbon^  wood-^rit^  alcohol^  ether,  bemawtm  and  otfc, 
wtiether  6:xi»d  or  volntiln. 

Drccmpositiovs.—l.  Cyannniline  at  a  temperatures  little  above  its  melting  point,  tont 

brown,  cJiors.  and  gives  off  aniline  together  with  hydrocyanate  of  ammonia. 2.  Bfo- 

mine  b«ooTnes  strongly  heated  in  contact  w^th  cyanuniline,  and  perhaps  forms  at  flnl, 
bromocyananiline,  vbicli  however  is  ultimately  converted  into  tribramoniline. — 3.  The 
violet  BolQtioD  of  cyonaoilice  in  oii  of  vitriol  givps  off,  when  slightly  haat«d,  i 
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ofciirbonto  A&hjdride  mnd  oorbonio  oxid«,  which  Lutter  u  more  and  more  npUced  br 
vulphoroafl  aclA  aa  tX\e  hettt  iDcreases ;  and  the  liquid  oo  cooling  solidiflw  in  a  tsrytuS' 
line  oiiLBa  oonmstiDg  of  fulphate  of  unmoniarn  »nd  pbrajrl-BaipbAmio  ftctd : 

C'*H"N«   +    8H«S0*  +    H«0      -      2      (S0'}'>2      +  (NH')'SO*  +  CO  +  C0». 

4.  The  flolutioo  is  dilate  kydrochioHc  (or  di]at«  sulphuric)  add  aixm  ■tniriM  a  diYp 
jellow  colour,  and  when  evipoated  over  the  water-butb,  givM  off  w  odonr  of  phen^Uc 
cyHoate.  CH'.CNO  (ii.  196),  and  Icare*  a  white  eryetiJlino  maw.  fipom  which  wiU 
wiuDODiac  and  hjrdrcchlorate  of  aniline  are  extracted  by  cold  water,  and  afterworda 
ozamide  and  pbeDjl-oxamide  by  boiling  water,  whilst  dipbenjrl-oxamide  is  left  mu 
diaaolTed  in  qunntity  equal  to  that  of  the  oxaznide  and  the  pbenjrl-ozamide.  In  this 
oaae,  two  decoropoaitiona  appear  to  take  place  aimultaneooalj: 

(CXH)*) 


(I)  C»H»N*     +     2H«0     +     2Ha 


(a)  C»H'*N«     +     2BH>     +     2Ha       - 


2NH*Cl 


0«)') 

H»)nN«. 

V     J 


(C^O')- 
H* 
Oumld*. 


Dipbcuyloxainide. 


Ufdrocblorata 


At  the  moment  of  formation  (but  not  aftenrarda)  the  oxamide  and  diphenj-l-oxamide 
are  p&rtljr  converted  into  pfacnjloxamide  : 

C>H«N*0»     +     C'*H"NK)«       »       2C»H'N«0«. 

Oold  dilnte  arids  graduallT  eliminate  aniline  and  gire  off  the  odoor  of  pbra  jlic  eyanate. 
— 6.  Cyananiline  ia  not  altered  by  boiling  aqueout*  or  alcoholic  potafth,  but  by  ^ttaitio 
ktfdratr  in  the  state  of  fiuion,  it  is  conrertod  into  ammonia,  anihne,  hydrogen  gaa,  and 
carbonate  of  potassium : 

Ci«H<*N*  +   4KH0   +   2H^     -     2NH»  +   ^CETH  +  H"   +   2K«C0*. 

Salts  or  OrAiciJdiJKi. — These  lalta  are  formed  by  direct  combmatiun  of  the  acid 
and  baao,  and  mujtt  be  brought  to  the  aoUd  itate  aa  quickly  as  iKouible,  before  they 
decompose.  They  are  not  produced  by  passing  cyanogen  gns  through  alcoholic  aolu- 
tJoQfl  of  aniline-salta.  According  to  the  formula  C'*H'*N*,  ihey  muac  be  reganled  aa 
diacid  aalta. 

/iydrt>ffromatf,  Cl*H'*N*.2HBr. — Cyananiline  is  dissolved  in  boiling  dilut«  bydro- 
bromic  acid,  and  the  filtrate  immedialt-ly  mixed  with  an  rqual  quantity  of  coDcentralcd 
hydrobromic  acid,  which  separatee  cr)*8talB,  to  be  washed,  first  with  conc«^trat«<l 
hydrobromic  acid,  thon  with  ether.     The  aalt  is  very  much  like  the  fullowing. 

Htfdrochlorate^  C"H"N*.2HCK — The  yellow  solution  of  cj'ananUina  in  boiling 
dilute  hydruohloric  acid,  is  filtered  hot  and  immediately  mixed  with  an  equal  qiuuitity 
of  fuming  hydrochloric  acid,  which  decolorises  it,  and  aoon  causes  the  separation  of 
a  largo  quantity  of  colourless  crystals,  which  must  be  washed  with  hydrochlorio  acid 
and  then  with  ether.  These  crystals  have  a  very  aweet  taste,  and  are  permanent  whea 
dry,  but  decompose  in  the  moist  state,  becoming  at  the  same  time  insoluble  in  water. 
Their  aqueous  solution  yields  by  f>rMpnratiun,  the  same  products  of  decomposition 
aa  the  direct  eolutioo  of  cyananiline  in  dilut«  hydrochloric  acid  {tkd.  sup.).  Aniline 
added  to  the  aqueous  volution  of  the  crrstals.  precipitates  the  cyanamline  aa  the  veaksr 
baae,  and  acids  throw  down  the  crystals  in  their  original  state.  The  crystals  disaolva 
with  great  fiwiL^  in  water  and  in  alcohol.  The  chloro-4wrat<\  C"H"N*.a(HOLAuaO. 
ia  an  oraoge-coloured  precipitate  ublaiupd  by  adding  auric  chloride  to  a  aolution  of 
cyananiline  in  alcohol  or  hydrochloric  acid.  The  chioroplatmatr^  C'*H'*>'V2HClPt**Cl*, 
ia  precipitated  on  mixing  a  muderately  eoncentnit«d  solution  of  cyananilioe  in  hydro- 
^foric  acid  saturated  at  the  boiling  heat,  with  a  cuncontrated  aolution  of  platinio 
chloride,  and  leaving  the  liquid  to  cooL  It  forms  beautiful  orange -culoured  needlea 
which  are  soluble  in  water  and  alcohol,  bat  cannot  be  recrystallifled  from  thoM  liquids, 
the  solutions  yielding  nothing  but  chloroplatiuate  of  aniline  and  chloroplatinate  of 
ammonium. 

Hi/dnodaU  of  (^ananHine  resemblea  the  hydrocWorat*  and  hydrobromate,  but 
decompnses  qniokly  on  exposure  to  the  air,  with  separation  of  iodine. 

Nitrutr,  C»H'*N«.2lfN0*.— Cyansnihne  disMolrea  easily  in  boiling  dilnte  nitric  aeid, 
and  the  solution  on  cooiing  deposits  the  nitrate  in  white  needles  which  may  be  re» 
crystallispd  fi-nm  boiling  water.  It  is  but  slightly  boIuIIb  in  cold  water,  still  leas  ia 
aloohol  and  ether.     It  ^rms  a  cryatallisable  doubln  suit  with  nitrate  of  silver. 

The  Krafafe  and  $uipkate  are  very  soluble,  and  their  solutions  decompose  daring 
evaporation. 
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6.  Ivdophent/lamine*. 
Kono-lodopheiiTlaialne  or  ZoilanUlne.  CHIN  »       H'   (  ^' 

Ann.  Ch.  Ph&mi.  IxriL  64.)— To  prepare  this  compound.  1^  pt.  of  iodine  itpftbiOj 
dii»olTed  in  1  pt  of  aniline ;  the  solution  it  mixed  vith  lij^druchlonc  acid  of  fefvoK 

fraviiy  111  (a  atrongfr  acid  vuuld  ftcpuiUe  li^rdrochlorate  of  uniline) ;  the  wlutiacd 
ydrochloDile  of  HoiLine,  hydriodic  iicid,  dec,  ia  separaled  by  tillraiioo  from  tlu  pc- 
ctpitntpd  and  still  strongly  colourwd  hydrochl orate  of  iodaniline',  which  if  spui^lj 
Boluble  in  wat«r;  the  precipitate  is  washt-d  uoveral  Camps  with  hydrochJoric  aod,  ud 
cn-fftaUised  sf»reral  timi*a  from  boiling  wutpr,  at  la«t  after  boiling  with  Animal  ehatan], 
tiU  the  ci7stals,  which  are  at  6r«t  ruby-coloured  iind  contain  fr^v  iodine,  togelbervilh 
a  brown  induretted  deeomposilion-prudud  of  aoilioe,  are  completely  decolorised:  vaA 
the  iodaniline  is  precipitau<d  fh>ni  tht'ir  aquooas  solution  bj  anunonia,  as  a  white  ojt- 
tailine  powder,  which — in  order  to  free  it  &om  anv  of  the  Tellowiah  deoompodtiia' 
product  and  phoaphate  of  calcium  from  the  animid  charcoal,  that  may  still  adhcn  to  it 
— ia  diaBolved  in  alcohol,  filtertHl  from  the  yellowiah  product,  and  precipitated  by  wiUa 
in  the  form  of  a  white  crystalline  mias.  Thn  liquid  filtered  there&xun  yieUit^ 
evaporation  yellowiah  oily  drops  which  cr>'8tidli8&  ou  cooling. 

Properties. — White  crystalline  powder,  which  crTttallisee  from  solotion  in  foitm 
and  needlta,  never  in  octahednjiis ;  the  mass  eolidified  frum  cuuling  alao  nerer  m.* 
hibits  the  clearage-facea  of  the  octohodron.  It  is  heavier  than  water.  Melt*  at  40^, 
forming  a  yellowish  oil,  and  at  the  moment  of  soli diiicat ion,  ahowa  a  tempenfui*  df 
dp,  but  aomolimes  remains  liquid  even  at  the  ordinary  tcmperatare,  in  whi^eMi, 
contact  with  a  ^&b8  rod  of^^n  cansos  it  to  solidify  suddenly  in  a  crystAlline  mtsk 
When  evaporated  at  a  rather  strung  heat,  it  TolatllisflS  undeoompoaed.  and  ca«l; 
distils  over  eren  with  rapour  of  water.  It  has  a  vinous  odour  and  a  boming  aroaaMii 
taate,  no  action  on  v^euble  culuurs.  Like  anilinei  it  imparts  a  deep  yellow  cokv 
to  flrwood  and  elder-pith ;  but  chloride  of  lime  culonrs  it,  not  violet  but  roddiih.  Urn 
vapour  burns  with  a  bright  sootv  flame. 

Iodaniline  dissolves  vezr  sparingly  in  cold  k*at<T,  and  ctystalliaes  from  boiling  wrts 
in  interlaced  hairs.  It  dissolves  in  sulpkidt  of  carbon,  also  In  alcok&l,  ttker^  «m^ 
$pirit,  acftome^  snd  ot7s  both  flzed  and  volatile. 

Dfcompntitions,—}.  In  contact  with  the  air^  iodaniline  becomes  quickly  eornrarf 
with  a  brown,  metAlIicnlly  lustrous  &lm,  and  gradually  asanmea  a  black  coloor  eztnd* 
in^  throughout  the  whole  masa. — 2.  Chlorine  decomposes  iodaniline  into  tzidder- 
aniline,  tnchlorophenie  acid  (as  with  anihne.  p.  424),  and  chloride  of  iodine, — 3L  Witii 
bromine,  alcoholic  iodaniline  aolidifirs  in  the  form  of  crystalline  tribrom aniline,  vhib 
all  the  iodine  is  set  free  as  bromide  of  iodine.— 4.  Ckiorate  of  poUtssivm  with  %itf^ 
chloric  acid  forms,  ha  with  aniline,  trichhirophnnic  acid  and  pereh]oroqaiDon& — 5.  With 
strong  boiling  nitric  acid,  iodaniline  forms,  with  brisk  action  and  evolation  of  iodiar- 
vapour,  a  solution  from  which  picric  acid  cirstalliaes  on  cooling. — C.  Crystallierd 
chrtjmic  acid  decomposes  iodaniline*  with  violence,  but   does  not  set  it  on  fct.— 

7.  Gently  heated  poUunum  decomposes  iodaniline  with  violence,  forming  iodide  ud 
cyanide  of  potassium. — Potatnum-amalffam  introduced  into  aqueoua  nitrate  of  iodsa- 
iline,  immediately  forms  iodide  of  potassium,  and  reproduces  a  small  qaantity  of 
aniline,  whilst  the  greater  portion  is  converted  into  a  yellow  crystHlline  snhstAiM 
hiiving  an  aromatic  odour.  Zinc  immersed  In  iodaniUne  supersnt orated  with  entphvzie 
acid,  eliminates  iodine  and  aniline,  so  that  after  a  few  minuU'S  the  liquid  forms  al^ 
colour  with   starch,  and  after  saturation   with  pr:itash,  gives  up  aniline   to  ether.— 

8.  When  rh/oridr  of  ryan^^n  is  passed  tbr.:3Ugh  iodaniline  dissolved  in  ether,  hydro- 
chlorate  of  iodaniline  is  first  prfxnpilntod  but  oftirwanla  disappears,  and  the  iodaniliM 
is  converted  into  a  transparent,  slowly  ctrystallieing  resin,  which  is  a  mixtm  of 
hydrochlorate  of  di-iodomelanilme  and  lodophenyl-ca^amide.  Formation  of  krdb^ 
chlorate  of  di-iodomelaniline :  *^ 

2C-H*NI   +  CNa    -     C'*E"FN".HCL 

Formation  of  iodophsnylcarbamide  and  hydrochlorate  of  iodaniline : 

2C«H«NI  +  CNCl   +  H»0     -     (CO)"(C«H*I)H'N"  +   C«H«IN.HCL 

SiXTS  or  loDAxcLTivK. — These  salts  crystallise  with  the  same  Polity  as  the  aciliBS 
salts,  but  are  less  soluble.  lodanilinn  is  a  weaker  base  than  aniline,  and  is  sepanted 
by  the  latter  from  the  solutions  of  its  saks.  It  precipitates  the  salta  of  alomiidam, 
but  d(M>A  not  decompose  ferric  or  zinc  salts.  With  sulphate  of  copper  it  furma  a  yeOov 
prccipiiate. 

HvdrobromaU  of  Iodaniline  ftiacUy  reaeables  the  hydrochlorate. 

Xne  kj/droehloratf,  OH'IN.HCl,  is  sparingly  solubie  in  cold  water,  and  its  aqvcoai 
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■olstioii  IS  almost  entirely  precipiut«d  by  liydrochloric  add.  It  crystsUisefl  ftom 
boiling  water  in  large  thin  luniiue  or  needles  soluble  in  alcohol,  insoluble  in  ether. 
The  eJuoroawaU  is  an  unstable  scarlet  precipitate  formed  on  mixing  the  solutions  of 
aoric  chloride  and  hydrochlorate  of  iodaniline.  The  cJdonfpUUinaie,  2CfH«IN^C!l*. 
Ptf'Cl*  is  an  orange-coloured  cryatalline  precipitate. 

HydriodaU  of  Iodaniline  fornu  a  radiate  mass  much  more  soluble  than  the  hydio- 
bronate  and  hydrochlorate,  and  easily  decomposible. 

The  nitrate  crystalUses  ftom  water  in  beautiful  eapillair  needles  of  great  length.  It 
is  more  soluble  than  the  preceding  salts,  especially  in  boiling  water  :  Tery  solnble  also 
in  alcohol  and  ether.     Its  solution  is  not  precipit«tcd  by  nitrate  of  silver. 

The  otaUU,  2C*H1N.C?HK)*  wm  (C*0»)"^C"H*IN)«0»,  crystallises  in  long  flattensd 
needles,  sparingly  soluble  in  water  and  in  aJcohol,  insoluble  in  ether. 

The  aulpJkate,  2C"H«IN.SH«0<  -  (C^'IN)«SOV  cTystallises  in  shining  scales.  Tha 
aqueoos  eolation  appears  to  be  decomposed  by  boiling;  bt  all  erents,  on  attempting  to 
ssaystaUisa  it  alter  boiling,  a  portion  of  the  salt  always  remains  insoluble. 

AM-todophaarlamlae.  CH'IN*  -  (C^^^**)  |  x,  Diaso-iodobengau,  (Griess, 

Phil.  Trans.  1864  [3]  706.) — This  base  and  its  salts  are  obtained  by  processes  exactly 
similar  to  those  employed  for  the  preparation  of  the  corresponding  bromiDe-«>m- 
ponnds  (p.  436).  Azoiodophenylamine  in  the  free  state  is  a  yellow  explodive  pre- 
etnitate.  The  nitrate,  C*H*IN*  NHO*,  ctystallises  in  white  prisms  or  needle^  very 
■duble  in  water.— The  suiphate,  C^*IN'.SH*0^,  id  small  plates  easily  solnble  in 
water,  sparingly  solnble  in  alcohol— The  ehioroplatinate,  (C*H*IN'.HCl).Pt**Cl*,  in 
bright  yellow  clusters  of  needles. — The  perbromide  of  ago-iodopAenylammonium, 
CH'IN'.Br*,  forms  small  vellow  plates.  With  boiling  aloohol  it  yields  bromo-iodo- 
beniene,  G^*BrI;   and  with  aqueous  ammonia  it  forms  aso-iodophenylene- 

diamine,  ^^P'|N«,or  diaso-iodobeniolimide,  (^^'^^^In. 

6.  Nitropken$flamine$, 

Moaoaitroplieiiyteiiilae  ormtraalllae.    C*H^KO*)K  -  ^^^'^^|k.— 

(Hofmannand  Hnspratt,  Ann.  Ch.  Fhann.  IviL  204.~E.  Arppe,  ibid.  xe.  147; 
zeiiL  157).— Of  tiiis  base  there  are  two  isomeric  modifications,  the  one  called  alpha- 
ttitraniline  (or  by  Arppe,  paranitraniline),  obtained  by  reducing  dinitrobensene  with 
Milphydric  acid  (Hofmannand  Uuspratt);  the  other  called  beta-nitraniline* 
(nitraniiine  ci  Arppe),  produced  by  the  decomposition  of  nitro-phenyl-paratartrimide 
(Arppe^  or  c^  nitrophenyl-acetamide  or  nitrophenyl-snccinamide  under  the  inflnencs 
4if  a&alis  (Hofmann,  Froc.  Roy.  Soc  x.  689;  xu.  639): 

<>H*(NO«)»  +  3H«S    «     C^«(NO«)N  +   2HK)  +  ff. 
DinltrobvDwm.  Vltmnllln*. 


O^VNO«)(^ 


+  H^ 


Httropbtnyl-pyro- 
unrtnliU. 


H.C^*(N(W)t(, 
(OH-O*)-    Jg. 

NltropbanjLprro- 
Urtmnle  acid. 


Ig    +  HK)    -    <^^0')|n  +    (C'^'JO- 


Mltropheni'1-pTro- 
taitrunlcaM. 

CW(NO«) 


mtnmUliM. 


FjnUMXtMiis 


Kltnplwnjl'eoeUmlds.  MUranllhit.  AcMlc  add. 

a-sstzaniline  was  the  first  instanee  disoorered  of  a  basic  substance  eontaimng  the 
damants  of  nitric  peroxide. 

preparation. — 1.  Of  m-^utraniline. — ^The  aqueous  solution  of  dinitrobensene  is 
HttuBled  with  ammoiuaeal  gas ;  sulphuretted  hydrogRU  is  passed  through  the  blood-red 
•olntioiC  till  the  lianid  is  saturated  with  it  and  only  a  sliffht  deposition  (Xf  sulphur 
fakea  place ;  and  tne  solution  is  then  mixed  with  hydroehlorie  add  and  en^Kirated, 
vhem^xm  an  additional  quantity  of  sulphur  separates,  together  with  nndecompoaed 

•  The  BMKDlag  her«  uttinad  to  the  teimt  •-  and  ^nltranlHiiP  li  the  nun*  u  thai  orlRtDallr  ftren  t^ 
Botaun,  SDd  ■dnpCKl  In  inois  work*  on  Chratstrr  (Oowlte'c  MvMttoat.  Oorhvdt's  Traat  4e  CUmiit 
ummdMf  tbo  HimhfSrUrbmck  rfnr  Ckewi/e,  Ac.).  O rl  ••  •,  on  tb«  eontrarr,  tn  ■  rocont  mrmolr  (Phil. 
Tranf'iMU,  [si  70S)  dmAtcntuc*  tb<*  bum  obuhwd  from  the  nhratad  phwjUmMM  ■•  «,  sad  that  oStalnod 
tr  ffediaetkm  •TdtiiUrobauaanc  aa  ^itraDllinc. 
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dinitrobcnE^ne.  The  filtnit**  ii  then  mixed  vrith  pot«»h,  which  p»djiltai«i  •  \mfn 
adhftnre  remn  ;  fhifl  fviiin  w  frf^  fmm  pntmib  by  woAhtiig  with  cold  vmter»  tad  tkia 
diflsolvf'd  in  boilins  water;  the  orange-vellow  »olution  is  filtered  to  •epante  i  aiH 
qaantity  of  undissolrM  bmvn  roflin  ;  and  the  needles  of  s-DirrAniline  vhidi  npnii 
on  cooling,  nrp  purifind  hy  r^pry^tsU'wi^ifn  tmrn  hot  wiitrr  (HofmwDn  tad  Jla»> 
pmtt),     Arppe  further  poriflw  ihe  crrstab  with  aniujil  ch»rco*J. 

2.  Of  P-nitrani/inF. — Nitro-phenyl-pyrotartriroide  is  dissolved  in  a  boQtn^Qdi 
Bolution  of  dodic  carbonale  mixed  with  a  little  caustic  aoda,  whereby  it  is  oonmcaita 
taking  up  1  «t.  wHter,  into  nitrophfnyl-pyrotartmmic  acid^  and  the  aolation  is  laju 
till  it  no  longer  giTr*  m  precipitate  of  that  acid  on  addition  of  nitric  acid.  The  ttib»> 
pheDyl-pyrutartramie  acid  is  then  reoolred  into  jB-nitraniline  and  pyrotartahc  tad. 
The  yellow  solntion  yields  on  cooling  an  abundant  crop  of  yellow  rhombic  tahhs  iM 
miut  be  collected  on  a  filter,  wuhed  with  oold  water,  and  purified  by  recrystalliMiev, 
CArppe.) 

An  earner  mode  of  prepamtion  \b  to  diwolve  phenylacpramide  or  pbenylmeeiiaBidi 
in  cold  fuming  nitric  acid,  dilute  the  nolation  with  water,  whirh  throws  down  QitTD- 
pl)enyl-&o*tnmide  or  Qitrophenyl-racctnamide,  and  diatil  thia  precipitate  with  cuibc 
potftah.     (Uofmann.) 

/Vo;M-r/r>«.--Alpha-nitraniIine  forms  needles  of  a  flneycllow  colour  and  an  iadt  letf; 
heaTi«*r  than  water.  They  m«lt  at  nhuut  110*  (at  108°,  aCGording  to  Arppe),  ft 
an  oil  of  a  det'p  yellow  colour,  which  boiU  at  286",  pasaes  oter  in  yellow  rapoun, 
Holidiflea  in  th«  roc^irrr,  forming  a  himinated  roa«a;  at  lf>0°  the  crystals  aabliani  is 
b*>n\itiful  laminfe,  without  prcrioun  fusion  (Hofmano  and  Musprat  t).  The subliard 
cr}*NtalB  are  rhombic  tablos  of  dl'^  and  129^  baring  one  of  the  aci]t«  angles  chlMr 
perpendicularly  tmnrated,  or  bevelled  with  two  faces,  while  the  two  obttiae  angles  tn 
nometimes  obliquely  truncated,  somctimea  unaltered;  mitcles  ar«>  often  formed  wid 
deep  re*eDtenDg  anf^les.  Similar  modifications  are  exhibited  by  the  crystals  obuinr^ 
frem  solution  in  wnter  or  alcohol  (Arppe).  The  cryj^a  are  inodorotu  al  ordianj 
tomperaturC's,  but  when  slightly  warmed,  thsy  emit  an  aromatic  odour  harinfadiMBC 
reBcmblauce  to  that  uf  auiiin**;  thny  have  a  burning  swt-et  tastf*,  are  perfectly  Bsatn^ 
and  colour  firwood  (as  well  as  thecotide)  deep  yellow,  like  aniline,  but  do  not  pndiet 
any  bluo  colour  with  chloride  of  lime.     (Hofmann  tnd  Mnspratt.) 

jB-nitranilinc  crystallieefi  from  the  aqueotu  solution  by  alow  cooling  in  ^ong;  nenlha; 
but  by  more  rapid  cooling,  in  sTnall  tabular  or  needlc-Ahaped  crystals  with  aaslnflf 
69°  and  111'',  having  the  smnllir  angle  truncated  in  sach  a  manner  as  to  proaaes  a 
six-aided  table  with  anglw)  nf  !  1 1°  and  1 38*^.  From  an  alcoholic  folution,  the  rhombic 
tsbles  sepamte  uniiltcriMl  logt^ther  with  the  nix-sided  tablra  ;  an  Pthereal  solution  yieUl 
fiomptimea  tables,  sometiraeA  capillary  needles;  from  an  aque^iaa  solution  contxiniBf 
carbonate  of  sodinm,  rhombic  fAblps  nf  hSP  and  \75P  ar**  obtained  ;  by  mblimAtMs, 
sometimes  needles,  sometimes  irregular  laminnc.  The  crystals  melt  at  141°,  TuUtiliH 
at  about  the  same  tempemturp,  ann  nublimp  very  beautifully  when  heated  betwrcn  in 
watch-glasses.  At  100°,  the  snblimation  is  scarcely  pcrcop tibia.  The  czystals  haw 
also  scarcely  any  tjtste.     (Arp  p") 

Alpha-nitmuiline  dissolves  in  600  pte.  of  imi^cr  at  18'5^,  and  much  more  rSMiity  b 
boiling  watpr  (Arppe).  i9-nitraniline  dissolves  in  1250  pts.  of  waUr  at  13*5^,  and  la 
4A  pts.  of  boiling  wati'r.     Both  modifications  dissolve  easily  in  aierihof  and  in  tfiliP. 

Dfcompotidons — I.  The  vapour  of  nitraniline  bums  with  a  bright  sooty  flaae.— 
2.  Alpha-nitraniline  distils  almost  without  residue ,  but  jS-nitraniline  leATss  a  eoa- 
siderable  quantity  of  earbonace^ns  matter,  when  distillcd.^S.  Bromhu  umrali 
nitraniline,  with  great  riue  of  temperature  and  evolution  of  hydrobromic  arid,  itHo 
u  brown  resin  whose  solution  in  hot  alcohol  deposits  vellow  crystals,  insoluble  m  witir. 
acids,  and  alkiillH,  and  probably  consisting  of  dibromonitraniline,  OH*Br\N0*^*5 
(Hofmann  and  Muspralt).— 4.  AV/ric  arirf,  even  when  highly  conoentntcd, 
dissolves  3-nifraniline  without  visible  decomposition  (Arppe^ ;  but  a- nitraniline  it 
Tiftlently  ftcted  upon  by  nitric  acid,  and  converted,  aflcr  a  while,  into  an  acid  wfaidi 

appears  to  be  ptcrio  acid  (Hofmann  and  «  — 1.-..*»^      n "-fifr  r/  rysnf 

j7rn  pasftod  through  melted  nitraniline  (o),  converts  part  of  it  into  dintt^omelaailis^ 
while  the  greater  portion  is  transformed  into  a  resinous  substance.  Alcoholic  nitimiu- 
line  is  deeomposed  very  slowly  by  chloride  of  cyanogen  and  aqueous  •wif»iw  in  a 
pefuliar  manner;  but  nitraniline  disHolrt-d  in  ether  forms  with  chloride  of  cyacKigKk 
nothing  but  hydrochlorate  of  aniline  and  yellowish  needles  of  nitropheuyl-carbamide: 

(oor  ) 

2C^*(N0»)N   +   CNCl  +   H>0     -     C«H*(N0')N.HC1   +  eH*(NO»)W. 

H»       ) 
6.  Neither  a-  nor  /3-nitraniliDe  is  acted  upon  by  the  iodides  or  bromide*  of  cthjl  and 
methyl.     (Hofmann.  Proc.  Soy.  Soc.  zit  ft39.) 
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Saiti  aw  NTTRAxtLunL— Nitnuiiline  in  either  modificatioa  is  t  Tfiy  w^ak  baie. 
Dot  prpcipitatio^  tuy  metallic  salt  From  liip  solvtioiu  of  its  bbUs,  Mme  of  which  are 
cryBtMlIJMble ;  it  15  precipitatrd  in  the  cr}-art«Ilinn  form  by  aniline,  as  toII  as  bj  tho 
caustic  alkalia  and  alkaline  rArlx)natefl. 

HydrockloraUs.  C*H*N*0*  HlU. — Th*  PoloarlnM  Aolntion  of  a-nitraniline  in  hydro- 
chloric aoid,  y\AAR  by  eruporation,  nncreMUs  crystals,  extremely  Aolable  in  wat«r  and 
alcohol  (Hofmann  andHiuapratt).  IClungated  rhombic  tables  with  anglos  of  120^ 
and  60'^.  which  are  permanpnt  in  the  air  and  dissolrp  readily  in  hjdrochlohc  acid: 
they  are  deeomposwl  by  water,  which  sepamtes  the  great«r  part  of  the  boae. 
(Arppe.) 

3-nitraniline  forms  with  hydrochloric  acid,  a  yellow  Bolntion,  or  if  the  acid  is  in 
great  exc?s«,  a  cnloiirl^Mi  solution,  whicli.  on  cooling,  deponitj*  rather  Lirge,  colourlr«s. 
tabal&r  crystals,  which  in  their  Biroplr-et  form,  are  four-sided  Inbl's,  with  Hoglfs  either 
(a)  of  95**  ami  ft 5°,  or  (A)  of  6j°an(l  11/)'=*;  byth**  combination  of  thrsi*  two  form",  tho 
acute  angles  of  a  b*ing  trunontwl  by  h.  pix-si(ied  tabloa  are  fanned ;  and  by  the  trunca- 
tion of  all  the  angles  of  a^  eight-sided  tablps.  The  salt  is  easily  decomposed,  both  by 
hent,  which  caunett  it  to  turn  yellow  and  gire  off  acid,  and  by  water,  which  separates, 
the  base  iilmoRt  completely  ;  alkalis  predpitatf  the  nitraniline  in  the  crystalline  form 
but  the  precipifate  rodi«RoIres  in  exreiw  of  tiie  alkali.     (Arppe.) 

Chloroplatmat'8,  2[C*H'(N0»)N.IlCI].Pt<'Cl*.  -The  a-salt  is  precipitated  by  pUtinic 
chloride  from  the  alcoholic,  but  not  from  Uie  aqueous  solution  of  a-nitmline,  ana 
yellow  crystalline  powder,  which  is  extremely  soluble  in  water  iind  in  alcohol,  and  must 
therefore  be  washed  with  ether.  The  3-0alt  is  precipitated  from  the  concentrated  so- 
lution of  the  hydrochlorate  either  in  water  or  in  alcohol ;  it  is.  however,  much  more 
solnhle  in  alcohol  than  in  water.  It  crystallisea  in  stellate  gnjnps  of  yf^ry  slender 
needles.  When  washed  with  a  mixture  of  alcohol  and  ether,  it  ta  converted  into  a 
yellow  salt,  apparently  consisting  of  C•H^NO*)^^HCl.Pl'•Cl•.     (Arppe.) 

liitratf.  of  a-nitraniline  is  crystalline,  easily  soluble  in  water,  very  •sparingly  soluble 
in  strong  nitric  acid.  The  ^^nUraU  ciystallisea  in  shining,  long,  right-angled  truncated 
pri^ms,  and  ie  decomposed  by  water. 

Ctca/a^'-s.— Alpha-nitmniline  forms  an  acid  oxijute,  C^*(NO')N.CH"0*,  which  is 
deposited  in  yeUow  crystals  on  mixing  the  alcoholic  solutions  of  the  base  and  acid. 
Oxalate  of  ^nitraniline  crystallises  in  slender  needles  and  plates  sparingly  soluble  in 
water. 

Suiphatra. — The  o-aalt  crystallises  in  shining  rhombic  prisms,  which  dissolve  in 
water,  forming  a  clear  solution.  The  i3-salt  crystallises  from  a  solution  of  j9-nitraniline 
in  dilute  sulphuric  acid,  in  Urge  shining  plates  which  have  an  acid  taate^  and  are 
decomposed  by  wiit«r. 

Titrtrate  of  a-nUranHine  forma  a  yellow  solution  from  which  the  salt  crystallises  in 
yellow  rectangular  tables.  Putjtsh  decomposes  the  sohitioD,  separating  the  base  in  tba 
form  of  a  yellow  crvstttiline  precipitate  soluble  in  excess  of  the  alkali.  Tartrate  of 
3-nt/rafif7inr  cryAlaltiiies  in  yellow  needles;  potash  does  not  predpitute, but  dissolvea 
it,  forming  a  red  .solution.     (Arppe.) 

A  solution  of  either  modifieation  of  nitraniline,  mixed  with  a  recently  prepared  so- 
lution of  gaU-ntiU,  and  aAerwards  with  a  small  quuntity  of  potash,  yields  a  copiooa 
Qocculent  or  almost  gummy  precipitate,  which  is  decomposed  by  excess  of  potaiih,  a 
portion  of  tbe  base  being  precipitated  in  the  crystalline  furm.     (Arppe.) 

DlnltrsmlUne.     C«H»N"0'     =-      ^^^j^*^"^'|n.     (Gottlieb,  Ann,  Ch.  Pharm. 

liixT.  17.) — Produced  by  the  action  of  albdis  on  dinitrophenyl'citraconjmide.  When 
this  compound  if>  treated  with  a  1»iling  dilute  Bolution  of  carbonate  of  sodium,  carbonic 
anhydride  is  evolved,  and  the  light  flucouli-nt  crystula  of  the  amide  are  partly  disaolred,  ' 
and  partly  converted  into  a  heavy  yellow,  cryitnllioe  powder,  consisting  of  dinitiani- 
lioe;  when  the  action  is  complete,  this  Rubsrance  separates  out  in  more  definite  crystals. 
If  the  boiling  bs  not  conliuued  long  enough  to  eueure  the  complete  decomposition  of 
the  iniide  in  the  manner  above-mentioned,  the  mother-liquor  is  fomid  to  contain  dini- 
trophenylcil'racon&mate  of  sodium  as  well  as  citraconate;.  The  dinitraniline  ifl 
purified  by  cryotiailisiag  it  several  times  from  boiling  water: 

H.CmNO')' 


CH'(NO«)'i   ^ 

DinitrophenTl- 
cltnumilTnlae. 

H.C«H«CNO«)h„ 
(C*H«0»)-     ig 

DtDltrophenyl-titra- 
coaamlc  sckl. 


H'O       « 


H*t) 


(C*H*0')' 
H 


']s 


Dlnltro)ihenyl-€ltra- 
conmmic  arid. 

DtoltrsDlllM. 


(CH^Tjo. 


Ciaaonnic  seld. 
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Dinitnofltne  cryst&UUes  by  spontaneoiu  ernpunition  of  its  •oIdUob  in  &  mixtsr* 
of  ulcohol  and  ether,  in  ffreenisb -yellow,  ntlier  bnlli&nt  t*bl^fl,  exhibiting  %  blia4 
tint  by  rP0ccted  light  on  Ibe  Uteral  fact».  It  is  inodortiun  ;  boiU  at  1&6**.  pTin|rf 
yellow  vapours,  which  coodenu  in  the  form  of  a  jellow  Bubliraate  ;  ih*  melted  {nrmi 
solidiflMi  on  cooling  into  n  deep  yellow  cryAtHlliDf  mAns.  It  dittsolTefl  flpftrinp^  ttcaU 
water,  easily  in  boiling  water  and  in  alcohol.  Who  n  beAt«d  sudden  ly  in  a  tnbc^  » tJaekai 
and  e:^lodefl.    Sulphide  of  amaionium  cunrertA  it  into  nitropbenylene-di«BUr. 

Dinitranlllne.  Nitrophenyleua- 

dUnlne. 
DiaitnniUDe  doea  not  oornbine  with  acida. 


{n*  +    JHK)    ■♦-  9. 


TrlnltraniUne.     Trinitrophffxylamide^  Picramide,  C?H*N*0*  - 


cmxNo^i 


Xf 


(Piaani,  Ann.  Ch.  Fhann.  xciL  326.) — Obtained  bj  the  action  of  ammoou  « 
chloride  of  trinitrophenyl  or  chloropicryl  (p.  416).  When  crnde  cbloropicryl  ii  Chii* 
rated  with  excess  of  cold  Bqoeous  carbonate  of  ammonium,  and  the  revolting  BaMii 
treated  with  boiling  wat^r,  a  midue  is  obtained,  ounsisting  of  trinitrauilme,  wludi 
diaaolrea  in  boiling  alcohol,  and  separates  in  crystalline  platetk  dark  yellow  bj  tna»> 
mitted,  riclot  hy  reflw^ted  light,  Hnd  yielding  a  light  ypHow  powdw.  It  diaaohi* 
Bparingly  in  cttier.  When  brnted  it  decompusea  with  detonation,  ^ Ting  off  oitiVM 
fun]€iB  and  Icnrinc  a  carbunactv)iu  reaidae.  Heated  with  aqueona  potaah,  it  giTSiflff 
ammonia  and  Iraves  picratc  of  [wtassium. 

Axonltroptaenylaiulae,    CH'N^O*    «    C*H>(KO*)N«   -  H^    (^ 

J>iaM(mitrobf7ixm^  (Grieas,  Phil.  Trans.  1864.  [3],  708.)— By  treating  thenitratiiof 
a-  and  J3-nitraniline*  with  nitrous  acid,  nitmtea  of  axonitropheDylamiue  are  obtaiaed. 
hftring  the  wmc  comno<'ition  but  difffringfnjm  one  anoLb>^r  in  pbyaical  propetUai^  tad 
yielding,  when  heatea  with  bromine,  plutimc  chloride,  and  other  rettgent^  iaonarie 
oiiltR  exhibiting  corr«apondirig  diffprenw»B  of  phyHical  chnraetcr. 

Nitrate  of  •■axonilrojthmyiamine^  OB'N'U'.NHO*,  is  precipitated  by  ether  froaita 
alcoholic  solution  in  priama  Arquontly  approaching  to  irabea,  veiy  aolable  in  ii0txt, 
■pariogly  soluble  in  alcohol,  inwluble  in  ether,  and  explodin|^  with  great  violesoe  vfaa 
bettted.  The  iS-salt  has  about  the  same  decree  of  solubility,  but  cx^staUiaea  ia  flat 
long  needles. 

Both  modificationa  of  the  nitrate  when  boiled  with  water,  are  decomposed,  nittrtam 
time,  with  erolution  of  nitrogen -gaa,  yielding  a  brownish,  easily  fusible,  slightlr  %ai 
substance,  which,  judging  from  the  monopr  in  which  ihc  nitrntea  of  axophftnrwiBaa 
•zobromo-broroophcDTlRniine,  &:c.  are  decomposed  (pp,  432,  437J,  ahould  hars  us 
position  of  nitrophf^nic  acid,  according  to  the  equation 

C^"(>*0»)N»     +     HH)      -:      C<TI»(NO«)0     +         W; 

Atooitrophenfl-  Nltro|>hentc 

amine.  acid. 

but  it  cannot  be  madf^  to  crystallise,  and  appears  to  difffr  altogether  in  ita  rmT»Tt^ 
both  from  nitrophenic  and  from  iftonitropbcnicacid  (p.  394). 

Th»  ehloroplatintUfs,  2iC''H»N'0«  HCl)Pt"Cl«,  of  both  modificatioaa,  OTstaUisfS  is 
I<mg  yellow  needles  or  prisms. 

Perbromidt  of  a'asonitrophmplammomum,  C*H*(NO*)N'Br',  ia  precipitated  ly 
brpraine-wuter  from  the  aqueous  solution  of  the  o-nitrate.  usuftUy  aa  an  oil  which  soos 
poliditiea.  It  forms  amiiU  omng^-rolonred  plHte«  or  prisms,  which,  unlike  ihe  ^-eoo> 
pound,  cannot  b**  rpcrj'stuHis^-d  from  worm  alcohol.  It  in  likewise  obtained,  Tceetbrr 
with  tribrnmouitranilino,  by  the  action  of  bromine  oa  azodinilnxliph^'nyldiainiae,  Mm 
Utter  bcicig  suspended  in  water,  and  bromine  addr-d  till  the  whole  u  coriTnted  into  a 
heavy  brownish-red  oil : 

Br» 


AxDdloiiro-dlpbenyU 
dUroliHu 


OH'(N0*)N«Br» 

pBrbrocnldc. 


Tribro«onkr4aaiiM, 


2H&; 


feSDM  oppottta  to  that  utlfoed   to 


I 


On  decanting  the  Bupmatant  aqueous  mother-liqnor,  and  allowing  the  aEeMs  of 
bromine  to  evapomte.  the  oil  »olidi6fw  to  a  Myatdllino  mosa.  Before  however  cob- 
pl^te  Bolidiflcation  occurs,  thick  yellowish-red  crystflla  frequently  shoot  out,  eonaistiv 
of  the  nearly  pure  perbromide,  which  may  be  freed  from  adhering  tribromamUne  by 
pnlTerisation  and  waahinp:  with  ether.  If  no  distinct  crystals  form  aft«r  the  bromior 
has  evaporated,  the  cpyeUllinf>  mass,  consirting  of  theperbromideandtaribroxBooitzanitiD^, 
must  be  preaaed   between  filtai^psper  and   washed   with  ether,  to  diasolvs  out  ths 

*  Tb*  prefixM  ■  md  (i  nre  herv  uud  Id  the 
l^per  (He  rooC-note,  p.  Hb). 


ALLYLOPHENYLAMINE. 


449 


tribromonitrAnirmc.  Thin  howevfr  is  attrnded  with  loM,  sinco  the  perbromide  ui 
partly  convtrted  hy  the  ('lh»'r  into  uitrobromobenzene. 

The  ^pcrbrooiiJc  is  preoipitut«d  by  brominn- water  from  the  aqueoiu  ^-nitrate,  in 
alcndiT  orange  prisms  almost  insoluMn  iu  viitcr  and  in  other,  but  cusily  aoluble 
in  warm  alcohol,  whence  the  oompoand  is  deposited  on  cooling  in  well-defined 
crystiils. 

On  beating  the  alcoholic  solntiona  of  the  a-  and  ^-pnrbromide,  a-  and  iB-nitrobromo- 
bonecne.  OH'(N0')Br  (p.  416).  are  obUined. 

Tho   a-porbroDiide    tn^ated   with    squeoiu    ammonia    is  converted    into  a-aso* 

nitrophenylene-dianine,    '-    ^        '^^^  |K*.    of    diaEonitrobenzolimide, 

t^        ^*  „,     ''J  vK,  which  crystalltscfi  in  onmge-colonred  needtea,  mdting  at  53°. 

The  3-p<*rbroraide  yielda  in  liko  manner  a  compound  having  the  a&me  compoaitioDv 
but  crystallising  in  vpry  bnlliant  yeUow  rouDdpd  platfw  whlcli  melt  at  71". 

TrtbromonltroptaeiiylamlBa,  nr  Trl1>roinonltranllln«v  C*H'Br'(NO*)K.— 
FnHluced  as  ahoxts  by  the  iiorton  of  bromine  on  iizodinitpodiphenyldiamin*-.  To  obtain 
it  ptire,  the  etlicrral  solution  is  evaporat«i  to  drynpsa ;  the  rfsidup  in  dissolTed  in 
irarm  alcohol;  th(?  solution  is  mixed  with  water  ttl]  it  becomea  milky  and  depoaita 
crystals,  and  the  cryntals  are  thrown  on  a  filter,  preHsed  bt<tween  sheKs  uf  filter-paper 
to  remove  any  adhering  nitrubromobeuMne,  and  further  purified  by  crrstallisacion 
from  weak  ali-ohoL  It  crystallines  in  small  idightly  yellowish  plates  which  cannot  be 
sublimed  without  decom|io«ition.     (Oriess.) 

n.  Deeivatitm  of  Amiunb  formed  bt  BKPlJlCnraJfT  OF  HypRftOKf  KOT 

BBLUMOINQ    TO   TUK   PRKXTL-OADICUL 


The  extra-radical  or  typic  hydrogen  nf  aniline  may  be  replaced  wholly  or  par+ially, 
both  by  acid  and  by  alrofifjl-mdicles.  In  the  foRner  cuse,  neutral  or  ucid  amidr-s  are 
produceii,  such  as  phenyl-acetAmide,*  (C*H*)(C''H'0)HN,  plirnyl-dilonKoylamide, 
(C*H*X^'Hi'0)*N,  &C.  Thene  ocnnpouDds  are  described  with  the  stTeral  aoiJs,  or  in 
separate  artjctf»4.  Jn  the  latter  case,  baaie  amines  arc  fonited,  such  as  roothybajuline, 
{C«H»XCE»)HN,  raethyl-nmyUniline,  C*H'XCH'XC*H")N,  Sec,:  th«c  will  be  di- 
•cribod  in  the  following  pu^ea.  They  are  produced  by  the  action  of  the  bromides  and 
iodides  of  the  alcfi  hoi -radicles  on  anlUne :  those  in  which  the  whole  of  the  hydrogen  ia 
replaced  by  alcohul-nidiclea  arc  capable  of  uniting  with  the  alcoholic  iodides,  formiug 
compoonda  belonging  to  tho  ammoniiua-typ«  (ste  FucMTLAMXOHitMa). 

AllTlanUlne,  or  Allj-Joplienj^lamlBe,  CH^'N  »  CB'VK.     (H.  Schiff,  Ann 

H  J 

Ch.  Pharm.  Suppl.  lii.  3fi4,)— -A  mixture  of  aniline  and  iodide  nf  allyl  b#vomes  heated 
to  100°  in  a  few  minut**ft,  and  formf^  a  very  soluble  fiyntjilline  maas  of  Iiydrindat*  of 
allylaniline.  The  free  tiaae  Hepiirated  from  tliin  eiall  bjr  polaNh  is  a  yelluw  liquid  uf 
specific  gravity  0  !>a'2  at'id'^;  having  au  odour  of  aniline  and  of  geniuiums.  and  a 
burning  tasfe  ;  slightly  »K>lubk*  in  water.  Jta  suXXm  Hre  crj'Mallint',  mtsily  >^!uMe,  and 
are  coloured  violet  by  hy].«ftchlorite  of  calcium.  The  conccntrattd  aolutioii  of  tho 
bydrochlorate  gives  with  phtinic  cMoridr  a  dsrk  yellow  precipitate,  which  osiially 
Repumles  am  a  reHiu  bceoniing  crystalline  aAcr  a  while.  It  is  slighlly  soluble  in  wat«r 
and  in  alLX>hol.  and  cc»ntains  2(C'H"N.HCl)Pl*'Cl*  (p.  469). 

The  free  baae  treat ikI  with  onuiN/Ao/ yields  heptylidene-diallyl-dipheDyl- 
diamine,  (C»H'<)"(C"HV(C'H»)«N'. 


Amrluailne,   C"H"N   - 


C»H*) 
H  > 


(Hofmann,  Chem.  Soc.  Qu.  J.  iii.  297; 


Ann.  C^.  Pharm.  Ixxir.  153.') — Toolttaia  thin  baiv*,  a  mixture  of  aniline  and  bromide  of 
arnyl  is  set  aside  at  the  ordinary  temperature  for  w^rerjl  dap  ;  the  mothor-liqior,  con- 

*  VoU  to  PkmglattUtmide  (jt.  411).  Tlili  rnmpnund  U  9Hti\j  prnriiicMl  br  nrolonpHl  hoiling  (roho- 
baioniof  anllinf  witti  roiimitratwj  .-iTPtic  «»(i  H^H'N.C-IMO*- ll-O  =  l'"ll»NO).  On  •(lUMurai 
rfUillUtlati.  th4>  amide  r«i*M  over  and  tollifiAfft  in  »  white  pnr^OinMLe  man.  It  di*iin1vM  eadiv  in 
water,  alcohol,  ethrr,  benEenr,  and  V'>l4tlk  oili  ;  cry»lalll*ea  on  coolllug  rroni  a  hot  aqiif^iia  lolutioo 
tn  amall  coloiirMt  ne<-dl^i> ;  from  «il  nr  Irmnm,  fn  large  oeedlei.  It  melti  at  101",  aiid  h<»iU  at 'A.'>° 
(liar.  Ht  7&A  CDm-).  Sp't  iQc  KrAviijr  =  l-0<gi  ai  10  5°.  Vapour-dfDilty.ob*.  c  4  S07 — t  *%'  \  eale.  e- 
4-671.  It  tt  decontpotM  by  Kndiuni,  jrlcldbng  afliltneaiid  a  iipall  ^luantliy  «r  another  twtlc  uiKUr  avtllo 
W  illliQii,  Ch^ni.  Sue.  J.  xtti.  106.) 
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rieting  of  AmylnniliDr  aotl  bromide  of  smyl«  is  decanted  from  tlie  re«altiag  a^lUbfl 
hjrdrobromaU-  of  aniline  ;  and  tin*  bromidL*  of  aniyl  u  difttilletl  off: 

2CH^     +     C»H»'Bif      -      C-H'N.HBr     +      C'»H»'X. 

Or  a  mixtnro  containinf^  a  lM|jor  qoantifj  of  bromide  of  amyl  i»  heated  in  ibr  «ik» 
bath;  thL-  oxctva  tif  bromide  of  atnyl  removed  hy  di»tiU&rioD;  and  the  regttiniij 
hvdrobromato  of  aroylaiulint*  decomposod  by  potaah,  wherebj  the  ;&mjlanilice  ia>fpuif4 
in  the  form  of  an  oil,  which  may  be  parifled  bj  aolation  in  ether,  agitatjoa  vhhnia; 
ajud  PTaponitioD  of  the  cthor.  1 

Amylaniline  is  u  colourloM  oil.  which  boils  BteadOy  at  258^.  b&s  an  agrecAhlc  odml 
like  that  of  rosc«  at  ordinary  temperatures,  bat  an  offendre  odour  of  fiuel-a]  vba  I 
heated.  Hoatod  with  bromide  of  ethyl  to  100°,  it  is  oonrertod  into  b jdivfaroautt  <^  " 
ethylamylaniline,  and  with  bromide  of  amrl  into  diumyluniline. 

Its  comnounda  with  hydrohromic,  hjdiochloric  and  oxabc  acids,   form  LeMtiM 
Gryatala,  which  hare  a  futty  la<il7(\  dissolTe  aparinffly  in  water,  and  wh«&  bfatod  with 
water,  rise  to  the  anrface  in  the  form  of  an  oil  whiui  aolidxfics  on  cooling. — Th«  eUat»     . 
platinate  ia  precipitated  in  the  form  of  an  anctnoas  moas,  which  crystalliaea  only  ifta  ^ 
A  considerable  lime,  and  when  a  portion  of  it  has  sofTered  decompositjuD.  H 

DuMYiAyiLiKi.  C'»H*T«  "/c*H'M*{^*  (^^fniann,  Ann.  Ch.  Pharro.lxxiT.l«.)  " 
Amylaniline  heated  for  two  daj's  in  the  water-bath  with  excess  of  bromide  of  &D7I, 
jielda  crystals  of  hydrobromate  of  diamylaniline,  from  which  theba«e  may  be  sepanti^ 
as  abore.      It  is  an  oil  boiling  between  275^  and  280°,  and  having  the  odoor  <d  tmjU 
aniline. 

Its  salts  are  nearly  insokble  in  water,  so  that  when  the  base  ia  heated  with  dal^l 
hydrochloric  or  sulpharie  acid,  the  reeolttng  ealt  riaes  to  the  aurCace  in  the  form  fli  as  [ 
oil,  which  on  n>iliu{;r  solidifies  in  a  crystalline  mass  having  a  fatty  lointre. — The  fUti'l 
nitm-salU  ■i{C'*n»N.nCl)Pi"Cl*,  is  precipitated,  on  mixini?  the  bydrocbloralr  wiftl 
tKnwhloride  of  pUtiuuro,  in  the  form  m  a  yellow  oil  which  qnickjy  solidiflsa  to  a  [ 
brick-red  crystalline  mofis  ;  ulcobolio  wlutions  immnliatcly  yield  CTyvtala. 


CetylanUlne,  C"H»N 


cm*) 

-  C"H">N.   (Fri 
H    3 


dan,  Ann.  Ch.  Fharm.  lyrrrii  2jl^  I 


Iodide  of  cetyl  heated  to  100°  with  exceas  of  aniline  yielda  crystalline  hydriodaleof  J 
BJiilind  and  &eo  cctylamine,  which  may  be  neparated  from  the  ciystals  by 
P  irater  and  ether,  and  purifieil  by  converting  it  into  a  hydrorhlorate,  deeomp 
ialt  hy  poCash,  and  recrystjdlising  the  free  baKc  thus  obtained  from  aJcohoL 

Cctyfaniline  crystallises  in  silvery  scales  which  melt  at  42°,  and  solidify  at  32°tDl 
yellowiah- white  miiw  of  crystalline  rosettes.  It  is  insolubb  in  waUr,  easily  aotaUtiB 
alcohol  and  rMrr,  docs  not  precipitate  metallic  ealti^  and  has  no  action  on  Tegetalhle 
eolonrs. 

The  hijdrochl<traU  crystallises  in  shining  plates. — The  chhrofJ^tinnte  {2C"H*K, 
TrCI).Pt"Cl*,  ia  precipitated  in  reddish-yellow  crynlalline  flnofca  on  adding  water  to  a 
mixtiire  of  hydroohlorute  of  cetylaniline  and  alcuholic  plntinic  chloride.  The  mfrsAr 
cryatiilliNeM  m  shining  lamins,  Uie  alcoholic  solution  of  which  is  partially  dncoispos(d 
by  evaporation.  The  oxalate  forms  colourless  eonfusodly  interlaced  needles.  IW 
»\OphaU  ia  the  most  soluble  of  the  salts  of  cetylaniline;  it  may  be  completely  j 
from  its  alcoholic  solntion  by  water. 


StUyUnUine.     C'R^'N 


CH») 
H  S 


(Hofmann.  Oiem.  Soe.  Qn. 


— Ann.  Ch.  Pharra.  Ixxir.  128.) — A  mixture  of  aniline  and  excess  of  bromide  of  ethjt 
gently  licateil  in  tin  upparatus  which  allows  the  condensed  rapoors  to  flow  bade  sguA, 
parses  into  apontani'oua  obuUition,  and  afterwards  on  cooling  yields  crystals  of  hydnv- 
bromateofethylanilino:  CTI'N  +  CII^Br  -  C'H"N.Hr»r.  The  aqueoossolalJoeof 
the  hydrobromate  of  fthylanilino  is  mixKl  with  concentrated  potash,  and  the  brown  oil 
which  ri-HPs  to  the  surface  is  removed  with  the  pipette,  dried  over  hydrate  of  potaaiias^ 
and  rectified. 

EthyUniline  is  a  transparent,  colourless,  strongly  refracting  oil  of  sp  gr.  0"964  if 
18^:  Doils  constantly  at  204^:  smelU  like  aniline:  does  not  prodnce  any  bine  Mioar 
with  chloride  of  lime ;  colnorH  firwood  and  nldor-pith  yellow,  bvt  much  lesa  wtta^tf 
than  aniline.     It  if  soluble  in  aleohoL 

Duompotitionf. — L  Ethykniline  qnirkly  turns  bmwn  when  exposed  to  the  air.  « 
even  under  the  mere  ififlii.-nt'*' uf  light. — 2,  With  hrfimine  it  forms  a  nentraJ  (tn!ii»- 
maailine?)  und  a  basic  compound. — 3.  It  takes  fire  in  contact  with  dry  cA/vm ftc  ocirf. — 
4.  With  phost^me  gas  it  acts  violently,  forming  a  hydrochlnrftte  and  an  indifTi:'if  nt  oiL— 
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ft.  With  gylphide  of  carbon^  it  slowly  givrw  off  iulphuretUfd  hydropcn.— 6.  O/atiogm 
gas  pHBsed  through  ftlcoholic  ethylaoilinp,  forma  snort  prisms  pn)bably  ronmating  of 
cyiinethylAniline,  C*H"N^.  Tbia  oompound  is  sepamtuu  in  the  pulvtTulont  form,  on 
nildiD^  umroouia  to  the  solution  of  the  crj'stuhi  ia  ailut«  sulphuric  ucid:  its  soluliou  in 
sulphunc  acid,  on  being  mixed  with  strong  hydrochloric  acid,  deposits  the  hydroohlo- 
rate  in  beautiful  crystuls ;  its  pUtiuum-uilt  is  very  solnblc. — 7.  EtbylsniJine  absurlts 
gaseous  ehioridt  of  cyanogtn  rapidly  and  with  rise  of  temperatare,  and  thon  solidi- 
fies on  cooling  in  the  form  of  a  rctinoos  mixture  containing  a  neutral  oil  and  the  hydro* 
chlorate  of  a  vulatile  oily  base. — 8.  Eihylnniline  hent^xl  for  two  days  in  the  water- 
bath  witij  iodide  nf  mttkyl  yields  crystals  of  hydnodatc  of  mothyt-t^thvl-Aniline 
(C«H')(CH^C'H»)N.HI,  In  like  mnnner  with  ffrtmtide  of  ethyl  and  brumUkvf  amyl, 
it  jields  the  nydrobromales  of  diethylaiiiliuo  (C"*1I*}(C*H*)*N,  and  ethyl-amyi-aniline 
(C-H»yC«H»){C*H")N. 

Commnations. — The  salts  of  ethylnnilioe  diasoWo  very  easily  in  water.  less  easily  in 
alcohol,  from  which  alfto  they  ciystaUlse  better.  The  sulphate  and  hydrochlorate  hare 
not  yet  be«n  obtained  in  the  solid  form.  The  kt/drobromate,  CH"N.HBr,  prepan^d 
as  above,  crjstalUses  from  the  alcoholic  solution  by  spontaneous  eraporation  in  lui^e 
tables.  At  a  gentle  heat  it  sublimes  in  needles  without  decorapositiun,  but  when 
quickly  heated,  it  is  resolved  into  aniline  and  bromide  of  ethyl  It  dissolves  Tery 
rnadily  in  water. 

Mtrouric  chloride  and  trichhrufe  of  gold  added  to  hydrochlorate  of  ethyhiniline 
throw  down  yellow  oils  which  quickly  decompose. 

ChioroplattnaU  of  Ethylamline,  2(C?H"N.HCl)JPt"CI*.— A  saturated  aqueous  sola- 
tion  of  hydrochlorate.*  of  etbylnnilinc.  added  to  a  coucentrutod  flolntionofplatinie  chloride, 
throws  down  an  oil  of  a  deop  orange-yellow  colour,  which,  after  a  few  hours,  solidifies 
in  the  crystsllino  form;  a  somewhat  more  dilute  niixtore  deposits  after  a  few  hours, 
splendid  nee^ltes  an  inch  long,  which  must  be  washed  with  a  mixture  of  ether  and  a 
little  alcohol.  The  cryatala  are  permanent  at  100°,  and  dissolve  very  readily  in 
water  und  alcohol. 

DiKTHTLAxaiwB.  C"H'*N  =  fC*H»»»l^'  (Hofmann,  Ann.  Ch,  Pharm.lxxiT, 
135.) — The  hydrohroiuate  of  this  base  separates  in  ciystAls  from  a  mixture  of  ethyl- 
aniline  with  a  rery  large  excess  of  bromide  of  ethyl,  and  when  ireed  from  adhering 
bpumide  of  ethyl,  und  treated  with  potaah,  as  in  the  preparation  of  ethylonilinc,  yields 
di  ethy  Ian  i  lino,  as  a  transpare^nt,  colourlesa  oil  of  sp.  gr.  0996  at  18°,  boiling  with  per- 
fect sleadiuessat  '213-5°,  and  exhibiting  with  firwood  and  chloride  of  lime,  the  s&ma  reac- 
tions as  ethyUniline.  It  remains  transparent  and  colonrless  when  expnsed  to  the  air. 
With  iodida  of  ethyl  it  yields  iodide  of  triethyl-phonylammonium.  (CH')^(?H*)NI. 

Hydrohramate  of  Dittkylanilint^  C'*H'*NIiBr,  prepared  as  above,  forms  large  four- 
sided  tables,  which  nt  a  gentle  heat  melt  and  sublime  in  needles  without  decomposition ; 
but  when  quickly  heated,  are  almost  wholly  resolved  into  an  oily  distillate  consisting  of 
ethvloniline  and  bromide  of  othvl, 

CMoroplatinaU  of  mfthylaniline,  2(C>"H'»N.HayPt*'G*,  is  precipiuted  from  some, 
what  concentrated  solutions  of  hydroi-hlorate  of  diethylaniline  and  tetnichluride  of 
platinum,  in  the  form  of  a  brownisb-yi^llow  oil  which  soon  BoliiliSi'a  in  a  hard  maas; 
but  from  more  dilute  solutions  it  is  gradually  deposited  in  yellow  prisms  which  may 
be  purififHl  by  crystallisation  from  alcohuL,  It  is  less  soluble  both  id  alcohol  and  in 
water  than  the  platinum-salt  of  cthylaniline.     (Hofmann.) 

C*H*Brj 

ExHTLBROMANttiNB.    C'H^JBrN  »     C^H*    >N.     Bromaniline  treAted  with  excess 

H     i 
of  bromide  of  ethyl  is  quickly  converted  into hydrobromate  of  cthylbromaniline(p.  278) 
which,  when  treated  with  pota.ib,  yields  ethylbpomriniline  exactly  rt'sembling  Kbyl- 
chloraiiilino.     Its  platinum-salt  is  a  viscid  oiL     (Hofmann,  Ann.  Ch.  Phaim.  Ixxiv. 
125.) 

E-THTXCirLOiuxiLiirB.     C*H"C1N  =     CH*  VN.— A  mixture  of  chloraniline  and 

H  J 
excess  of  bromide  of  ethvl,  kept  f<w  some  days  at  lOO*^,  and  then  freed  from  excess  of 
bromide  of  ethyl  by  distillation  with  water,  leaves  a  solution  of  hydrobromnte  of  elhyl- 
chlomriiline.  on  which  a  few  drops  of  the  ha«e  float.  Thii  ba«f»  is  completely  separated 
by  potash  in  the  form  of  mi  oil  of  hrgh  boiling  point,  remaining  liquid  below  0**,  and 
having  an  odour  like  that  of  Hiiir^e-oil. 

The  salts  of  this  base  .ire  much  more  snhihle  th.in  those  of  chlomniline. 

The  ^i/Zti^o/^  and  oxalaU  cr}-Rtttllise  ;  the  chtoropiattnate  does  not.  (Hofmann^ 
Ann.  Cb.  Pharm.  IxziT.  143.) 

o  o  2 
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DmnrTLcm^WLimiint    C"H"CIN  =  ^^^*J^Jn.— A  mixttire  of  I*»miw( 


cn«cn 

(C^HV 
and  ethylchloniuiJino  dried  in  n  hot  curronl  of  iiir  and  heHte«l  lo  10<>'^  fnf  t»« 
is  eoDVAited  into  hydrobromute  of  dicthylchJoruniline;  ami  from  this  th^  hmik 
■«|mrat«d  by  potash  sa  a  browniah  oil,  which  ia  porified  bj  eolation  in  tXhn,  fn4 
from  potash  by  washing  with  wbt«T,  and  from  ether  by  evapomtion. 

The  solntioo  of  the  base  in  hydn^chloric  acid  vield«  with  platintc  cMi*>r%Jt  an  cna^ 
yellow  crystallioe  procipiUte  of  the  chloruplatinate  2(C'*H'*CiN.]iCl).Pt**Cl*.  (Hbf- 
mann.  loc,  cit.) 

ETBTL-AiXTX-AiiiLiim.    C^iH^N    -    C^*>N.— Tbo    faydriodAte    is    obtebed  I; 

C-HM 

heating  allyUnilino  with  iodide  of  ethyl  for  two  or  three  dayni.  an  a  cryvralliiie  ram, 
Irrra  whieh  potjiith  aeparatnt  the  baae  as  a  thick  yoUow  oil  haring  no  ehaisiitwarit 
o<Ii>ur,  distiuing  between  220°  and  225°^  and  forming  solable  aalta.  An  amd  nw*^ 
C"H"N.C-n*0',  cryHtalliana  from  a  solution  of  the  base  in  excess  of  hot  aqseowoalie 
acid,  in  Hpheric&I  groups  of  smaU  needlea.    (SchifC  Ann.  Ch.  Pharm.  SuppL  tii.  S6L) 

ETMTL-iarn^AKn.nii.      C'"H"N    «    C»H*  >N.     (Hofmann,  Ann,  Ch.  Fham. 

Ixxir.  166). — A  mixtnre  of  amylaniline  and  excew  of  bromide  of  atfavl(wtf.SMpi\ar«r 
ethylaniline  and  excess  of  bromide  of  amjl  or  of  ir>dJde  of  amjU  which  BetoBOit 
quirkly,  '\»  heated  in  the  water-bath  for  two  daya,  and  the  base  is  aepftnted  fim  tb 
remlting  hydrobromate  of  ethyl  amy]  aniline  as  in  the  preceding  ease.  The  ptulu 
is  a  colourlesB  oil,  boiling  at  262'^,  ihfrefore  only  4*^  higher  than  amylaniline. 

When  heated  with  iodide  of  mrffn/i  it  rielda  the  iodide  of  metbjl-ethyl-aaiyl» 
phenyUmmoniam,  (CH«XC?fl»)(OH'»')(C*H*)NI. 

The  HydrobromaU  and  Htfdroc)Joratf  of  EtkylamfilaniUne  oprstallise.     The 
is  resolv^  by  distillation  into  ethylaniline  and  bromide  of  amyii 

C>'H"N.HBr     =     C»n'»N    +    C*H*»Br. 

The  chJoroplatiKiiU  is  precipitated  in  the  form  of  an  orange-bellow  visdd  Ijqodi 

which  solidifies  in  cryBrnla  fusible  i\\  100° 

C'HM 

MattajrlaalllAe.  C*H*N  ^  CH>>M.     (Hofmann,  Ann.  Ch.  Phann.  Isxiv.  IM.) 


I 


— This  base,  metameric  with  benzybiniinp  or  tolnidino,  (CH')H'N,  is  prodiiced  bytbt 
action  of  iodide  or  bromide  of  methyl  on  aniline.     The  mixture,  which  sboald  \k  ruU  i 
graduHlly,  to  nvuid  too  great  a  riw  of  temperatnre,  soon  K>lidi£e0  to  a  dTStallijif  aaa  J 
of  hydriodaie  or  hydntbromute  of  mcthyh-iniline,  from  the  aqaeous  solution  of  vhirb  ' 
the  oily  base  may  be  aeparated  by  potash. 

Methylaniline  is  a  tranaparent  oil,  which  boiln  at  192°,  has  a  peeoliar  odour,  ni 
colours  aqueoiift  chlonde  of  lime  violet,  but  not  so  strongly  as  aniliae.  Its  ealti  in 
sparinRly  soluble  in  water,  and  are  tteparated  from  their  oqtieoaa  aolutioD  ia  Ifci 
eryHtHlIint'  n\Ate  by  arids. 

The  chlnnrplattnaO,  2(C'H'N.HCI).PfCl',  is  precipitated  in  the  form  of  a  limpid  oil. 
quickly  changing  to  pale  yellow  crystsUino  scales  which  mast  tie  quicJclj  washed  vilh 
roM  water  and  dried.  They  soon  tnrn  black  from  deooro position,  and  when  »l««^^«ftK# 
solutions  are  u»(Mi,  a  black  mass  is  immMiat^Iy  prf>eipitiited. 

The  t*xalaie  cryistallises  resdily,  bat  quickly  decomposes,  reprodacing  anfline. 

CB*  ) 

MBTHTL-AMTL-axiLDnt,   C"H'*N   «   CH*  >y,  is  prodacod  by  the  distillstiflB  cf 

C*H"J 
hydrate  of  methyl- elbyl-amylo-phenylammoni  am.  water  and  ethylene  being  ghca  fltf 
at  the  same  time: 

[(Cir'KCH»XC'H"XC*H*)N]HO     =     (CH'XC*H"XC«H»)N   +    0^»   +  ffO. 

It  is  an  oil  hrmn^  an  agreeable  odour.  T\ie  cUoroplatinaif,  2(C'*H'"N,HCI)J*t*Q'.il 
a  crystalline  proapitAt^.     (Hofmann,  Ann.  Ch,  Pharm.  Ixdx.  1£.) 

C'Hn 
MBTHTT.-KTBTL-junu>ra.    CH'^N  «=   CH*>N.    (Hofmann,  Ann.  Ch.  Pbarxn-IiBT. 

152.) — Ethylaniline  boated  with  iodide  of  mm  hyl  for  two  days  to  100^,  yields  ctyitabef 
hydri(¥l«ti»  of'mcthyl-efhyl-aniline.  The  ba*e  sepantted  thf-refpum  smells  Uke  cth^t* 
aniline,  but  ut  not  coloured  by  chloride  of  lime.  Its  aalta  are  Tcry  soluble  and  moit|f 
anrr)s)tHlli.«ablei. 
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C*HS 

VbenylanUinM.— 1.  Dxpbkktulxixs,   C"H"K      •     C*HKN.        (Hofmftnn, 

H) 
Ann-  Ch.  I'hiirm.  cxxxii.  IG.**.) — Thii  baw,  isoraoric  wilh  xcnylamine  {C"H')H'N.  ii 
pro<inc<yl  by  thf>  dinTillannn  of  triphi'nyl-rcwuiiliDe  f aniline- blue).  C"H'*(C*U*)'N'. 
WhcD  comrncividil  anilinu-blui*  i«  BubjecUtl  to  di.»tilUtiun.  a  fuiutly  y**UMwi«h  liquid 
MMM  oT^r.  and  wbi.ii  tlu*  porlioD  which  dititiU  Iwtwet'n  iHO"^ — 3'K)^  ja  mixiil  with  hy- 
diwhloric  arid,  it  iminrtliiitcly  NolidifieK  to  a  hydroi'hlonitr,  Hparingly  iiolaltlp  in  stmnR 
hydrochloric  acid,  easily  puriti^  by  wmtbing  with  fUcohol  and  rccry^tjkUi.'jiition  fmin 
alcnhul.  This  salt  mixt*d  vicli  ammonia  yicldii  colourleas  oil-drops  which  solidify 
in  a  ft*w  secoDdB  to  a  hard  crystalline  msM  of  diphnuylamine. 

TbiK  base  ia  alau  found  in  Kmull  quantity  HmoiigHt  the  prodacta  of  diatillution  of 
xoantiiline,  IfUcaniUnt-,  and  mclmiiline. 

DiplirnyUnitnc  hus  n  peculiar  »Jour  uf  flowfra,  and  an  aromatic  tai^  with  buming 
afl»-r-tai*l*'.  It  nn»lt»  at  46°  to  a  y(»Ilow  oil,  which  boiU  comftantly  at  31(1^.  It  la 
noarly  iDsoluMe  in  r/uitrr,  eaeily  soluble  in  aJcok/tl  and  fthtr.  h'either  the  aquP'^us 
nor  the  alcoholic  Etulution  exhibits  the  slighleat  alkaline  reaction.  The  cryatala  treated 
with  ooncentntted  acids  ar**  immfdiat^-ly  convorted  into  the  correai>ODding  aalta.  which 
bowerer  are  extremely  unstable,  the  base  being  »epar.tled  from  tliom  even  by  WHter  in 
oily  drops  wlii«,>h  *ociu  j«olidify  to  crvntals.  From  the  hjdrochlorate  fveiy  trace  of  the 
base  may  bn  remuved  by  prolontjed  waMhing  with  water  The  hydrnckluratr^ 
C'*H"N.HCl,  i.t  obtained  by  reerystallisation  frum  alcohol  in  whit«  noedles,  which  aoon 
turn  bine  in  contnct  wilh  toe  air. 

DiphenyUmine  and  its  aaltii  treatod  with  strong  nf^rfc  acid  immedtutely  aasume  a 
Bplendid  blue  colour;  the  rpitction  ia  best  exhibited  by  mixing  the  baao  with  hydro- 
chloric acid,  and  then  adding  nitric  acid  by  drops;  it  is  rei^  delicate,  and  serves  to 
dintin^inh  dijihuitylamint'  frnm  all  aimllar  bodiea  exceptini;  pheoyl-tolylamiae  (p.  464). 
The  tMnimuHd  ti>  which  thiR  blue  colour  \»  due  ia  likewise  produced  by  the  action  of 
other  nxjillMing  agents  ;  thus  on  mixing  a  anlufion  of  the  hydrochlorute  with  pt^tinie 
chloridt^  a  blue  solution  is  formed,  from  whi>^h  the  chluroplatinate  separatea  only  on 
very  strong  concentration,  and  even  then  deeply  coloured. 

\Vh4'n  diphenylamine  is  mixed  with  /o/»f(finc(ben2ylAmin«)and  the  mixture  treated 
with  ytifrcuric  chloride  or  arsenic  acid,  or  any  of  the  other  reagenta  by  which  or- 
dinary anUinp  is  converted  into  anilioe-red,  a  fuaed  nuifts  ia  obtaine^l  which  ditf- 
■olvcH  in  alcohol  with  splendid  violrt-blue  colour.  The  body  thus  formeil.  which 
hnM  the    character   of  a  true    dyo*sttL£^    is   probably   monopbeny  1-rosaniline. 

An  alcoholic  Bolulion  of  diphcnylamine  mixnl  with  hr&niitte,  yields  &  yellow 
rryKtjilline  prccipit^ite  of  telrabromo-diph<*t»ylamitie,  C'*H'Br*N,  probably  = 
(C'H'Br^)'HN.  It  is  Eipnnngly  aolable  in  cold  alcohol,  and  aeparatea  from  boiling 
alcohol  in  benntiful  silky  cryntala. 

Diphmylamine   hcateid  with  chlcride  of  hen£oyi  yields  diphenyl-beDsamide^ 

(^*H*o[^'  *°  tli*>Jfo™i  of  ■  tliick  oil  which  ciystalliaes  on  cooling.    (SeoFaiXTb- 

BKNIAXIDSS). 

2.  Tuti'HB>Ti.AKiNii.  C'"H*»N  -  (C*H»)»N.  Diphityl-trniline,  (Oosamnnn. 
Ann.  Ch.  i'harra.  c  57.) — This  baso  has  not  yet  been  obtained  directly  from 
aniline  or  any  other  phcnvl-compound  ;  but  a  Iishc  metanieric,  or  possibly  identical,  with 
it  itt  pruductidby  thediiftillntiunofsulpluiteof  cinnamyl  and  ammonium  wilb  flaked  limn: 

2[CH'(NH*VS0J]    +    Call'O*     «     C'»H'*N   +   KH»   +    2H»0    +    Ca'H'SK)*. 

The  distilhito,  vliirh  cunalHU  of  a  dark  yellow  oily  liqnid  and  a  watery  ammoniaral 
liquid  containing  lhcornanicba.se,  is  Iwiled  wiihcar>>onat4-ofHodiumordjlut«  polniih-lpy, 
till  all  the  nmmonia  and  volatile  hydn»earlK)n,  &c.,  are  exi>ellf^;  the  flxea  alkali  re- 
moved by  repeated  washing,  &c,  with  diminishing  quantities  uf  hot  water  ;  and,  after 
thi<  water  hati  been  separated  :tfl  completely  as  pofisiblp  by  decantation,  the  oily  base  ic 
dislilbsl  in  a  »luw  vLrfam  of  hydrogen,  thu  tempenttnre  beiug  kjept  low  at  first  to  eva[»- 
oral4*  the  water,  and  the  base  afterwards  distilled  off  between  140*^  and  160°;  thil 
l^mporntun;  should  be  kept  up  as  long  as  pufwible,  since  the  base  decomposes  at 
higher  trmpcmtures. 

Th<^  base  tltus  obtainwl  is  a  oolourlesa  oily  liquid,  which,  on  exposure  to  the  air, 
bo  '•  mt^  yfllow  at  firxt.  and  aflerwards  red.  It  boils  bctwi>en  140°  and  \bO^,  and  dis- 
solvf.s  apjiringly  in  wutor^  readily  in  alcohol  and  ithr, 

Th*'  salts  are  very  nnstable,  all  of  them,  excepting  the  chloroplntiiiat^',  decomposing 
Bpontaneouply  on  expoaurr  to  the  air  either  in  aqueous  or  alcoholic  solution.  The 
htffhvchloraU  crystallises  in  shining  laminae  having  a  slight  tinge  of  red     The  eh/oro- 
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piatinatc,  2C"H"NCLPt»»Cl',  »par»t«aon  mixing  the  alcoholic  ly dfochlo«t»  wilb » 
moderately  strong  and  neutral  alcoholic  aolatioo  of  plAlinic  chloride,  «a  »  dsckjdbt, 
bulky,  titx-culf-nt  pn'cipitftle.  permaDeat  in  the  air,  and  ci7»t»Ui»iDg  from  alrobol  rf 
7fi — 80  per  CfDt.  by  eraporation  oTer  oil  of  Titriol,  in  blown  gUM/  ctjatal*  b4ttf. 
iog  to  the  regular  system. 

Ad  alroholic  solution  of  tho  fre«  bMe  mixM  vith  alcoholic  platinic  ehf4jridi^  fomti 
bulky  procipitato  of  the  eompoand  C'H'N'I'tClV  Analogooa  compotindi  areobui&id 
vith  mercuric  chioridc  and  sUvtT'tiitratt, 

The  bwe  C'*H**N  altove  de«cribcd  is  usually  n^rdwl  as  triphenjr lamina,  but  tl  \m 
not  been  shovn  to  yirld  by  deoompOHition  any  compunnd  of  pbonjl,  or  soj  of  th<  mai 
products  of  d«oom[KMiitioD  of  phenyl-compouzidB;  nod  the  mod«  of  its  fonnatioB  ••««■ 
lather  to  show  that  it  is  dicinnamrUmine,  (0*}r)>HN.  With  $odtd€  c/td^% 
yields  the  compound  C*H*AT  -  CC^H*XC*H*/N1  or  (C*H»)(C»H'>«Hia  (as*  pbcsjt- 
ammonium). 

TolylanlUnet 


B«na7**iilUae« 
ftmlB0.     C'"H'"N  -  C-JIVN.  (nofmann.  Ann.  Ch.Phanu. 


•'IV  >y 

H> 


n&enjl-tolylaiiiliie  or  YbeayUbcasyl- 

292.)— ProdoeeJ 


by  the  dry  distillation  of  a  salt  of  tritolyl-roaaniline  (toluidine-blue)  in  the  same  msnser 
as  diphrnyUmine  is  produced  from  triphenyl-rosanilino  (p.  453).  To  prepare  it»t 
solution  of  cr^'stallised  acetato  of  rosnniline  in  twice  ita  weight  of  toluiaina  (beurt 
amine)  is  boiled  fur  some  hours  in  a  flmk  having  a  vertical  condeuaing  tube ;  the  wm 
maas  is  then  distilled,  and  the  difitiiliite  mixed  with  hydrochloric  &cid  and  th«a  with 
water,  whereby  aniline  and  toluidine  and  other  bases  accompanying  th«  phesyltohl- 
amlne  are  dissolved  06  hrdrochloratea,  while  the  phfiDvl-tolylHmiae  remaina  aanoi^ 
htyer,  which  usually  solidities  or  may  easily  be  purified  by  rectificatioou  Tha  nnhiig 
crystals  are  finally  recryBtnUisMi  from  oloohoL 

Phenyl-tolyUmine  mr-lt«  at  87°  and  boils  334-6  (corrected).  It  la  mach  lasa  aohibk 
than  diphenylamine.  Nitric  acid  converts  it  into  n  blue  subatance  scarce]  j  disttnga^ 
able  &om  that  produced  in  likti  miuiner  from  dinbenylamine.  It  oiutea  with  mA 
Ibrming  loosely  combined  compounds  which  ar«  easily  decompoeed  bjr  oootad  with  wairr, 
hy  heat,  or  even  by  eraponuiou  in  a  vacuum.  Tho  kydrvcmorait,  C**H"NSC^ 
obtAined  by  addins  concntrated  hydrochloric  odd  to  a  concentrated  alcoboUc  aolmaa 
of  tho  base,  or^'stallisra  in  Inmins. 

Phenyltolylamine  fu^cd  with  mercuric  ehloridr^  forms  a  dark-coloured  nAsa  vfaMb 
di solves  in   alcohol  with    splendid   violet-blue  oolour,   and    psobablT  eooMta  U  \ 
diphenvl-rosapiline,  C»H"(OIP)«N", 

Phenyl* tolylamine  heaCfld  with  chloride  of  hcnxoylt  forms  ph«nTl-tolTl-bsas< 
amide)  (C-H*)(CH')(C*HH))=N. 

Vlnyl-ABillDe.  OH*N  =  ((>H*XC*H')HN?  Aeff^t-aniline.—JL  hose  ebtaia4 
together  with  other  products,  by  the  action  of  chlonde  of  ethylene  oo  sailiss 
(Natanson^  Ann.  Ch.  Fharm.  xcviii.  297).  It  is  probably  identical  with  ethyl«Be« 
phenylamine,  (C»H*)''(C^H*)N  (seepage  456.  foot-note). 


to.  Pl&eB3rl-aiaxnln«s. 

These  are  diatomic  ammonias  having  2  at.  hydrogen  replaced  hy  phcDjl,  and  1  or  3 
other  hydrogen  atoms  by  a  di-  or  tri-atomic  radicle. 

Hofmann  (Proc.  Roy.  Soc.  ix,  277;  x.  104),  bjr  acting  apon  aniline  with dibromid* 
of  etbylt^o,  obtained  etbylene-diphenyldiamine  and  dietbylene-diphenyl- 
diamine,  according  to  the  equations  : 

2(C«H'.H^N)  -H   <?H*Br»     ^     (C=H*)-(OH»)*H«N« 


2(C«H».H«:K)    +    2CrH'Br'  -     (CH<)'(C«H*)'N« 


aiTBr. 
+    4HBr; 


and  Sehiff  (Ana  Ch.  Pharm.  Suppl  iii.  343),  by  treating  aniline  with  acetic  aldehy^  i 
(oxide  of  ethylidene),  has  obtained  two  compounds  of  the  same  oompoeitian  as  the  pie- 
oeding,  but  diff^rijig  from  them  in  physical  properties,  and  related  to  them  inthessms 
manner  as  aldehyde  to  oxide  of  ethylene,  and  ae<  tal  to  ditthylate  of  ethylene,  that  » 
to  say,  containing  ethylidene  (ii,  698)  iuslcad  of  ethyleue.  Tht-ir  formation  maybe 
represented  by  equations  exactly  similar  to  tho  prpceding,  substituting  O  for  Bj*. 

Compounds  analogous  to  the  srcond  of  these  bases  are  likewise  obtained  by  trotting 
anilinu  with  rtLtcrianic,  oenonthylic,  benzoic,  and  other  aldehydes,  the  genenif  equatioB 
of  their  formation  being : 


m^] 


+   2OH-0 


(C»V)*) 
(C-H*)»  j 


N'  + 


PHENYL-DIAMINES. 


4oh 


•cid 


A  pbt^nyl-di Amine  containing  a  trintomic  ndiclo.  viz.  formyl-dipbcorl-diAiniois 
(CH)  (C*H')'HN*,  is  produced  by  the  action  of  chlorofbrm  on  iLnUine  (fiofmann. 
Proa  Roy.  Soc.  ix.  230),  thus: 

2(CH*.H«N)   +   CHCl*     -    (CHr(0»H')»HN«   +   3HCL 

Orieii(Ann.  Cb.  Pborm.  cxxi.  257;  Jahreab.  1862,  p.  337),  by  poMinff  nitroiu 
id  into  an  alcohoUc  aolation  of  aniline,  boa  obtained  azodipbenyldiamiue, 

W    >}P;  and  similar  compoonda  are  obtained  by  the  act  ion  of  niiroua 
H     J 
acid  on  alcoholic  ftiilutionii  of  bromaniline,  cbloraniline,  and  nitniniliuc. 

Laatly,  moluniline,  C"H"N',  may  be  regarded  ait  cyauo-di  phenyl-diamine 
CN    ) 
(OHMnN*,  and  the  bane  C'E'^K*.  produced  by  the  aoUon  of  tetrachloride  of  carboa 
H"    i 

CN     ) 
on  aniline^  aa  cyano-tripheDyl-diamino,  (C*iiY>]P. 

H*    ' 

1.  ElhifUnf'Ct>mpou%da. 

Stlirlene-dlptaeDyl-dlacDlna.    e'H'»N»    -  ((7H7(C^»)»HW.— Thia  com- 

pound  ia obtained  by  tivaung  bromide  of  rthylene  vith  a  lur^o  excees  of  aniline  (I  vol. 
of  the  former  to  4  roL  of  the  lattLT).  The  mixtore  rapidly  snIitUfiee  to  a  cryHtalUue  maiia, 
from  which  vater  remorefl  a  ouufiiderable  quantity  (if  liydroc)iIorate  of  aniline,  leaving  a 
brown  rminourt  Bobfttunop,  which  gmdmilly  but  imperfectly  aalidiflea.  This  aubolanoe 
^rma  a  liydnxhlorale  which  diasolvee  but  sparingly  in  strong  hydrochloric  acid,  and  may 
W  readily  purified  by  repeated  cryBtallisation  from  boiling  alcohoL  On  roixinfr  the 
aqueous  flolution  of  this  pure  bydrochlorate  with  potash  or  ammonia.  ethylene-diphf>nyl- 
diamino  Bcpftrates  as  an  oil  which  qui^Vly  solidifies  to  a  cr}'italline  maaa  and  may  be 
purified  by  repi-atcd  eryataliisation  from  ililuto  alcohol. 

Ethyleno-diphenyl-diamino  id  T<*ry  soluble  in  alcohol  and  fther.  It  melts  at  69**. 
With  kydrocMoric  arid  it  fornw  th^  hydroohlorHti',  C'*H'»N*  2HC1,  or  chloride  of 
ethylene-diphenvl-diammonium,  (C*H*)''(C"H>)'H'N*.CI",  which  when  treated  with 
jAatiniQ  chloridf  jxeVU  the  chloroplatinate,  (C«H')*(C-H*)»H*NKl».Pl»'Cl*. 

Dihromide  of  ethylene  ia.  presence  of  alcohol,  conrorls  it  into  diethylene-dipbeiiyl- 
diamine : 

(CrH*)''(CTI*)'mj»  +   C«H*Br«     •    (CH')*(C^*)^»   +   2nBr. 

EthyUne-dipkfnyl-dieihyl-diaminf,  C"H"N«  =.  (CH*)"(C:'H»)«(C=H")T«', 
is  obtained,  in  combinrttion  with  hydriudic  acid,  by  digcfitiiig  ethylene-iliphf  nyl-diaraine 
with  iodide  of  ethyl  for  Romo  huiiw  at  100°.  Tho  ht/driodatf,  C'*II**N'.2UI.  or  iodide 
of  ethylene-diphenyl-diethyl-diummonium,  C'^H^NH'  « (CH*)"(C«H»)*(C"H»)«H«NM», 
then  separatee  in  well-definwl  prisms  sparingly  soluble  in  water,  more  soluble  in  alcohol. 
When  treated  wit  h  potash  it  yields  the  frtt  base,  C'*11"N*,  which  is  also  cryataUine  and 
melts  at  70°     Tho  chloroplatinatc,  C"fr*NK;i».Pf'a'.  crystallises  in  Deedlea. 

Blatbrlene-dlpliMiTlHUainlne.  C^"H"N'  -  (C'H')XCTI*)»N».— This  liase  is 
produfed,  .is  already  observed,  by  the  action  of  bromide  of  ethylene  on  ethyloin*- 
dipheDyUdi;imiue;  abo,  together  with  two  others  harins  the  same  percentage  compoaitiou, 
by  heatinf^  1  vol.  bromide  of  ethylene  with  2  toL  aniline.  It  was  at  Arst  regarded  by 
Hofmanti  aa  rthi/lrnr-phniy famine,  (C'H*)"(C*H*)N,  but  its  deportment  with  the  iodidea 
of  methyl  and  ethyl  (p.  ■l56)showitto  bo  a  diamine.  It  is  polymeric,  or  metapolymcric, 
with  tho  bo*'  called  viuyt-phtnylaminr^  which  Natanson  obtained  by  ihe  action  of 
dichloride  of  ethylene  on  aniline,  and  with  pA/A/i/«///i^  (C'*H')H"N  (?),  whiffh  Duaart 
found  among  tho  products  of  decomposition  of  uitronaphthalenci. 

Prfparation. — A  mixture  of  1  voL  bromide  of  ethylene  and  2  vol.  aniline  exposed  *o 
the  heat  of  boiling  water  for  anhonr  or  t«*o,  snlidilles  to  a  crystalline  mnas  c(in»i»tJh^ 
of  hydrobromato  of  aniline,  together  with  three  other  bases,  partly  froe,  partly  as  by- 
drobroraates.  These  bases  areeeparated  by  ihcirdifferentdegreeaof  solublityin  aleobol, 
the  Hrel  bcin^  extremely,  the  second  but  slightly  soIut)le,  and  the  third  insolable.  To 
elTect  the  m'paration,  the  solid  mass  if  diDtilbnl  with  water  to  ri'more' unaltered  aniline 
and  bromide  of  ethylene,  and  the  rcsiduo  is  mixed  with  Mrong  caustic  potash,  which  fM'ts 
free  the  pfjrtion  of  tho  busea  combined  with  hydrobromic  acid,  in  the  form  of  a  wmisolid 
resin.  This  is  waithed  with  water  and  redi.HliIlr<d  with  water,  whereby  an  adtlitioual 
quiantily  of  unalten^d  aniline  is  expelled,  aud  the  residuary  mass  is  treated  vrith  boil- 
ing spirit  (methyliiifd).  The  insoUible  btuoe  in  then  left  at»  a  white  powder,  while  the 
other  two  dissolve  in  the  spirit,  and  the  solution  oo  cooling  deposirs  crystals  of  Ihe  leaa 
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■o]at>l«  bue^  wbicli  u  diethjlene-diphonyl'diaiuiDr.  and  conOiitaXmhyht^ 
Ur^tst:  part  of  the  prodact»  while  the  more  soluble  base  cvniAiziv  in  aolotiaBL*  Tb 
dielhylt^ne-diphi^nyl-idiamine  coAy  be  purifted  by  two  or  three  crystailiaatioat  ftstt 
aleulioL 

Proprrtifs. — Dieth^lfon-diplienyl-diamino  crjBtalliBes  in  Bnow-white  mtx&m 
Deedle«.  tjutelees,  inodorous,  iiuioluble  in  water,  soluble  in  boiling,  leas  aolab(tta«iU 
tUcohol,  loluble  in  ether ,-  the  solatiooB  are  neutral  to  vegetable  ooionrs.  It  mdtt  M 
148°  and  begins  to  boil  and  distil  at  300°,  the  greater  part  undergoing  deeomfomsm 
and  yio  ding  conBiderable  qiumtitiea  of  aniline,  together  with  other  prodneu  ttl 
examined. 

The  baae  dissolves  easily  in  kr/drocUtme,  sulphuric,  and  nitric  mdd^  evpedaUy  «i 
gently  heating  the  liquids,  which  on  coolini;  deposit  weU  eiTstaUiaed  aaUft  Tm 
lydrochioratf,  C'«H'»N«.2HC1  or  C••H»•N«CI^  forms  yellow  precipitate  with  amita^ 
piatinic  chloridts,  the  latter  containing  C»'H»N*Cl*Pt''Cl<. 

The  base  is  not  acted  upon  in  any  way  by  bromide  of  eihj/tme^  even  &f^er  prolottpd 
contact  at  100^—160^;  but  when  heated  for  some  time  to*  100^  with  the  ii)didr»  n/ 
9fieth\fl  and  fthyl,  it  unites  directly  with  them,  yielding  the  compoaDda  C**H*'ir'.CH^ 
and  C»H'»N«.C>H*I. 

The  mrthyl-ccmpfmnd,  when  frcfd  from  excess  of  nietbylic  iodide  by  distiSatioQwitk 
water,  then  watched  with  cold  wator  and  repeatedly  cr)'etallised  from  boiling  wilf^> 
mixed  in  the  latter  stages  with  a  small  qaantity  of  spirit — ia  a  crvstalline  veUowitli 
compound  wbidi  may  be  dried  at  100°  without  decomposition.  Oxide  of  wTereoi^ 
Terta  it  into  u  powerfully  alkaline  liquid  resemblingthe  solution  of  hydrate  of  tatnefajt* 
ammonium,  and  yielding  with  hydrochloric  acid  and  plntinic  chloride,  a  pale  jeHov 
amorphous  »/rt^ntt/ii-*a/f  containing  2(C'*H'*N='.CH»Cl>Pt'''Cl*. 

The  eCht/l-cnjnpt'und^  C'*H"N*CH*I,  is  obtained  in  Uke  manne^  but  reqmrea 
digeetion.  It  crystalliaes  in  yellowish' white  needles  which  melt  at  100°  to  a  yellow  oil 
It  is  also  dooomposed  by  oxidt*  of  silver,  yielding  a  strongly  alkaline  solution  «hi'h 
forms  with  hydrochloric  acid  and  pluLinic  chloride  the  compound  2(C"H"N'.C'H'C1 

2.  Ethplident'Compounds. 

By  the  action  ofaceticaldebydeon  aniline,  two  bases  are  fcomed  isomeric  with  the 
lene  bases  just  described.  At  ordinary  temperatures  thn  action  takea  place  with 
Tii>]encc,  water  being  sepnrtited  and  a  thick  brown  liquid  formed.  Hut  if  the  two  liqoidl 
befure  mixing  are  cooled  by  a  mixture  of  ice  and  salt,  and  the  aniline  is  kept  in  cUbi^ 
u  more  modcmte,  though  still  very  rapid  action  takes  place,  and  the  resolting  man  hal 
only  a  slight  yellow  colunr.  This  product  enclosed  in  a  sealc^d  tube  and  left  to  itsflf 
finr  some  weeks,  assumes  a  red  colour  which  becomes  darker  on  fiuully  heating  it  U/ 
100°  for  a  few  hours.  Oo  opening  the  tube,  the  water formcMl  during  the  reaction  (p.  4341 
if*  i>usily  decanted  from  the  thick  liquid,  and  the  latter,  after  being  firrcd  from  exooactf 
aniline  by  dilute  acetic  acid,  muy  be  furtlitr  purified  by  washing  it  aeTerttl  times  with 
water,  dehyilruling  it  in  the  fus^td  state  with  chloride  of  caldimi,  then  dissolTiog  it  in 
a  conHideruble  quantity  of  ether-alcohol  to  separate  certain  flocculent  imparitieit  snp- 
orating  thn  solutitm  in  a  retort,  and  dxying  the  residue  for  some  time  betweea  lOtf* 
and  llO^.f  The  product  thus  obtained  is  a  shining,  ropy,  slightly  violet -coloured  sun 
containing  ethyhdeae-  and  diethylidene-dipbenyl-diamine^  wlucfa  mar  be 
separated  by  t>oiling  alcohol,  the  latter dissolring  easily  and  abundantly  therein,  whilo 
the  sreatcr  port  of  tbo  former  remains  nndisBoIved  Mid  the  rest  sep€Lrat«s  from  tka 
alcoholic  ftolution  on  cooling. 

XtbyUdene-dlpbenyl.dlamin6,C'*H"N*  =  (C»H*)*'(C«H»)«H«N',  is  obtained  bf 
repeated  cnr'stallif^aLioii  fnim  hut,  alcohol  in  spherical  groups  of  crystals  always  hariiig 
a  faint  yellow  colour;  in  the  perfeftly  pure  slate,  it  would  probably  be  colon  rless*  VHira 
exposed  to  light  and  air  it  gradually  turns  reddinh  It  does  not  unite  with  the  weakrr 
acids,  but  readily  with  tho  stronger  acids.  TlU^  su^phaie,  niVra^,  and  hydrockloraU  are 
so  extremely  solubU*,  evni  iu  alcohol,  tbat  tliey  cannot  be  made  to  crystaUiop.  The  bsst 
deliquesces  in  hydrochloric  acid  gas.  The  acid  solution  of  the  hydrochlorate  is  pre- 
cipitated by  serornJ  metiillic  salts.  With  mrrcuHe  chloride  it  forms  a  yellow  flo«a- 
lent  crysLalliue  precipitate  of  the  chloromercurate,  2(C'*H'*N*.IICl)ng"Cl%  which  h 

*  The  moTQ  loluble  and  the  InioIubV  bue  hsTetbe  uroe  percentftKa  oompoiltlon  as  dleCkylia*- 
(llphf ny k-df«rnlnr.  but  Cheir  rational  iTurmutK  h^fe  not  bren  drCrrmlrri..  It  (•  probiihlr.  hawevor.  tM 
therormerlf  eCfajrJpne.phciiylamlD*.  CHON  s  (CH*)"(C''H^)N,and  the  latter  inethjlrat- 

trlphenrUrlnmiiiw.  (^H'^N*  =  (Ci'H«>HC*H*>*N>.    The  former  U  probablj  «1m>  Ulcoilcal  «itk 
NBlnninon'i  vlujI-phcnyUmlnc  (p.  'IM). 

t  Tlie  >nnic  rnpiliind  f  r«ri  Uw  thn  puHEkatlon  oftbc  producti  obtained  \sj  the  acUon  of  oUiceal^ 
hjdc*  upon  antliac,  to  be  tlckciilMnl  furtber  ou. 
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ftmolnbl''  10  water,  but  diasolTM  in  alcohol  cooUining  hydroditoric  ncid,  forming  a 
J  •olution  from  which  aulphydric  acid  throws  down  very  £Ld«1j  divided  mercuric  ralphide, 
[ -At  130°  it  tama  pnd,  begins  Uj  fuM»,  and  mvM  off  a  Ui;ge  quantity  of  hydrochloric 
1  acid,  UaTiDg  th*«  compoond  2C'*H'*N*  HgXK 
'      The  chhropiatinair,  2CC'*H»'N'.HCljJ't"Cl*.  U  a  yellowiah-red  oyatalliD*  prrapitato 

Duoluble  in  waU'r,  slightly  soluble  in  aloohoL 

Biethylidene^Uptienyl-dlamlna.  C'*H"N*  -  (C^*)>((MP)^.^Tbis  ham 
reroaiiu  on  evaporating  the  alcoholic  Aulution  above  montiont^.  tut  a  red  re«aoafl  masn, 
and  may  be  ubuiinpd  by  repeat4xl  solation  in  alcohol,  and  repeated  procipitalion  from 
add  solution,  in  solid  but  not  in  ciystaUine  form.  It  may  also  be  povparod  by  tb« 
action  of  ituiline  on  oxychloride  of  ethylidene  (li.  d99) : 

(C"&*)»C1«0     +    4C-HTI      -      (C»b*)«(C-H»)«N»     +     2{C«H*N^Cl)     +     H«0. 

It  diffore  from  the  monoelhyHdenatM  baa*»  in  it*  inferior  tendency  to  cryitalliae,  bat 
reseoibles  it  very  closely  in  Bolubility  and  in  it«  behaviour  with  acida  It«  aolution  in 
hydrochloric  acid  piven  with  piaUnivchioride^  an  orange-colouretl  cryatalUne  precipitate 
comjidting  of  2fC'*fl"NMICI)PtJ*01*.  and  with  v^ercurie  eXloride  a  yellowiah  floeculent 
precipitate^  of  the  compound  2C"H'"N'.Hg"CP, 

Both  the  t'thylideue  bases  unite  with  iodide  of  rthi/l,  forming  compounds  probably 
aimilar  in  conHtitutiou  to  the  ethyleoe-oompoundfi  already  mentiuned  (n.  456).  On  heat- 
ing 1  at  of  the  dicChyHdene-baao  with  2  at  ethylio  iodidf.a  considerable  uoriion  of 
the  latter  remains  uccombined,  but  the  rusuJtiug  compouuJ  dues  not  cryaUlUse  well, 
tnd  has  nut  been  uniilya^d. 

3.  Phm^l'diamines  containing  othtr  Ald^hyde^radicUt, 

I>laUyUdene-HUpheDjl.(llamlae.C»H>'K*  |^|^!^J|n«.— Produced  by  treat- 
ing aniline  with  acrolein.  The  action  is  very  violent  and  requires  to  be  modL'ratod 
by  afrvexing  mixtur<^  Tlie  ]>ujigi',-[it  odour  of  the  acrolein  is  instantly  destroyed,*  and 
the  product,  treated  by  the  method  of  purification  above  described  (p.  456),  yields  the 
diamine  in  the  form  of  a  ypllow  inodorous  miifls,  which  dries  up  to  a  vamiab,  and  if  it 
still  retains  a  flight  excess  of  tiniliue,  AAauiueji  a  fine  red  colour  when  dry.  It  i* 
insolublA  in  wurer,  Klightly  soluble  in  ulcohoL  Its  salts  have  not  be€*a  obtained  in  the 
crystslliDQ  state.  The  hydrochloric  acid  polutioa  mixcnlwiLh  almhol  yiplds  pnlvemlf-nt 
prceipitates  with  mercuric  and  plntiuic  chloride.  Tho  pfatjnvm-sfrft  gave  by  anjilynia 
21-24  and  21-38  per  cent  pUliuuia,  the  formula  2tC'*H'*KMfCl)PtCf\  requiring  212 
percent. 

X>taxajUdene-dlpli«nyl-aUzniiie»  C^H**N*  «    [Q|^}T|N*.*Frodncedbytli0 

action  of  valeniUU^hyde  ou  unitiiie^  Thn  nctioa  ts  niutdi  leea  eutrgctic  than  with  acetic 
aldehyde;  nevertheless  it  is  attended  with  considerable  rise  of  tcropirature  and  im- 
mediate separation  of  water.  The  produet  ptirilied  as  above  is  a  thick  yellow  oil  having 
a  bitter  tiate,  insoluble  in  water,  easily  soluble  in  alcohol  and  other.  It  doee  not  unite 
with  acids  ;  the  alcoholic  solution  mixed  with  hydrochloric  acid  and  platinic  chloride 
and  evuporated.  does  not  yicM  any  phLtinum-aalt.  Heated  with  iodide  and  ifroinide  of 
tthyl^  it  yields  compounds  having  tiie  conai&tonce  of  turpentine. 

AltoguLher  this  and  the  following  compounds  differ  coimiderably  in  their  propertiea 
from  the  ethylideoe-di amines,  occupying  indeed  aa  intermediate  place  between  basio 
amines  and  acid  amides,  and  perhapA  approaching  more  nesirly  to  the  Utter.  Nc^-or- 
thelesa  their  relution  to  the  etliyliileoe  boa^a  and  their  cupuhUity  of  aniting  with  the 
iodides  of  ethyl  and  methyl,  muku  it  more  convenient  to  regard  them  as  amines. 


I>ibeDZ7lldene-dlptien7l-diamlne.    C^^'N* 


N*. — Thia  compound 


(C'H-)', 

(OH»)«i 

was  discovered  by  Laurent  and  Gerhardt  (Compt.  chim.  1850,  p.  \\'l\  who  called 
it  btneoylamlidey  and  iiswpned  to  it  the  furmuhi  C"H"N.  It  is  produced  by  the 
aetion  of  aniline  on  bitter  almond  oil.  The  two  bodies  act  upon  one  another  nt  onli- 
niiry  temperature's,  with  sepiiration  of  water,  and  the  reaction  may  be  completed  by 
heating  the  mixturb  to  10tJ°  for  a  few  hours.  The  product  is  a  crystalline  mas»which 
may  be  purified  by  repeated  cryalallisalion  from  hot  alcohol  or  from  alcohol  and  ether. 
It  then  forms  aystallm^  plate«,  according  to  Lauivnt  and  Oi^rhardt:  Schif^  however, 
obtained  it  only  as  a  yellow  ciyBtAllioe  matis.      Laurent  and  Oexiutrdt  found  that  it 

•  A  ri^ii'lmtw  moisteiipd  with  a  iimaU  anAntitr  of  aDlUuc  affords  a  t ery  good  tirotectfoo  acalntt  Um 
Intiufti'Ijr  m  lldtini  Tupouri  of  acrolciu.    (Sch  Ut) 
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could  be  diitilled  without  dMompontJoD  and  was  thos  obCAUied  qoita  ralraiW;  W 
Kooordiiig  to  SchhTit  is  id  great  p&rt  decomposed  hj  dutilUtion. 

Btngdin,  C'*H'K)^  heated  with  aniline  to  100^  yields  with  veparmtion  of  vit^  % 
product  which  appears  to  be  identical  with  that  obUuned  with  bitt^  almond  oil,  htt 
cr^ratallisea  more  readily  fron  etiier.     (Schi  ff.) 

DibenKylidene-dipbonyl-diamine  is  tutelcsB  and  inodoTOOS,  rerj  fasible,  intchHta 
ttatrr^  vi^ry  soluble  m  alcokul  tind  in  ethtr.  It  dissolves  in  hot  strong  AfdrapUw* 
Of^V/,  and  does  not  appear  to  bti  doi-'ompospd  by  boUiog  the  solution  ;  but  is  svMiitBi 
'  iu  its  onfj;iDaI  stale  on  additiou  of  aniaioniA.  It  is  not  dissolTed  by  ac^tie  aai,  B* 
boiling  with  strong  nt/n^r  om/ijAurir  acttf,  it  is  resolred  into  bitt«r  almond  oQsh 
antlioe.  Brormne  passed  into  the  alcoholic  solation  throws  dnwn  crystaUine  tribn^. 
aniline  (Laurent  and  Gerhsrdt).  It  does  not  form  a  chluroplatinate.  It  uaile^ 
but  ilowly.  with  iodide  of  akyl.  When  1  at.  of  the  diamine  and  2  at  iodide  of  vtgl 
are  heated  together  for  two  days  in  a  sealed  tnbe,  a  confiiderable  portioa  of  the  liftt 
reiniiins  nnderompoeed.  According  to  Borodine  (Ann.  Ch.  Phartn.  cii  264X  tw- 
»)yl-aui!ide,  C"H"N,  uuilrs  with  1  at.  rthylic  itxlidp,  and  the 
potaah  yields  an  alkaline  ma^s  which  tiecompoees  by  distillation, 
(aline  liquid.  According  to  Schifl^  howorer,  the  alkaline  mass  tli 
but  a  mixture  of  the  original  aubstaoco  with  aniline,  which  passes 

The  diamine  when  exposed  to  the  air.  especially  if  moist,  bss 
colour,  and  is  ultimately  conrt-rted  into  a  coloured  amoi^hona  mass.  A  bhie  eoloBrii 
also  produced  by  heating  its  alcoholic  solution  with  nitric  acid  or  with  menrvicflr 
platinic  chloride,  also  by  lusting  it  in  »>alr>d  tubes  with  ammonia.  As  the  diaadv 
contains  the  radickuf  phenvl  and  beuzylidfne,  the  blue  substjince  piodtteed  in  these  rs- 
actions  is  probably  related  to  the  aniline  d^es  (see  Ai^kkuix  to  Pa3L3rTLAXi3CB»). 

Tht*  neutral  diamine  obtained  either  by  the  action  of  btttcr  almond  oil  or  fA  ti«tiaei9 
U[)on  aniline,  undergoes  a  remarkable  change  when  kept  for  some  zoonths  in  asslrd 
tubes  at  onlinary  temprratnrea,  or  heated  for  about  ten  hours  to  IB0°  *nd  at  laslts 
200°,  It  ia  then  concerted  without  change  of  composition  into  a  &a««r  snbstaoae  aip»> 
bte  of  forming  baltji  with  acids.  The  basic  modification  is  a  brown  g^assT  aobsUMi 
much  more  soluble  in  ulcohol  than  the  origiiud  body,  le^s  cnr  stall  liable,  ana  in  rontad 
with  acids,  immediately  acquires  a  deep  red  colour.  Its  salta  arr  eparingty  solabte  la 
water,  eoailjr  io  oleohul.  The  hydrochlorate  gives  precipitates  \rith  mercuric  audpifr 
tinic  chloride.  The  pla(inun)-*ait  contains  17*6  per  cent,  platinum,  agrvsing  vitb 
the  formulo  2(C»H»-N-.HCl)Pta\  which  requires  17  5  per  cent 

This  basic  diamioe  is  related  to  the  original  compound  in  the  same  maaoer  u 
the  ethylene-basds  to  the  ethylidcne  bases  aboTe  described,  or  as  amarine  to  fajditn 
benzamide;  it  may  thereforebe  called  dihenzylenu- or  ditoluylene-dipheojl- 
diamine.     (Schiff.) 

lifnztflidene'diethyl-di  phenyl- diamine,  C»H'«N*  »  {CrB.*^f\OWf 
(C?*H')T^*. — Produced  by  the  action  of  bitter  almond  oil  on  ethyl-aniEna,  gwjeialh  in 
the  form  of  a  resin,  which  may  be  oblainvd  in  Milid  form  by  repeated  sepanitioa  from 
its  metallic  compuuuda  It  is  inwiluble  in  water,  sparingly  soluble  in  alcohut  Me 
soluble  iu  ether.  It  does  not  form  definits  salts  with  acids,  but  its  solution  in  hyicBb^ 
chloric  acid  gives  a  white  precipitate  with  mprrnric  ddoride,  and  yellow  vith 
platinic  chloride,  the  latter  containing  18*4  per  cent  platinum,  while  the  formula 
2(r^H--N'.HCl)PtCP  ruquire*  185  per  cent 

This  etli>'lAted  diamine  shows  a  still  greater  tendency  than  the  dibenxylideoe  eaa»- 
pound  to  form  a  blue  compound  by  oxidation.      The  somewhat  concentrated 
solution  is  daxk  red  by  transmitted  and  dark  blue  by  reflected  light 


1 


S»»iept7Ud«iie-iUphsn7l.4liamiiie.     C>«H»K'    -    ^^«.i  [l^.— Amliaei 

tpnHDtliol  net  on  one  another  at  orHInary  temperatures,  prodneinga  rxBe  of  tempcraturt 
of  40" — 60°.  Tlir  product  pnrilied  as  above  ia  a  yellow,  bitter,  oily  liquid  whkcb  m*j 
l«  partially  distilhxl  without  di-comptwition.  It  ia  not  basic,  not  even  fonniatf  s 
chloroplflTinate.  Nitric  Sji-id  alta.fcs  it  violently,  fonning  a  brown  rosin.  SulphiL- 
«fi(i  quickly  dccompoeea  it,  eiipeciaUy  when  heated,  into  asniuithol  suod  sulfdiBlrof 
aniline.  It  unites  with  alcoholic  iodides.  When  heated  for  w>me  honrs  to  100^  ma 
sealed  tube  with  excess  of  amphc  iodidr,  it  yi<-ldH  a  ynllow  riaoous  body  oooSaioiif 
2  18  per  cent  iodine,  the  formula  C*H"N=.C*H"I  requtriug  TlOb  per  cent 

(C'H'*)"> 
Stptylidene-diallyl-diphtnyl-diamine^    C»H'*>i'  «  (C»H*)»  >2P-— P»- 

(C»H»)«  > 
duced  by  ths  action  of  ccnanthol  on  allylnnilinc: 

2  dPlN       +   CUI"0     =    (r»H»)nN5   +    HMX 
L    Hi    J  (.C-VV^i 
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It  ii)  K  jpllow  oily  liquid  hnring  a  bitter  tAste  and  a  yery  strong  odoTir  of  ic^raniumoi 
It  diAsolveti  Id  strong  stilphurio  acid,  and  on  addicioD  of  vater,  part  of  it  SPparatt^K 
iuialt«rpd,  while  the  rest  ia  dpcomposed.  yielding  cenanthol    It  haa  no  biisiL  propfrtioa. 

Beptylident'diethyl-dipkenyt'diamint,     C»«H"jn     -     (CH*)*  IN«.— 

(CH»)»  i 
pK>dD«>d  by  thfl  action  of  cenanthol  on  pthylaniline.      It  ia  a  yellow  oil  which  toma 
brown  when  heated,  and  distik,  with  ftome  decompotdtioii,  betwMn  216°  and  320^.     It 
does  not  unite,  (•itber  with  acida  or  with  chioridea. 

Action  of  Aiiilinr  <vn  Cinnamic,  Cuminic,  and  Snficylic  Aldfkydft. — AniUn«  acta  on 
cinnamic  and  porainic  iildehydea  in  the  aame  manner  aa  on  those  above  menrionodf 
forming  dinmincs  which  hare  no  baaic  propertiea  and  do  not  combine  with  platinio 
chloride.  The  cinnamic  compound  ia  reainoua;  thp  cnminic  coxopoand  is  a  thick  oil. 
The  reainoua  reaidae  left  in  the  diatillatioti  uf  ciimin*oi]  is  not  affected  by  aniline. 

Aniline  tUccwiae  nnitea  in  a  similar  manner  on  aulicyliv  aldehyde  (st^icrloun  acid), 
as  obserred  aome  time  ago  by  Schisehkoff  (Compt.  rend.  xIt.  272).  The  product 
la  crystalline,  and  consiata  of  diphenyl-salicyl-diamide  or  saltcylanil  ide, 
C"H"N"0",  a  compound  polymeric  with  phenyl-benzamide  C"H"NO.    Ita  forma- 

(crf^O)'; 

(C*H»)«  ; 


tion  ia  repreaentcd  by  the  equation :  2C'H*0   +   2C*H'N 


+   2H«0. 


4.  Fotmyt'eompQund, 
ronnTl-dlpbenyl-dlamlne.   C"H»»N«  =  (CH)'"^!^.— (Hofmano.ProcRoy. 


CH)'-).!^ 
H     ) 


I 


Soe.  ix.  S29.) — Thia  compound  ia  formed  by  the  action  of  chloroform  on  aniline: 

4C«H'N    +    CHa»     =     c'•H"^'^Ha   +    2(c«H\\.Ha). 

Chloroform  and  aniline  do  not  act  on  one  another  at  ordinary  temperaturea.  and 
acarcely  at  the  heat  of  boiliug  wutor  ;  but  on  exposing  u  mixture  nf  the  two  liqoida  in 
aealed  tubea  to  180° — 190°  for  tea  or  twclre  hours,  a  hard  brown  crystalline  triijw  ia 
obtained^consiating  ohiefiy  of  the  hydrochlorates  of  aniline  iind  formyl-diphenyl-diamine. 
To  parify  the  latter,  tlie brown  crystalline  mixture  is  triturated  with  water  itnd  washed 
on  a  filter,  till  the  precipitate  obtained  by  adding  potash  to  the  wash-waNr,  which  is 
at  firac  oily  and  eoihsisiB  only  of  aniline,  gradually  exhibits  a  tcndencT  to  solidify  and 
ultimately  falls  us  a  yellowish-white  crystalline  substuDce,  The  residue  on  the  filter 
ia  then  to  be  diK£olTL<d  iu  warm  (d(A  boiling)  water ;  the  solution  is  filtered  from  u  brtiwn 
reelnoua  eubstunce,  and  prEM'ipitatedby  ammonia  or  potash;  and  the  crystalline  precipi- 
tate thua  obtJiincd  ia  washed  till  &ee  from  alkali,  and  repeatedly  ciTstalliaed  &om  weak 
spirit 

Formyl-diphenyl-diamine  forms  a  white  crystalline  powder,  or  somctimea  minuto 
acalea,  gencrully  of  a  yellowish  tint,  arising  from  a  trace  of  a  yollow  substance  formed 
during  the  reaction,  which  adheres  to  it  with  great  tenacity.  It  ia  insoluble  in  water, 
but  diaaolrca  readily  in  alcohol  and  ttkeT^  and  is  precipitated,  from  hot  solutions  l^ 
water  aa  a  yellow  oil  which  solidifies  to  a  white  cryslaUino  mass  on  cooling.  It  la 
easily  diWlvpd  by  acids,  with  many  of  which  it  forms  crydtalline  salta.  Thcae  palta 
are  not  very  stable,  their  solutions,  especially  when  houiod,  being  alwuys  found  to 
contain  more  or  le*«  aniline.  VTith  potash  or  ammonia,  they  yield  a  pnH'initate  of  the 
faaae.     The  htfdrochloraU  oontaina  C'H'-X'.HCl ;  the  ehloroplatinaie  2(C'»H"N'.Ha}. 

pta«. 


Axo-iUplieD7l-dlKmlne< 


6*  AMophenyl'diaminea. 


C'»Hi»N»  -  CC'^T^" 


(C*H')«> 


N'.  (Griess, 


Ann.  Ch.  Pharm.  cixi.  2fi7 ;  Jahresb.  1862.  p.  338  ;  Phil.  Tmna.  1864,  [3].  678.)— Tliis 
compound,  which  contuina  tbc  elements  uf  anilinn  and  oJEOphcnylnminu  (p.  431).  and  is 
accordingly  regarded  hy  Qtw^sa^  diazv-ainidobcmtne^  C*n*N',C*U*(l<'II*},  is  prudueed: 
—1.  By  the  direct  action  of  aniline  on  salts  of  ozophcnylamino,  the  nitrate  for  example, 

2.  By  the  action  of  aqueous  auilino-salta  on  the  compound  of  azopheuy lamina  with 

hydrate  of  potaaainm  \  eg. 

C«H*N'.KHO  +  CH'N.HCl     =     C'"-H'»N»   +  KCl  +   HK). 
3.  By  the  action  of  nitrous  acid  on  an  alcoholic  solution  of  aniline  : 
2C*H^N   4-   NHO»     -     C"H»'N»  +  2H>0. 
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To  prepniv  it  dy  th*«  Itihl 


oiukI  reuctiou,  nitroiui  »ri*1  g««  i»  tAowlj  | 
R  cooled  solution  of  aniline  in  6  tft  10  ptB.  (ilcobol,  till  a  sni«ll  portion  of  tiieaohiin 
>jivr»  on  (^mpomtion  an  oily  rwidup,  which  iK>lidJfif«  to  a  crystalliD©  renn,  or  UU  tUi 
renidua  begins  to  he  insolubln  in  dilute  acetic  acid.  The  brown-red  alkaUne  Miobsa 
contains,  togfthttr  with  asodiphenyl-diamina,  rariable  qnaDfitic*  of  ph«rid,  bcsaarE, 
nilTHtH  anil  nitritr  nf  aniline,  and  nitrat*  of  azopbenylaoiLJie  (p.  431)*  formed byiW 
further  action  of  th(>nitiou8  acid  on  the  axodipheujt-diaiiine.  On  miTTng  the  tmncke 
solution  witii  a  Urge  quantity  of  wat4>r,  the  dianiinfl  ■•parates  as  nn  oiTj  nUH  vM 
af^crvarda  aolidifim,  eomctimes  in  yellow  cryatala.  It  maj  be  fr«ad  from  the  Mdfctp- 
liquor  containing  the  other  sabstaoces  just  inentionpd,  by  preasiire  and  w— hiag^tt 
cold  wAt«r,  and  further  purified  by  aevernl  n>cryatalliaatioas  from  hot  alooboL        ^^ 

Ajsodiphcnvl-dianunc  cryatalliaca  in  golden-yellow  shining  laminaB,  or  leas  fre ,_ 
in  needles.     It  is  taotejesa  and  inodorous,  insoluble  in  water,  sparingly  aolable  ia  i 
more  soluble  in  hot  alcohol  and  solable  in  all  proportions  in  other.     It  melu  at  91'  | 
to  a  red-brown  oil.  which  solidifies  again  in  the  crystalline  state  at   50° ;  at  a  ] 
trmpi'nture  it  decomposes,  and  if  in  large  quantity,  explodes  riolently  at  abootl 
It  w  insoluble  in  the  weaker  acids,  and  ia  easily  decomposed  by  atrong  add^l 
evolution  of  nitrogen.     It  ib  only  towards  platinie  chloride  and  nitnite  of  silrer  that  it 
exhibita  any    baaie  character.     The  piatinum-sali,    2(C*»H"N»  HCl).PtCl'.  Sifparatn 
on  mixing  ttir  alcoholic  solution  of  the  base  with  an  add  solution  of  pJatinic  chlori'k, 
in  kuihII   reildiah    needles  or  prisnui.  nearly  iimolable  in  alcohol,   ether,   and  w*t«T,  ( 
pflflily  decompoaibl^    dptonating   when  strongly  heated.     With  fu'tratr  of  sUittr  tht| 
diamine  forms  a  greeniah-yellow  precipitate,  agreeing  approxmately  with  the  &nBi! 

AEn<liphenyl-dianiine,  heaf«d  with  strong  hjfdmchloric  arid^  under  a  layer  of  f 
resolved  into  phenol,  hydrochlorate  of  aniline,  and  free  nitrogen : 

C"H"N"  +  H^  +  Ha    -     C^^O  +  C^'N.HOl   -»■   K». 
With  hrnmim'  in  pth**real  solution  it  forms  hydrobromate  of  naophenylamine,  wfaidi 
sfpamtes  out,  and  (hbromantline,  which  remaiua  in  the  njotber-liqaor  and  ail«mnli 
cryitalUflea  in  white  needles : 

C'«H"N»  +   Br*     =     C'H<N».HBr  +   C^*Br*N   +    2HBr- 
Itn^mopien'n  is  also  formed  as  a  secondary  product    When  the  diaminei  dsseolrod  is  ■ 
intxiun-  uf  alciihol  and  ether,  ia  treated  with  nitric  acid  containing  nitrovt  add,  aiuifis 
of  azophonyUmine  ia  formed,  and  sepan&tea  in  white  crystala : 

C"fl"N«  +  KHO*  +   2NflO>     -    2((>H*N*.NH0»)    +   2HK). 

(CH*Br)') 
A£0-bromodiphenyl-diamine,C"B^T*^*  =        N"      VN*,  or  Diarrwmifi 

H        S 

oromehrtirme,  C*H'BrN'.OH*Bi{NH*). — Produced  by  the  action  of  bpomanilioe 
on  nitrate  of 'azophenyltiuiiue  (or  aKobromoplienylamine)  or  of  nitrons  acid  oa  u 
alcoholic  solution  of  bromanilin%  and  purified  like  the  preceding.  It  exhibite  tb* 
anme  propertiea  whether  pmpared  from  a-  or  3-bromaniline.  It  forms  yelIowiah-r>d 
highly  ItLstrous  lamime  and  nef^lteA,  very  soluble  in  ether,  and  meltinj;  at  145°.  In 
oth<'r're«p6ct«  it  reaemblee  oaodi  phenyl  diamine.  The  piatinum-4ale,  C"H*BtrS'M'CP. 
PtC'i*,  forms  buff-ooloured  t-apillary  crystals,  which  denagrate  easily  and  are  nearly  in- 
AoUiblp  in  wntt'r  und  dlior.  At/raif  of  jtiirvr  added  to  the  alcoholic  aolation  ftinma 
yellow  precipitate  of  ihe  salt  CH'Br'N'.NAgO'.     (Grieas,  ioe.  cit.) 

(C«H'Br»)») 
Aso'dihroihodiphtnyi-diaminef    C"'II*Br*N'    »  N*"        J-N*.   or  i>iaaiH 

H  3 
ttmido-dibromo'bemme,  OH'Br*N'.C*H*Bi*(NH'),  ii  obtained  in  like  manner  by  t^ 
action  of  nilrous  acid  on  alcoh'die  dibromnniline,  as  a  bulky  yellow  pr«upit»te  oonsial- 
iiig  of  H  network  of  intorlat^e^I  luicnwc^pic  «redli*».  It  is  but  Ti»ry  shghlly  aoluble,  and 
iifUiilly  cr>stalliM'8  from  alei'>hol  or  ether  in  «znall  goIden-yeUow  needtea,  meltii^  it 
ir>7'-5-,  siimolimes  in  yelluw-bruwn  gnuioles,  or  yelluw  or  ruby-red  weU-derdnieil 
prisms,  which  latter  however  are  converted  by  recryatallisation  into  the  golden-yeUov 
ncedlea     (Grieii,  toe.  cit,) 

(OH 'ay 


i 

I 


eklorob$ns9ne,  CH"ClN«C?«H*ri(NH»).  obtained  like  the  corresponding  bramiB^^oM- 
[M>tind,  forms  yellow  needleii  or  lumiuic  melting  at  134'5''. 

(C«H'C1»)») 

vr     ' 


JgO'dicklorodipki^niffdiauiinr,  C"U'C1*N' 


H       3 
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dic1i!&rctM^:mf,  C»H«C1»N«  (?EH:n«(NH»).— Piwiuced  by  the  action  of  nitroua  acid  oa 
alcoholic  dichloranilio**,  crystallises  in  light  sulphuT'yctllow,  CHpiJJaiy  DP«dlea,  melt* 
ing  at  126-6^,  insoluble  io  water,  very  slightly  Boluble  in  l)ul  alcohol  or  ether.  Like 
lbecorrMpondingbron)ine>oorapoand,  it  doea  notformaplatiDum-saJt,  but  rather  behaTes 
like  an  acid, being  aoluble  wilhoQt  decotnpoaitioD  in  caustic  potash.    (Griess, /«.  cf^.) 

[C'H'fNOMM 

Aso-%Urodip\enyl'diamine,C^S^'^H^^  »  N"'  >N*  orDioAMnnufo- 

H  ) 

ftitrvbeitsme,  C^VNO')N«.C*H'(NO")(NH«).— Produced  by  the  action  of  nitronji  acid 
on  an  alcoholic  aolutjon  of  a- or  3-nitnLniliQe,*  and  exhibits  corresponding  isomeric 
morliHcations.  The  a-fompound  is  insoluble  in  water,  very  sparingly  soluble  in  alcohol 
and  ether,  and  cryKtiilli.tes  from  either  of  these  solvents  in  ruby-red  or  reddiah-yelloir 
prisra«,  mostly  well-defined.     It  melts  at  196*6*'. 

The  0-eompound  ia  precipiratj'd  as  a  yellow  nystalline  mass  eonststiBg  of  an 
aggregate  of  granalar  or  mut*4-like  microscopic  cryfttals.  It  is  insoluble  in  water,  Tery 
sparingly  soluble  in  alcohul  or  ether,  melts  at  224*5^  to  a  reddifh-brown  oil,  and 
detonates  at  a  higher  temp'*r!iture.  It  is  almost  wholly  indifferent,  not  forming  % 
cnmpoond  even  with  chloride  of  pUtinum.  With  an  alcoholic  solution  of  nivrr^nitruU^ 
however,  it  fonns  a  yello wis h- green  amorphous  precipitate.     (Grioss,  he.  cii.) 

Aao-pbenjl-napbtiiTl-aiaznlxie.     CH'^^     »       H      ^'    C^^fi^SB*  P^il- 

Trans.  1SG4,  [3],  679.) — This  compound  contains  the  elements  of  azophenylamina 
and  nnphthylamine,  and  is  regarded  by  Gness  as  diasofH^tme-Qmvlonaphthalj~ne, 
C^H'N».C'*H'(NH*).  It  is  obtained  as  a  nitrate  in  the  form  of  a  violet  crystalline 
prr-cipitute  by  adding  an  aqnooni  solution  of  nitrate  of  azophenylamine  to  an  aicoholio 
solution  of  naphthylamine : 

C-H*N».NHO«     +     C'E'y      -      C"H'«NMfHO«. 

The  uitnite  pariSfMl  by  repeated  wiishiogs  with  cold  alcohol  and  recrystallisation  from 
hot  alcohol^  forms  well-defined  prisms  of  a  maf;niflccnLgraw-green  rolour  by  trannmittcd, 
but  raby-rfd  by  reflL*ct<Hl  liglit.  It  is  almost  iniuilable  in  water  and  ether,  but  disaokes 
freely  in  hot  alcohol  and  sepuiMtts  almost  wholly  on  cooling. 

The  nitniTe  decern  pooed  by  ammonia  orpot^tsh  fields  the  free  base,  which  crystallises 
in  very  brilliant  rub^-red  prisms,  easily  soluble  in  alcohol  and  ether,  forming  yellow 
BolutioBS  tu  which  acida  impart,  a  biuutiful  violet  colour.  With  jJatinicrhtondu  it  forms 
H  purple-blue  crytitallioe  procipiute,  and  witi  nitrate  vf  nivcr,  a  yellow  {precipitate 
composed  of  small  fine  needles. 

6,    Cyanophffiyl'dinminci. 

There  are  two  derivatives  of  aniline  which  may  be  classed  under  this  bead,  namely 
cyano-di  phenyl-diamine,  or  melaniUne.  prudnced  by  the  action  of  chloride  of 
cyanr>geu  on  aniline,  and  cy  ano-tripheoy  1-dinminp,  by  the  action  of  tetrachloride 
of  carbon  on  aniline.  The  latter,  however,  in  more  probably  a  triamine,  and  will  be 
described  under  that  head  (p.  466). 

CyaDO-fUpbenyl-dlaniliie  or  lCelaiiUln«f   C"H"N*  -   Cm*CyN.CH^  - 

CN     >N',     might     also    be   represented    as    carbo-diphenyl -diamine,     C'»   >N*- 
H*     ]  H«  ) 

(Hofmann,  Ann.  Ch.  Pharm.  Ixrii.  120;  Ixziv.  8  and  17.) — This  compound,  which 
eontaiuN  the  elements  of  1  at.  aniline  and  1  at.  cynnophenyUmine  (cyanilide),  it 
produced  by  the  action  of  chloride  or  bromide  of  cyanogen  on  anhydrous  aniline.  Aa 
cyiiuopheuyhtniine  is  produced  by  the  action  of  chloride  of  cyanogen  on  aniline  dis* 
■olved  in  anhydrous  ether  (p.  442),  it  is  probable  thut,  in  the  reaction  now  under 
consideration,  cyanophenylamine  is  also  produced  in  t  he  flrat  instance  and  immediately 
unites  with  a  molecule  of  free  aniline  fbrming  melaniline. 

Preparation. — When  gaseous  i'hloride  of  cyanogen  (obtained  by  the  action  of  chlorine 
on  moist  cyanide  of  mercury)  in  pasHod  into  aniliue.lhe  gas  is  absorbed,  with  great  rise 
ofteropcmture^  while  the  liquid  turqairos  a  durkercolQiir  and  thickens  toucryKtuliinemass. 
This  maiia  it*  to  be  heated  lilt  the  or}>t;UM  melt,  so  that  it  may  be  completely  satnrated 
with  chlori<le  of  cj'anogen  ;  the  clear  brownish,  ncn-crystalline,  resinous  masa,  which  is 
produced  on  cooling  and  consists  of  hydrwhlorute  of  meluniline{  together  with  a  brown  oil 
insolnblt'  in  hydrochloric  acid,  which  form^  in  greater  quant  ityaa  the  chloride  of  cyanogea 
is  mure  humid,  and  not  at  all  if  the  gas  has  been  previously  passed  over  chloride  of  cal> 

•  See  foot-note,  p.  4Ub 
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ciain),ui  dinolred  in  water,  thp  solution  b*»ing  Q«?*lpTHt««d  by  additiot  of  hydwwJiliiimi 
and  boiling;  the  liquid  AU^rtMl  from  tiit^  nil  i«  prvcipititted  by  puDuih  ;  and  tba  vtiti 
vij-cid  preiripilatc,  whicli  immedinfoly  solidifiea  in  the  ciystalline  form  (only  afW  liM 
Hm^,  however,  if  it  contains  iindecompoMd  unilinp),  is  wtiahed  with  cold  wate-,   ' 
I  whnli?  of  the  chloride  of  putaisftiam  in  remoTed,  luid  parified  by  two  crystalliaatM 
K  mixture  of  equal  parts  of  Alcohol  and  water,  wliich  yiMds  tho  finest  crymtaia. 

Propcrtirs. — MoJoniline  funnni  while,  hurd,  easily  triable  lunins  and  bnmd  sucdU^ 
which  float  on  wat^?^  but  sink  in  the  fused  state,  and  bfllween  120^  and  130^,lSfbhli 
a  slightly  coloured  oil,  which  solidifies  in  a  ery»talltne  mass  on  cooling.  It  is  Ukod«ai\ 
but  haa  n  bitter  persistent  taste  ;  slightly  h\uK-a  reddened  litxnua,  bat  does  not  t^m^ 
the  colour  of  lurrneric ;  it  acquires  a  reddifth  tint  when  exposed  to  the  air.  Il  diarfna 
K[»Lrtngl3r  in  cold,  more  easily  in  l>oiling  vrat/r,  and  separates  in  small  sc&lea  OB  esslii^ 
It.  id  easily  soluble  in  alcokolf  elMcr^  wood-»ptrtt,  acctcnc,  ndpkide  of  earhon, 
both  fixed  and  volatile. 

DeccmpoaitUma. — I.  MeUniline  begins  to  dccompoM  between  150^  and  170°, 
off  aniline  and  ammonia. — 2.  CkUrme-wnttT  added  in  x&ry  large  exceaa  ta 
chlorate  of  raelaniliue,  completely  precipitates  the  base  in  the  form  of  »  resiooos 
probably  consisting  of  trichloromulaniline.  If  the  chlorine* water  be  gradually  addd^ 
(ill  the  turbidity  thereby  produced  no  longer  disappeara  on  ag:itjatioii.  the  liqaid 
filtered  from  the  resinous  precipitate  contains  hydrochlomte  of  d i chloromelaniKat 
— 3.  When  bromine  is  added  to  aqueous  hydrochlonito  of  melanilino  in  the  nautf 
just  deBcribed  with  reference  to  chlorine- water,  tho  filtrate  de]x>sits,  on  eiajjici- 
tiou,  needles  of  bydrocblorate  of  dibromomelaniline;  and  the  muther-Iiquor  miinii 
with  a  larger  quantity  of  bromine  and  evaporated,  yields  transparent,  j^low,  tiij 
drops  which  crystallise  on  cooling,  and  probably  consist  of  tribromomelanfliiia ; 
l^romiue  acting  in  excess  on  hydrochlorate  of  melanilino  forms  a  resinona  anfasbUM 
Btiil  richer  in  bromine. — 1.  Alcoholic  iodine  added  in  exceaa  to  hydzodilonlB  af 
roelaniline,  throws  down  nearly  the  whole  as  a  black  viscid  maas,  which  wikea  Ihi 
quantity  of  iodine  is  less,  il  precipitated  in  smaller  amount,  while  nndecomposvd 
moluttiline  remains  in  solution. — 5.  Faming  nitric  acid  suddenly  fnlxed  with  a&eqa^ 
quantity  of  melonilinOf  produces  great  heat,  rising  even  to  explo»(ion,  attended  vilk 
slif^C  fuming;  and,  when  gradually  added,  produces,  according  to  the  duration  of  lfa«  J 
action,  oronge-yellov  crystals  of  mi  alkaloTa  with  riolet  iridescence^  and  lemoD-yelW  B 
prisma  of  an  acid  which  forms  scarlet  salts  with  alkalis.  Moderately  strong  Ditricsdl 
added  in  great  cxcew  or  heated,  blcewise  exerts  a  decomposing  action. — 6.  Cifanityn 
^os  na««e<l  through  an  alcoholic  solution  of  melanilinf*.  is  abundantly  absorbed;  and 
the  liquid,  if  then  inclosed  in  a  bottle,  deposits  dicyanomelanilino,  tbe  odoor of  fyiD^- 
gen  changing  at  the  saine  time  into  thut  of  h^'drocysnic  acid,  while  the  brown  motlio 
liquor  contains  other  products  of  decomposition. 

Salts  of  Metaniline. — Meloniline  is  but  a  weak  base,  and  does  not  precipititt 
ferric  ealts.  It  dissolves  in  acids  very  readily  and  with  slight  evolution  of  beal»  aad 
neutralises  them  cotnpbtely.  The  salts  are  colourless  or  slightly  coloured,  mosth 
erystallifuible,  and  twnto  vpry  bitter;  with  flrwood,  chloride  of  lime  and  chxnmie  sol 
they  do  not  r-zlnbit  llie colouring  produced  by  aniltne-solutions.  They  are  preci'picsird 
by  ammonia  and  more  completely  by  potash  or  soda  (also  by  the  carbonates,  with 
erolutton  of  carbonic  acid,  yielding  a  white,  quickly  ciystallising  preetpitale),  bat  nol 
by  aniline;  neither  does  moUniline  precipitate  the  aniline-aalts. 

HydriodaU  cj/  Mtlaniline.  C"H"'N'.HI. — Concentrated  hydrioiHc  acid  iMUinta 
meloniline  into  an  oil,  which  sinks  to  the  bottom  and  gradoally  solidifies  in  a  cryrtsl- 
line  maas.  It  decomposes  qniekly  on  exposure  to  the  air,  with  Ubemtion  of  iodma 
From  a  solution  in  bulling  water,  it  separates  on  cooling  in  oily  dropa  which  aft orwaida 
solidify.     It  dissolves  also  in  alcohol 

Hydrobromate  of  Mfhniline.  C"n"N',HBr.— Ciyitallisea  from  water  in  stellala 
groups  of  needles  very  soluble  in  water,  less  soluble  xa  strong  bydrobromic  acid. 

BydrochloraU, — The  aqueous  solution  doeii  not  yield  crj'staU  "bj  siponUiHOW 
evaporation ;  when  dried  over  oil  of  vitriol  or  in  tho  water-bath,  it  dhc«  up  to  a  clau; 
slightly  coloured  gum,  which  ervBtallises  very  slowly.  It  is  the  most  soluble  in  wai«f 
of  all  the  salts  of  melaniline.  A  moderately  concentrated  solution  of  this  salt  mixFd 
with  trichloride  of  gold  becomes  turbid  after  a  while,  and  deposits  fine  golden-yellow 
needles  of  the  chloroaumte,  C"H"N'.HCl.AuCI^  With  a  roncentratwl  solution  of  tbe 
hydroehlomte  an  immediate  rrecipitate  is  formed.  The  chloroanrate  ia  but  JightlT 
soluble  in  water.  Platinic  chlorine  forms  with  hydrochlorate  of  maUniline  a  Iv^bt 
yellow  slightly  crvstalline  precipitate  of  thecA/orffp^iinfl^;  2(C"H"N*.HCUPtCl*.and 
the  filtered  liquid  deposits,  uSter  somo  time,  orange-coloured  crystals  haring  the  same 
composition.  Tho  platinnm-»»ilt  dijiHolres  in  a  small  quantity  of  boiling  wster;  il  » 
lesa  soluble  in  alcohol,  iu'-oloble  iu  ether.     Mrrcune  vhlonde  forms  in   solutions  of 
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L  asiline  n  wliito  predpitate  e&Bilj  solublo  in  hydrochloric  acid,  and  formc^  a  solution 
%  which  depoeiu  nredlfs  bj  epontaneoiui  emponition. 

HydrofiuaU^ — The  solution  of  melaniline  in  weak  hydroflaoric  add  yields  well 
dereloped  cryfitaU,  having  a  faint  reddish  colour,  somewhat  soluble  in  water,  1cm 
soluble  in  alcohol. 

yUrnU  nf  Mtlanilinf.  C"H"N'.NHO".— Cryatallisrs  on  cooling  from  the  hot 
•queoofi  polalion  so  completely,  thnt  the  mother-liquor  is  but  fliightly  clouded  by  potash, 
and  nut  by  ammonia.  The  needles  assume  a  faint  reddish  tint  by  exposure  to  the 
ftir,  but  tire  otherwise  permanent.  They  dissolve  also  in  hot  alcohol,  but  are  Doariy 
insoluble  in  ether. 

Argent4)-vHratf  of  Mrlaniliru,  2C"H"N'.NAgO',  is  precipitated  immediately  on 
mixing  the  alcohulic  solution  of  melaoiline  with  aqueoo*  nitmto  of  silver,  as  a  white 
mass,  which  quickly  agglutinates  to  a  n^in,  and  muflt  hf  purilied  trom  fn^e  melaniline 
hy  tnturation  with  alcobul ;  from  a  clrar  alcoholic  mixture  of  mdnniline  and  uitrute  of 
sUrer,  the  salt  sepuratea  ait^-r  a  few  hours  in  hard  eryntalline  gcodcfl. 

Oxalate  of  Mdaniiine,  C"U"N'.CTI'0'.— Mi'lauilim-  funiis  crystals  with  excess  of 
oxalic  acid.  These  crystsis  melt  when  heated,  give  off,  with  violent  ebullition,  equal 
Tolomes  of  carbonic  oxide  and  carbonic  anhydride,  Kmelliug  strongly  of  anilocyanio 
acid,  yie^d  a  distillate  of  aniline  and  a  beantifnl  cryBtalline  aablimiite  of  diphenyl- 
carbamide.  and  leave  a  clear  viscid  mass,  wliich  on  cooling  sohdifies  to  a  resin. 
The  salt  dissolrea  sparingly  in  cold  water  or  ulcohol.  readily  in  boiling  water  or  alcohol, 
but  ie  neariy  insoluble  in  ether. 

The  pJkonhatc  is  very  B«ilul>le  in  water  end  tiystalltses  but  slowly. 

Theiuiphate,  2C'"H'"N'.SH=0\  form?  stellate  groups  of  rhombic  plates,  sparingly 
soluble  in  cold,  freely  in  hot  water ;  soluble  also  in  alcohol  and  ether.  MelaniUue 
added  to  suiphate  of  copper  throws  down  a  Bocculcnt  double  salt. 

DrBBOMOMKLAViLKfa.  C*"H"Br'N'.  (Hofmann,  Ann,  Ch.  Pharm.  IxviL  T49; 
Chem.  Soc.  Qn.  J.  i.  29!).) — An  aqueous  solution  of  hydrochlomte  of  melaniline 
mixed  with  bromine  in  smalt  portions,  till  the  turbidity  begins  to  bs  pi*rmaoeDt. 
yields,  when  Slterod,  evapornttKl.  and  cooled,  stellate  groups  of  hydrobromate  of  dibro- 
mnmolaailine,  which,  when  disaolved  in  water,  form  with  ammonia  a  white  crjBtalline 
precipitate^  eryMalli^ing  from  hot  alcohol  in  whiti^  scales.  The  base  tastes  very 
bitter  in  its  solutions.  Whfn  hentad  alx)ve  its  melting  point,  it  gives  off  pun-  brom- 
snilinc  in  the  form  of  a  colourless  distillate,  which  solidities  in  a  yrllowish  cTyfitnlline 
mii^s.  leaving  a  resinous  mass  similar  to  the  residue  obtained  in  the  distillation  of 
melaniline.     Itiit  nearly  insoluble  in  water,  but  dissolves  in  alcohol  and  ether. 

Its  hydrocklorate^  C"H''Br'N'.HCl,  crystallises  in  white  silky  needles  grouped  in 
Stan.  These  crystals^  when  immersed  in  a  snioll  quantity  of  boiling  water,  melt  into 
an  oil  which  solidiHer;  in  the  crystalline  form  on  cooling ;  they  dissolve  sparingly  in  water. 

The  hot  gflturati^d  solution  of  the  hydroehlnratf  forms  with  pJntinic  chlorieU  an 
orange-yellow  prt-cipitate,  wbidi  on  cooling  erihtalliy^!'  in  golden-yellow  scales,  nearij 
iusolubluin  water,  sparingly  soluble  in  ether,  somewhat  more  in  alcohol,  and  containing 
2(C'»H"Br»N'.HClXPta*.    (Hofmann.) 

PiCHLOBOKBiANiLiNR.  C'^H^'Cl'N".  (Hofmann,  /or  ciV.)— Wh^n  chlorine- 
water  is  gradually  added  to  hydrochlorate  of  melaniline,  till  the  turbidity  no  longer 
disappears  on  agitation,  the  filtrate  when  eviiporaled  and  cooled,  yields  hydrochlurate 
of  didiloromcIaniUne  in  white  stellate  needles,  or  by  further  evaporation,  as  u  yellowish 
oil  which  solidiflefl  id  the  dystalline  form.  From  the  K)lution  of  this  salt  in  water,  in 
which  it  is  but  sparingly  soluble  (whereas  it  dissolves  more  readily  in  alcohol  and 
still  mnrt*  in  ether )«  ainmonia  prucipitatos  the  base  in  snow-white  flakes,  which  separate 
from  the  alcoholic  solution  in  hard  crjsttUline  taminie. 

Pfatinum-mlt,  2(C^'H'^C™' HCl).PtCl*.— The  hydroohlorate  mixed  with  tetra- 
chloride of  platinum,  yields  an  orunge-yellow  crystalline  powder  which  mast  be  washed 
with  ether. 

The  rwinoua  mass  precipitated  by  mixing  hydrochlorate  of  melaniline  with  a  veir 
large  excess  of  cblorme  water,  which  hardens  after  a  while  into  an  amor^ihons  solid, 
exhibits  a  neutral  reaction,  and  is  insoluble  in  wati*r  but  soluble  in  alcohol,  is  probably 
trichloromelaniline,  C«N'C1'H'*.     (Uofmann.) 

DnrTODOMBLA>njK».  C"H"I-N".  (Hofmann,  Ann.  Ch.  Pharm.lxvii.  162;  Chem. 
Soc.  Qu.  J.  i.  303.) — VThen  chloride  of  cyanogen  is  passed  through  an  ethereal  eolation 
of  jodaniline,  a  cryslalline  precipitate  of  hydrochlorate  of  iodaniline  is  first  formed,  but 
if  the  passage  of  the  gati  be  continued,  the  crystals  disappear  and  the  entire  mass  changes 
into  a  tnin>piirent  rctin  iif  hydrochlorate  of  diniodomelanilim*,  whirh  slowly  becomes 
cryHlulIine.  Frum  this  compound,  potash  throws  down  the  base  in  the  form  of  a  white 
body,  which  crystallises  indistinctly  from  wlcf.hol. 

The  hydrfK^cratt  disM-lves  sparingly  in  water  and  separates  from  the  boiling  soln- 
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tion  on  cooling:  in  oily  drops,  which  vrry  tlowlj  change  into  whits  OTiliIliBr ttvi 
The  vk/or&/JiitiuaU  U  not  very  cryjtoUine. 

DiwiTBOMFXANiLixE.  C>'H"N*0«  =  C"H»'(NO«>»IP.  (Hofmann,  Ana.  d 
Pluirm.  Ixvii.  156;  Chcm.  Soc.  Qu.  J.  i.  306.)— Thi»  bMe,  like  other  nitroKlfniattiTri 
of  iiniUiio,  is  suaceptible  of  I  wo  iaonifTie  modificationa :  a.  produced  by  the  aetmcf 
Chinride  of  cyanogen  ou  o-niLraniline;  3,  by  the  action  of  fumiag  aitzic  aeidoaacl 
Aniline.  The  tvo  modificutioaa  closely  rrflemble  one  another  in  physical  and  diaaiii 
|>roporti«s;  butwhrn  distillod  with  potash,  the  former  yidda  o-^  the  latter B-nitnoiliu. 

rreparation  of  a'tiUramf/anUinr. — QaMouii  cliloride  of  cyauogea  upaa*ddaai|Ji 
a  solution  of  a-nitraniline  till  the  ether  is  nearly  eraporated  ;  the  remaining OTBilIai 
mixture  of  undeoompoaod  nitmutliiie,  hydroohlonite  of  dinitrom  el  aniline  and  uAtHtftm 
yolIuwiHli  ueedlea,  ia  heated,  nith  gnidunl  a^lUition  of  water,  till  the  nuaa,  which  «i 
first  niclta  into  a  brown  oil,  is  almoal  entirely  diiuolTed ;  the  liquid  is  cooled  till  \U 
ycWoMfifth  Q*^\r*  Hep&Tfite  ;  the  coloarless  filtrate  containing  hydrochlorato  of  diiutr&> 
niclitnilino  is  mixed  with  uninionia,  which  throws  down  the  dioitrotaelajuhne.  «i 
quickiy  crystalUsing  sulphur-yelluw  mntis ;  and  this  precipitat-e  is  freed  &om  fiitriL- 
iline,  with  which  it  ia  genenLuy  mixed,  by  boiling  with  wat«r. 

Properties. — Nitromel aniline  procipituted  by  smmonia  or  potash  forms  a  aealy  ^ry^ 
tallin*  mftsfl,  of  a  moch  paler  yellow  colour  than  nitraDiline  ;  when  precipitst«l  tnm 
alcohol  by  water,  it  forms  a  gulden-yellow  crystalline  mass,  and  ahort  flat  microscopie 
nitpdles ;  ^m  ether  by  ttpontaneons  evaporation  it  crystallisea  in  larger  needle*.  It  a 
inwlublo  in  water  even  at  the  boiling  heat,  sparingly  solablo  in  aieohot,  still  leai  'n 
\  eth*r.  When  heated,  it  girea  oflT  a  yellow  ni]K>ur  which  condenaea  in  brown  oilj 
drops  chiefly  consisting  of  nitraniline,  and  gradually  crystalliaing,  aud  leam  a  bvovn 
resinooB  mass. 

HifdrvcM^ate  of  Dirtitronif/iiniiifU!,  C"H"(N0^)'N».HC1,  cryirtAlliaea  in  flat  shiaii^ 
zieedleB,  sparingly  soluble  in  water.  Tha  ckicroptatinaU^  2[C'"H"(NU>)'K".HCl]Pia*, 
is  a  yellow  crystalline  precipitate  which  is  sparingly  soluble  in  water  and  aWho^ 
insoluble  in  other,  and  bums  with  a  slight  deflagmtion  when  heated.  The  imIM» 
ia  sparingly  soluble.  The  oxalate  forms  easily  soluUe  crystuUine  grains.  The 
furmit  whitr*  crusts  which  dissolve  easily  in  water. 

StcranomeUnlUne.  C"H"N»  «  C'»H'"N».Cy».  (Hofmann,  Ann.  Ch.  Phtns 
Ixxrii.  100;  Ixxiv.  1).^A  saturated  solution  of  melaniline  in  cold  alooho]  ahaorbs  i 
Wrge  quantity  of  cyanogpn,  and  if  the  liquid  be  then  left  to  itsalf  in  a  cloeed  Teasel  far 
some  hours,  solidififv  to  a  crystalline  pulp  which  may  be  porified  by  vaahii^witii 
alcohol  and  reciVbtalliiuitiun  from  boiling  aleohoL 

The  product  is  dicyunomeluniline;  it  forms  yellowish  needlea  not  volatile  witWt 
decomposition  ;  when  heated  it  gives  off  nnilinc  and  cyanide  of  ammoniom,  and  Icaw 
a  reainons  residue  which  chars  at  higher  temperature. 

Dit^anomclaniline  dissolves  in  cold  dilute  acids,  and  if  potash  or  ammonia  he  tia- 
raediately  added  to  the  solution,  the  dicyanomelaniline  separates  out  unaJtetvd ;  bol  ti 
deoompoaes  by  pro1ougi<d  eoutacT  with  acids,  so  that  it  does  not  easily  yield  salla.  Its 
solation  in  hydroehlnric  actd  becomes  turbid  in  a  fr>w  minutes,  and  depoaita  a  rdlowU 
confusedly  crystalline  mass  of  meUnoximide  (p  286)  the  mother-liquor  r«CainiHr~^ 


ammoniac  in  solution : 


DlrynnitmrU 
■nitlnc. 


M.     C"H"NK)»  +   2NH». 

MdAnuKlmtae. 


C.  Vbenjltiiaxnlnea. 

TbeM  are  bases  derivable  from  a  triple  molecnlc  of  ammonia,  H*N*,  by  the  subatita- 
tioo  of  one  or  more  atoms  of  phenvl  for  an  equal  nnmlwr  of  hydr^>gen-«toms,  and  of  a 
polyatomic  rftdidc  for  a  number  of  hydrogen -atoms  oorrespondiQg  to  xt«  atomicity.  At 
present,  however,  there  is  but  a  small  number  of  compoondsknown  which  em  bs 
niferred  lo  this  class. 

O    ) 
1.  Carbotriphenyl'iriamine.Om''^*  -  (OH»)»>K».    (Hofmann.  P>oc,  Boy.  dec 

H»    } 
ix.  244.)— This  base  is  produced  by  the  action  of  tetrachloride  of  carbon  on  aniline: 

O-    ) 
8(C*H'.H».N)    +   CCl*     -     (C-H^^-N*   +   4HCL 


CN     ) 

It  might  also  be  formulated  as  fyam>-fn)>A«iy/-(iwTOiTOr  (OHM*  >N»*   but  il 


I 


ita  madt  of 


fbrmstion  showi  it  rather  to  be  a  triamiue. 


I 


ANILINE-DYES, 

Prfparation. — Anillnp  and  tetrachloride  of  carbon  do  aot  act  apOD  one  anoUier  at 
onUimry  temperuturt*ji,  dti'l  but  vcr^  slowly  at  100^;  but  when  a  mixture  of  3J  pt«. 
aniliae  &nd  1  pt  of  thu  t^'trachloridf*,  both  in  the  aohydrotu  state,  is  h(»atod  to  170^ 
in  waled  tab««  for  about  thirty  hours,  the  liquid  U  converted  into  a  block  moH  which 
•dherw  firmly  to  the  ndes  of  the  tubeit  and  10  a  mixture  of  seTeml  bodies.  Water 
dtnolm  a  portion  of  it,  leaving  a  mora  or  Imui  nolid  rettin,  and  thu  oqueons  aolntion 
yields,  on  addition  of  potOisli,  an  oily  procipitAte  containing  a  considerable  [/ortion  of 
unchanged  aniline.  On  toiling  this  prHcipiiat«  with  dilute  potash  in  a  rf^tort.  the 
Aniline  difltilfi  ov^r,  while  a  viitcid  moas  remains  behind  which  gradually  soUdities  with 
A  crystalline  atructure.  Washing  with  cold  alcohol  and  two  or  three  crystallijsiiliotis 
fivm  boiling  alcohol  render  thi«  body  p»*rfrctly  white  and  pure,  while  a  verj-  aolable 
Bubstanro  of  a  uplendid  crimson  colour  remains  ia  solution.  The  portion  of  the  bbiok 
mass  which  is  insoluble  in  water  diisi^Wes  almost  entir''ly  in  dilute  hydrochloric  acid, 
firom  which  solution  it  is  precipitated  by  alkalis,  as  an  amorphoua  pink  or  dingy- 
colotirod  precipitate  soluble  with  rich  crimson  colour  in  alcohoL  The  greater  purl  of 
this  body  consists  of  the  same  colouring  principle  that  accompoaies  the  white  crystki- 
line  substance.  Considentble  quantities  of  thisi  crystallino  body  are  also  oecuMiunally 
prvarnt  in  the  product  insoluble  iu  water. 

The  crystalline  aubstanco  is  carbotriphenyl  triamine.  It  is  insoluble  in 
water,  difficultly  soluble  in  alcohol,  soluble  in  ethtr.  From  the  hot  alcoholic  ftolution 
it  crystallises  slowly  on  ctwhng  in  elongated  foar-eidcd  plates  often  grouped  round  a 
common  centre.  It  dissolves  freely  in  aeitU,  from  which  it  is  thrown  dowu  by  alkalis 
as  a  doxzlinff  white  prpcipitute  The  hydrochloraU.^  C"H"NMICl.  and  the  ehlorv- 
phanaU,  2(C*'H"N".HCl).PlCl*,  are  extremely  soluble  in  excess  of  hydrochloric  acid. 

CT" 

2.  Melaniline,  C"H"N",  may  be  regarded  as carbo-dipheDyl-triamine  {CH 

H     . 
but  the  mode  of  formation  renders  it  more  probable  that  thia  body  really  eonaista  of 

CN     1 
cyano-diphenyl-diamine,  C*H*)'>N*  (see  p.  461), 

3.  Rosaniline,  CH'^N',  and  some  of  the  colouring  matters  derived  from  it  are 
probably  also  triaminee  ;  but  their  rational  formula  still  remain  to  be  determined 

Appendix  to  Phenyfamine*. 
Anlllne-djes. 

The  colorific  tendencies  of  aniline  have  lone  been  known.  The  violet-bine  reaction 
with  chloride  of  lirae^  which  is  the  ordinary  hiboratory  test  for  aniline,  was  discovered 
by  Kunge  in  ISSA.  Some  years  afterwards,  FritZHcbe  showed  that  aniline  treated 
with  aqueous  chromic  acid  yields  a  blackish-blue  pre<.*ipitata.  Beissenhirtz  in  1853 
noticed  the  blue  colour  resulting  from  admixture  of  aniline  with  strong  sulphuric  acid 
and  acid  chromate  of  potasHinm  ;  and  the  suhsfAnre  producing  thi»  bliifc  oilnrutinn  was 
isolated  in  1S£6  by  Mr.  W.  H.  Perkin,  who  showed  that  it  is  a  colouring  mutter 
capable  of  being  fixed  upon  fabrics,  and  thiu  laid  the  foundation  of  the  vast  industry 
of  aniline  colours.  Soon  afterwards  reds  of  varions  shades  were  obtained  on  the  manu- 
facturing scale  by  heating  aniline  with  tetrachloride  of  tin,  arsenic  aeid  and  various 
metallic  salts,  and  a  great  number  of  other  dyes,  vellow,  grren,  blue,  violet,  &c.,  have 
been  obtained  either  by  treating  onQiue-red  witK  various  reagents,  or  as  secondary 
products  in  its  preparation.     A  few  have  also  been  obtained  by  other  procesaes. 

AnUlne*black.  Blacks  of  great  intensity  are  produced  on  calico  by  printing  with  a 
mixture  of  aniline,  chlorate  of  potiiKtium  and  a  metallic  salts  In  1863  Mr.  Light  foot  of 
Aecrin(?tr-n  patented  in  France  a  method  of  producing  aniline-black  by  printing  with 
a  mixtttrc  of  25  gmis.  chlorate  of  potnaHium,  6l>  prrns.  aniline,  60  grms.  hydrochloric 
acid,  fiO  grros.  ctipric  chloride,  26  grms.  !»nl-ftimmoninc,  12  grms.  acetic  arid,  and  1 
litre  of  starch-paste,  lhf»  exposing  the  cloth  to  th<>  air  for  two  days,  and  fixing  the 
oolotir  with  an  «lkali.  Tho  bla«*k  thus  produced  ia  very  good  aud  durable,  but  the 
process  has  not  been  much  used,  bfH*auHe  the  large  quantity  of  copper  in  the  mixture 
ie  found  to  corrode  the  steel  scrapers  or  "  doctors  "  of  the  printing  machine,  and  more- 
over tho  large  quantity  of  acid  in  the  aniline-salt  and  in  the  copper-salt,  causes  a  rapid 
destmctjon  of  the  vegetable  fibre. 

SeveroJ  methods  of  obviating  these  defects  have  been  proposed ;  the  best  sppears  to 
be  that  of  LHiith,  which  conuHrA  in  replacini;  the  soloble  copper-nalt  by  an  inKolable 
compound,  the  (lulphide  for  example.  This  compound,  when  printed  together  with  the 
chlorate  of  polassium  and  hydrochloraie  uf  aniline,  is  gradually  oxidibKl  by  the  action  of 
the  bypochlorous  acid  or  of  chlorirtf^  (sH  frm  hy  the  mutual  action  of  the  salts  juat 
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ncntionivi)  luid  coDTortt*J  iiito  !«ulp1mtc,  «o  ihnt  n  mixture  ifl  formic!  cimikr  bo  ti4i 
used  in  Lightfoot's  process.  As  howr\*f- r  thmy  is  no  excuB  of  soluble  rof^nr  lalLQrrf 
Acid  prcpeiit,  do  corratiou  of  the  Bcrapt^ra  or  rollen,  or  deetrucUon  of  the  vaiitobif 
flbpc  need  bo  f>*arod. 

Aniline-Unck  thiu  prcniuccd  h»  a  yetj  deep  coloar  and  rich  relr«tj  uport.  ti  a 
imid  to  be  very  fhst,  quit:^'  insoluble  in  WHti*r,  boiling  ftofip-ley.  nlkiilis  and  atidi.  Th 
latttTtuni  it  f^rt'cn,  bul  ulkulis  restor«  tho  original  tint.  Aeid  ebromatoof  pft— i 
deep«ii9  the  colour;  but  »  strong  solution  makuA  it  slightly  maty.  It  ia  deatnjvd  kf 
a  KUoog  solattoQ  of  chloride  of  lime,  but  reappesn  aft«r  »oio6  ttmo  with  iti  ongnrf 
dttpth.  Tbc  colour  in  cupuble  of  wilhstandinc;  all  the  pmcMisea  employed  lor  tha  p^ 
duction  of  roee  and  red  madder  coloun.    (BoLL  Soc.  Cbim.  [2]  iL  416.) 

AnltUie-blna*  Blue  rolonriniE;  mattpn  aro  prodnrcd  from  anHine  voder  tW 
inflaoDce  of  vanous  reagfnta,  u  by  chlorate  of  potAsctiuin  and  hydrochlonr  att^t 
ehloroofl  add,  perotidc  of  hydrogen  (La nth),  ferric  ehloridf,  ferricyamd»<  of  ]«*». 
dinm  (E.  Kopp,  Examm  dtt  Afatihft  cohrante*  art\Jiru(Ue^  p.  68),  hrdporhloTic  lod 
and  peroxjde  of  manganeeo,  ferric  nitrate  and  hydroddoric  acid  (Scheur^r-K»»io<r. 
ibid,  p.  OC).  Producta  of  this  kind  hare  been  more  eepccially  studiod  by  Calrert, 
Lowe,  and  Clift,  who  have  described  tbem  under  the  came  of  azurine. 

A  much  finer  and  more  permanent  blue,  now  designated  e«rp^(?ial]y  asaniline-blTie, 
in  obtAined  by  heating  a  salt  of  roeanilinc  I'aniline-red)  with  exi^osa  of  a-iiUne.  Thii 
oolourinp  matter haa  the oompomtion  of  triphpnyl-rosanilinc,  CH'^C^*)'!?*,  slidvfl 
be  described  an  a  derivative  of  roeaniline  (p.  472). 

AnUlne-brown.  A  brown  aniline  dye,  patented  by  G.  De  Lai  re  fLoodct 
Journal  of  Arts.  Bee.  1863).  is  obtained  by  beating  1  pt.  of  fusnl  aniliDe-bliu  «iik 
4  pta.  of  anhydrous  hydrochlomte  of  aniline  to  340^  for  teveral  honra.  It  ia  iotatiW 
in  water,  alcohol  and  acidfl,  and  is  precipitated  from  the  acjueous  aolution  by  lalta 

The  same  dye  is  obtained  by  treatioi;  arsenate  of  aniline  with  the  hydrochkob 
{Ix)ndon  Journal  of  Arta.  Dec.  1H63;  Bull.  Soo,  Chim.  [2]  il  240). 

ABlUne-sreen  or  Smer&ldlne.    Almost  all  the  blue  anbstanees  pTodoced  fan 

aniline  by  the  action  of  hypochloroos  acid,  and  the  other  reai^ciita  ahoiv  neotxw^^ 
become  green  when  tjcutoU  with  aoida,  and  blue  again  under  the  influence  of  aDofia 
A  very  fine  bright  green  u  produced  on  cotton  by  priutinf;  with  acid  hydrocUoato  if 
aniline  on  fabrics  prepared  with  chlorate  of  potassium.  This  is  called  emeraldibc 
By  lubfieqtiontly  passing  the  clotb  through  a  solution  of  acid  rhromate  of  potasotna^  tb* 
colour  iK  changed  to  the  deep  indigo-blue  callfd  aaurine.    (Calvert.) 

AnlllBe-pnrple  or  Mauwe. also caUed  Anilrirn',  InSitin*^  Ph^ namfine^  FWf «/« B^m- 
Uw,  Zyro/tW.  This  is  thedye  discovered  by  Perk  in  and  pntcnted  by  him  ialSMlTtoh 
1984,  Aug.  26).  To  prepare  it,  a  cold  dilut*"  solution  of  the  aulphate  (or  say  otlnr 
Bait)  ot  commercial  aniline  is  mixed  with  a  solntion.  also  cold  and  dilat«.  of  usdtia^ 
mate  of  [xitossiuni  (bichr<:>maCe  of  potash),  the  mixture  being  v<dl  etirred  aail  Ml  to 
itself  for  ten  or  twelve  hours.  A  black  precipitate  is  then  produced  which  is  flnUiCMd 
on  a  filter,  washed  with  oold  water,  dried,  and  digested  with  light  coHl-tar  o3.  wUd 
dissolves  out  a  bla.(>k  tarry  substance.  The  recidne  is  ft^rain  dried  and  digvrtsdwitt 
aloohol,  wood-spirit,  or  any  other  liquid  capable  of  dissolving  the  colouring  i 
and  tho  clear  solution  ia  sepamtod  by  filtration  or  decantation,  and  diatilled  to 
the  aloohol  or  wood-spirit.     The  residue  then  remaining  ia  aniline^purpl^. 

On  the  large  scale  this  procees  has  been  variously  modified  by  difierent 
fiM7tureT8.     Some  complete  the  operation  of  mixing  in  a  few  minutes  ;   others  wokog  it 
even  to  thirty-aix  hours.    Many  again  find  it  convenient  to  employ  the  solation  n*^  ^ 
warm  and  concentrated,  the  temperature  and  degree  of  concent ru lion  <lepcndisg 

on  the  quiuititiea  employed.     Hydrochlorate  of  aniline,  ol>taiued  by  disaolriog  an 

in  commercial  hydrochloric  acid,  is  also  frequently  used.  The  sulpnaU*  is  employtda 
a  state  of  paftt4>,  as  prodnced  by  treating  aniline  with  oil  of  vitritil  diluted  with  anrt 
little  water.  The  following  proportions  are  recommended  by  Scheurer-Kestntr: 
one  kilogramme  of  aniline,  a  concentrated  solution  of  from  800  to  1200  gramanM 
dichroniate  of  potassiatn,  and  500  grammes  of  sulphuric  acid  of  sp.  ^.  1  -84  (60°  BiaV 
The  purification  also  is  often  diflTereutly  conducted,  more  eftpeinally  with  the  view  ti 
avoiding  the  use  of  expensive  solvents.  The  black  precipitate,  after  woahing  with  coil 
water,  is  exhausted  by  prokm^ed  ebullition  with  large  quantities  of  watar  ^aOBeliBil 
acidulated  with  from  I  to  2  per  cent,  of  acetic  acid),  whereby  the  colonring  matter  s 
dissolved.  The  filttred  solutions  are  concentmted  as  much  us  possible,  aod  wkik 
boiling  ore  precipitHted  by  canstic  soda;  the  precipitate  is  washed  on  a  filter  with  u 
alkaline  solution,  to  remove  the  excew  of  potassic  chrontate  together  with  a  Tvddah 
eolounnp  mattor  which  affects  the  brilliancy  of  the  purple,  then  treated  with  f«U 
water  till  the  alkali  it*  nmoved  and  the  wushiugs  ha^e  become  coloured  ;  and  the  pt^ 
cipitattf  ia  allowed  to  drain,  whereby  the  aniline-pnrple  is  obtained  in   tha  fbnaef 
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it«.     Verv  often  tbe  extnction  by  boiling  water  uid  predpitatioD  by  caustic  kxU 

I  rep«atca  in  ordor  to  obtain  the  colour  in  a  pure  itate.     The  solution  ot  the  pasto 

,  _i  alooDol,  wood-flpirit  or  methylated  spirit  yields  on  eraporotioo  a  n^idne  of  a  reainoua 

appearance,  exhibiting  a  peculiar  metallic  lustre,  recalling  at  once  that  of  gold  and  that 

of  copper.     It  is  soluble  in  water,  more  soluble  in  acetic  acid,  and  the  alcoholSi   and 

pouieHAes  extraordinary  ttuotorial  powers. 

Aniline-purple  may  tdno  b«  obtained  b^  the  following  processei:  a.  Oxidation  of  a 
cold  dilute  solution  of  hydrochlorate  of  aniline  by  a  dilute  solution  of  chloride  of  lima 
(Bulley,  Beale  audKirkham).  The  aniline  is  thereby conrerted  into  a  black  pitcli- 
like  moas,  the  weight  of  which  ia  not  more  than  one-tenth  of  the  quantity  uf  anilino 
employed.  This  mass  contaimi  [a)  aniline-porple ;  {b)  a  brown  colouriog  mutter  aoU 
nble  in  alkaline  liquids,  and  (c)  a  resinous  bubstunce  soluble  in  alcohol,  eth(\r  and  suU 
pbido  of  e:trbon.  The  aniliae-purpio  is  oxtmcted  by  water;  it  is  more  difficult  uf 
puritiatttoQ  than  the  compound  prepared  by  Perkins  method.  The  chloride  of  lime 
pnx*'.fi.i  is  mor*!  economicju,  but  the  eulonr  of  the  product  is  less  beautiful  and  of  a  red- 
der tint  than  the  preceding. — 0.  Oxidation  of  a  salt  of  aniline  in  aqueous  solution  by 
peroxide  of  mangunesp,  or  b^  peroxide  of  lead  (D.  S.  Price)  under  the  influence  of  an 
acid. — y.  Oxidation  ofanandine  saltby  a  solution  of  potassiopermanffanate^G  re  rillo 
Williums),  or  of  ferricyanide  of  potaMium  (R  Smith).— 4.  Oxidation  ofasaltof 
aniline  id  aqueous  solution  by  free  chlorine  or  free  hypochlorous  acid  (R.  Smith),  or 
by  the  double  chloride  of  copper  onJ  sodium  (Dale  ana  Caro).*  Of  all  these  processea 
those  only  hare  attained  induntrial  importance  in  which  chromate  of  potaasitim,  chlo- 
ratr^  of  pota«»tum,  chloride  of  lime,  and  chloride  of  copper  are  employed. 

Aniline'purple  prepared  by  Perkin's  process  is  the  sulphate  of  a  base  called 3f  an* 
Teine,  having  the  composition  C*'H"N'  (Porkin,  Ann.  Cli.  Pharm.  cixxii.  201). 
On  adding  caustic  potash  to  a  solution  of  the  commercial  crystallised  product,  the 
colour  changes  immediatt^ly  from  purple  to  hi nish -violet,  and  on  standing,  the  maureina 
separates  as  a  crystalline  body  wUich.  after  washing  with  alcohol  and  then  with  water, 
appears  as  a  nearly  block  glistening  substance  not  unlike  fpecular  iron  ore.  It  dis- 
aolvt^  in  a/cohol,  forruiug  a  violet  solution,  which  on  addition  of  acids  immediately 
assumes  a  purple  colour.  It  is  insoluble  or  nearly  so  in  ether  and  in  benzene.  It  is  a 
very  stable  compound  and  decomposes  ammonium-salts  with  facility.  When  strongly 
heated,  it  decomposes,  giring  off  a  basic  oil,  which  docs  not  appear  to  be  onilino. 

AectaU  of  Maumint  is  obtain<rd  bv  diasolring  the  base  in  boiling  alcohol  and  acetic 
acid ;  it  crystallises  as  the  liquid  cools,  and  may  be  pnrified  by  recryBtalllsing  it  once 
or  twice.     It  is  a  beautifiU  compound  having  a  green  metallic  lustre. 

Carbonate  of  Mauoeint,  CB'^NMl'GO'. — Solutions  of  mauveine  quickly  absorb  car- 
bonic acid  from  the  air,  the  colour  changing  from  violet  to  purple.  To  prepare  the 
rArl>nnat«,  carbonic  acid  gHs  is  pansfd  through  boiling  alcohol  containing  maureina 
in  suspension ;  on  leaving  the  liquid  to  itself,  the  carbonate  separates  in  prisms  having 
a  green  mf  tallic  reflex.  On  boiling  its  solution,  port  of  the  carbonic  acid  eacapes,  the 
liquid  at  the  same  time  Assuming  the  violet  colour  of  the  free  base.  In  the  dry  state 
the  salt  docoiapofies  very  quickly,  and  at  100-^  it  gives  off  the  whole  of  its  carbonic 
acid  and  acquires  a  dark  olive-brown  colour.  By  analysis  it  was  found  to  contain  8'8 
per  cent  C0^  which  is  intermediate  between  the  composition  of  a  neutml  carbonate 
•iC^H^N'.n'CO*,  requiring  5-1  percent,and  that  ofan  acid  carbonate  C"H»*N*.H*CO", 
requiring  9'1  per  cent*  CO*. 

/fydrKKfaf<io/itfflMwinr,C"H"N*.HI,  crystallises  in  prisma  having  a  green  metallie 
lustre;  less  soluble  than  the  following  salt  In  preparing  it  from  the  free  baae  it  is 
nccoseory  to  use  colourless  hydriodic  acid,  as  frt<e  iodine  would  decompose  it 

H(/iirobromaif  of  Mauvtini:^  C^'H^NMIBr. — Prepared  like  the  hydrochlorate;  which 
it  restmbles,  excepting  tliat  it  is  l***"!*  sohiblo. 

HydrocfUorntt  of  Ma  uv-  ine^  C'H  ^*N'.  HCl,  is  obtained  by  direct  combinntJon  of  the  acid 
and  base,  and  fU'pamtoft  from  an  alo^holic  solution  prejiared  at  the  boiling  heat  innuall 
priftras,  often  gruu[>ediutuftH  and  having  a  strong  green  mt-taUic  lustre.  It  is  modemt^iy 
soluble  iuah'ohol,  Ic-M  soluble  in  watt-r,  and  uearlyinttolublp  in  ether.  The  cMoro-aurate^ 
Cli^NMfCLAaCl',  prepired  by  mixing  the  alcoholic  solutions  of  the  hydrochlorate 
and  auric  chloride,  seporat^^s  as  a  crystalline  precipitjite  which  is  much  letw  lustrous 
than  the  plutinurn-sidt.  and  appears  to  loee  u  portion  of  its  gold  when  recrystallised. 

The  M'rop/atuiaU,  2(C*'H-*N*.HCl).PtCl«,  prepared  like  the  gold-salt,  separates 
from  cold  solutions  as  a  green  crystalline  powder ;  from  moderately  warm  i«olutions  in 
nther  large  crystahL  It  pcnw  sses  the  green  lustre  of  the  hydrochlorate,  but  when  dry 
haa  more  of  a  gold  colour.     It  is  very  slightly  soluble  in  alcohol. 

S-niphatr  of  Mauvdnr,  2C»'lI*'N^SH^0^— This  salt  is  the  original  aniline -purple 
obtained  by  treating  luiiline  with  acid  chrumat^  of  potiut*iium  and  sulphuric  acid. 

•  For  the  dsl^i  nf  the  !>p«>clSrBllnpt  of  lh«r  nnd  other  pAtcntrd  rrace«f«*  fO(  lh«  pr«>|>AraUon  o( 
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R«sp<¥ting  thr*  mflhotU  of  (lyi*ing  with  aiiiliiie-pofpla,  see  DnDTO  (ii.  157).  iW 
}ioJmann's  litjtort,  p.  1*24, 

Aniline   &«d  or  Ko^aaillae  i  ulso  caUnd  Bojttin*,  FtbehMn^,  AzoUimt,  VtMl^ 

Soi/rrtrw,  &c — It  had  biTn  known  for  aome  years  tliat  aoiliiie,  when  Kubjertrd  u  '^ 

'  actioD   of   Tfiricus   renfr^uis,   in  capable  of  yielding  products  of  a  de^p   red  erW. 

TliB  production  of  tJiis  rod  colour  oy  the  uction  of  ttning  nitric  acid  on  uulmc  «■ 

ol^'TitHl  by  Hofmiinii  in   1843,  und  about  iho  «ame   time  ty  Zinin.    Hofai&Bi 

al»o  fuuu't  that  u  (lark  red  liijtiid  is  prrMluced  on  mixing  sulphate  uf  anilLap  thth  f«Tra 

lulphiito;  and  Nntanf^on  in  18o6  obfprved  a  red  enbetaooe  lunong  the  prododf  aftk 

.action  uf  Dutch  liquid  njion  anilin'>.     Bat  it  wru  only  in  1868  that   the  formaliat  vf  i 

crimwn  colouring  principle  and  some  of  its  cbanicteriiitic  properti*©  were  fial4i' 

I  siteiy  pointed  out  by  H  of  man  n,  who,  in  studying  Iheuctioa  uftctmchlorideo^cvtieB 

I  ttpon  aniline,  obeeired  aud  de8<.Tibi>d  the  formation  of  a  haaie  suUstance  wbieh.  vfciq 

[  dimolTed  in  lOcohol,  inipurts  to  lhi«  liquid  a  magniftoent  critopon  colour  (»e*  p-  4€i," 

Ffiinco  that  timo   aniline-rcdfl  have   wvn  produced  by  treating  aniline  wiib  ft  gr>«: 

I  Tarit-ty  of  rcagentB,  the  most  important  of  which  are  tetrachloride  of  tin,  aranuc  and, 

nitric  acid,  mercuric  nitrat**  and  ferric  cldoride.     Patents  have  also  been  takpnout  ' 

the  preparation  of  thwte  colours  by  the  ebullition  of  aniline  \i-ith  etannoua, 

and   mercuric  mtphates;    with  firric,  uninic;  aiventic  and   plumbic  oicralea:    vtl 

ittHnnic  and  mercuric  bromides :  with  iodinf,  Htannic  iodide  and  iodoform;  witJimcrenit 

ehlomtc,  bromate  and  iod/ito ;  aud  wit  ti  pentnchloride  of  antimony ;  also  by  the  actiucul 

ftntimonic  oxide,  pcruxide  uf  bismuth,  stinnic,  ferric,  mercuric  and  cnpHe  oxidea 

L  drochlonite  or  Bulphato  of  anitinr  at  the  trmpi<ratiiro  of  180°.     The  gre&ter 

theae  proCMcea,  howercr,  are  of  but  little  value ;  we  proceed  to  deeczibe  thoee 

are  actually  practised  on  the  mnnufacturing  ficale. 

1.  Ptfparalion  of  Anitine-rtd  Ay  Trtrachloride  of  Tin. — Thifl  proeem, 
by  Meaars.  Verguin  and  Renard,  of  Lyons,  was  the  fir^t   by   which  anihit*^' 
waa  prepared  for  indastrial   uw.       A   mixture  of  10  pla.  aniline  and  6  to   7  (41^^ 

.  tetracldoride  of  tin,  either  anhydrcu?*  or  hydraled,  i»  heated  to  ebullition  for  " 
i  twenty  minutes,  the  liquid  becoming  at  first  yellow,  then  red,   and  being  aj 
conreried  into  a  nearly  black  masA.     The  mixture  is  toft  to  cool  and  then  ti«at«d 
a  largo  quantity  of  boiling  water,  which  HO(|uirc!>  a  mxgnifici'nt  red  colour,  andwilliDM 
any  turtfier  preparation,  forms  a  wplt^ndid  dye-batJi  fur  feillc  and  wool.  It  is  found  bfOo^ 
howcTer,  to  precipitate  the  colouring  mnttar  by  partially  saturating  the  cDnifUtr&lnl 
liquid  with  carbonate  of  sodium,  and  adding  common  suit.     The  aniline-red  is  thea  J<r^- 
ripitated  in  the  solid  state,  and  has  only  to  be  distiolved  in  water,  alcohol,  or  acetic  lod 
to  prepare  a  dyi*-buth  for  imbuing  silk  and  wool  witli  tht;  moat  b«auttful  roseat*  tislik 
Anhydrous  mercuric,  ferric  or  cupric  chloride  may  be  used  in  the  preparation iasteid 
of  the  stannic  chloride. 

2.  Prtparation  of  Anifine-red  vitk  Anmic  Acid. — This  proccsB,  which  is  one  of  tbi 
[  best,  waa  discovered  by  Medlock.     It  consifits  in  combining  arsenic  acid  with  a«ti|jkl 

excess  of  aniline,  and  heating  thc<:i:y8taUinemaasoveraalowfiretoabout  120  —  I-4<F,cain 
being  taken  not  to  exceed  100^.  The  pruportiona  recommended  are  12  pt«.  of  the  ilry 
acid  of  cummeri'o  f  which  is  chiefly  a  diliydnite  containing  13*5  per  cc>nL  water)  to  14 
pta.  of  aniline,  witn  oir  without  the  addition  of  water.  The  operation,  according  to  tl)« 
scale  on  which  it  is  curried  out,  requires  from  four  to  nine  huunn  fur  completion.  A 
perfectly  homogeneoun  fluid  mass  in  thus  obtained,  which  on  cooling solidtfies  to  abard 
■abNtaiice  with  metullie  bmDz<*-eolourod  Instre.  When  diasolTed  in  boiling  wsterit 
produi-i-a  »  Mtlution  of  gnat  riL>hn«-«H  and  purity  of  colour.  From  this  aonilion  t)n 
colouring  mutter  may  be  precipilated  ulmost  free  from  anonic  by  addition  of  a  ilighl 
excess  of  Boda.  The  precipitate  ia  co]lect4>d  on  filttra,  washed  with  a  little  ^AA  iimttr, 
and  rwlisHolvM  in  acetic  acid. 

3.  With  MtrxHnc  yUratf,  {Gerber-Keller'e  process. ) — 7  or  8  ptai.  of  polreraed 
mercuric  nitrntc  aro  gradually  added,  with  constant  stirring,  to  10  pts.  of  aniUoa heatad 
in  a  water-biitfi  (too  htQ:h  n  temptrature  might  cause  a  riolent  and  rTplrKiiTti  T—ctiai) 
The  openition  IiiuXh  eignt  or  ninr  hours,  at  the  end  of  which  time  the  mass  beoomesolft 
magniflcent  TioIet*red  colour.  This  constitutes  the  scale ine  uf  commerce.  Theto*- 
cury  ie  reduced  during  the  process  to  the  metallic  state,  and  may  be  used  again  fcf 
til**  preparation  of  the  nitrate. 

4.  Witli  yUHc  Arid,  (Laulh  and  Depooilly's process.)— This  prooest  ou^t 
more  properly  to  be  called  treatment  of  nitrNtc  of  aniline  with  aniline,  as  it  requifN 
the  (luilino  to  bo  in  oxcoss.  The  mixture  is  heated  to  about  150'  or  160^, care  being takm 
to  rt-move  the  heat  a.s  8<-)on  aa  the  reactiun  becomes  at  all  lively.  After  eevenu  boon 
a  mass  is  obtained  of  a  fine  riolet-rod  colour,  which  may  he  sent  into  cotnmeroe  aanoa 

*  Ttili  mrv1«r(f  priKliiC'Dg  aniline-red  Hm  not  actually  tutn  cariird  f>ut  in  prKrtlco:  but  ■  Ctimmnm 
•^t  Uit*  a-KitU  ivdUMtrtflle  dr  Mtdkouir  ha?e  rrjiurunl  fRtourabljr  ou  thv  |H>uibUity  of  perfitnnlng  a  tcs- 
nu«nl4-«1l]r  DO  Cho  tDkuuractiihag  ic«lc. 


i 
I 

I 


ANILINE-RED  OR  ROSANILINE. 


469 


^Bas  it  hu  hf^n  treated  with  &  smtJl  quiiTitity  of  carU.>nutc  of  •LHliam  diAohotl  id 
water,  and  precipitated  by  ttdditioo  of  common  baIi.  Tliis  prui*rw  girus  gu«xl  nt<ulU 
rwprouiJIj  on  the  small  »cal»» ;  but  whpa  largn  qiiantitieti  arv  operated  on,  it  u  often 
diflieult  to  regulate  the  artion,  and  eomliustioo  and  deflagration  eneoe^  which  of  course 
defltpoj  the  entire  prmluct 

Thd  oniline'red  obtaiaed  by  the  actioo  of  nitric  arid  or  mercurio  aitrate  Has  a  more 
▼iolel  tint  than  thiit  prepared  by  meani)  of  tlio  anhydrous  chlorides. 

A.  Dirtct  prodiietioH  of  Ant/inf-red  fnun  yttro^jcrutmr, — Nitrobcnwnc  ib  trontM 
with  a  miatun-  of  ir«jn  and  hydrochloric  acid,  or  with  ferrous  clUoride,  when^by  ii  i* 
conrcrtfd  into  aniline,  with  formation  of  ferric  cJilorJd*  (p.  420).  t>n  hrntirig  the 
mixture,  the  f4>rrio  clitorida  rtsiicts  upon  the  anilinu  thus  produced,  ciunrertiiig  it  into 
aniUne-rod.  MeAsnt.  Laurent  and  CanthiUjix,  to  whom  tlua  proceea  ia  due,  ^ive  tbn 
name  of  rrryMroVn^/  to  the  colouring  niatU>r  thua  obtained;  bat  it  probably  coiiaiaU 
mainly  uf  ruMuniliue. 

Purification  qf  Anilinf'red, — The  crude  colours  obtained  by  the  prf'C*'diog  proceiaea 
ptjil  eoiiluiii  uiidecomposcd  nniline,  chiefly  in  the  form  of  saJtif,  loptlier  with  tuny 
mutters,  some  insoluble  in  water  and  dilute  acids,  otbcrs  aoluble  in  tsulnhide  of  cnrlx>n. 
naphtha,  or  in  caustic  or  carbonated  alkalis.  On  boiling  the  cnid.-  r<*d  with  eieeni*  of 
alkali,  the  undecompoaed  aniline  is  expelled,  the  arid  which  eiift*  in  the  pnKluct 
being  fixed  by  the  alkali,  while  rery  little  of  the  colonring  matter  diasolves.  On  treat- 
ing tht'  slightly  washed  residue  Mith  boiling  wnt«r  aciduluteil  with  a  mineral  acid,  the 
red  is  di^iulrod,  while  certain  tajTv  matters  remain  innolublc ;  and  ifthe  boiling  soln- 
tinn  be  ttltered  and  saturated  with  an  alkali,  the  eolonring  matter  is  preci('ituie  I 
tolerably  pure.  Theprecipitation  may  bo  hastened  by  diasolring  common  salt  in  the 
auturate<l  solution.  By  onco  more  redia^olving  the  pre<npiLated  red  in  an  acid,  not 
rni[)Ioyed  in  exceos,  a  solutign  is  obtained  which  frequently  cryatAlIiflea,  or  frum  which 
the  pnr>i  red  may  be  thrown  down  by  a  new  addition  of  chloride  of  aodium  or  other 
alkaline  aalt. 

In  France  the  hjdrochlorate,  in  England  the  acetate,  of  unilinc-red  is  generally  us«d 
in  dyeing. 

Comtiofiitvin  and  Formation  of  Aniliru^red, — Hofmonn  ban  shown  that  all  the  Tarietiea 
of  anihne-red  are  salts  of  an  organic  base  which  he  de«ignut<'«  aa  roaaniline.  Thia 
Iwise  is  a  triamine,  Cfl'^N",  capable  of  unitiiig  with  one  or  three  (probably  altw  with 
two)  atoms  of  acid.  Moreover  three  of  its  hydrof^en-atoma  may  be  replaced  by  alcohol- 
rndiolea,  namely  methyl,  ethyl,  amyl,  phenyl,  and  tolyl  or  beriRyl,  producinji  blue  and 
viulet  dyea.  Further  than  this,  ita  rational  constitution  has  nut  l>«^-en  distinctly  made  out. 
Neither  is  its  mude  of  formation  thoroughly  understood;  but  one  very  impt^rinnt  fa«:t  liaa 
bt*tn  brought  to  light  hy  the  rcsoarcbes  of  Hofmiinn,  and  eonfinned  by  the  oxiwrience  of 
mHuuraetun^rs,  Dami^ly  that  pure  aniline,  fpitm  whatever  source  it  may  be  ubtained,  is 
iucapablH  v(  furuiahing  aniliue-red,  (Xtmraercial  aniline  pp'j^iared  firom  c»)al-tHr  always 
in  6icl  contains  I oluidine  (benxyUmine,  C'H'N) as  well  uaphenyUmi lie;  and  Hofmann 
has  shown  that  the  pmence  of  thia  baae  together  with  aniline  is  e9s«'ntiul  to  thf 
formation  of  the  red  dye.  Toluidine  by  itself  is  juj»t  us  incaptble  of  yielding  th«  red 
HA  pure  aniline,  but  nhi-n  a  mixture  of  pure  aniline  and  pure  toluidine  is  ireatM  with 
at4innic  ur  mercoric  chloride,  or  with  arrentc  acid,  the  red  colouring  matter  is  itninedi 
ately  produced.     Its  formation  may  perhaps  be  represented  by  the  equation : 

C-H^N      +      2C^U"N       »       C^H-'N*     +      H\ 

AnlUne.  Toluidine.  BoMnlUna. 


and  ita  ooostitution  by  the  formola  {C^H 


containing   the  diatomic  radicles 


phenylene  and  tolylcne  or  bcnzylene.     (Hofmann,  Proc.  Roy.  Soc.  4H6.) 

Sehiff  (Ann.  Ch.  Phurm.  cxxv.  3C0 ;  exxrii.  337)  has  endeavonrod  to  ahow  that 
the  formation  of  aniline-rcd  depends  upon  tlie  preriouM  furmalion  of  certain  compounds 
df  aniline  with  mctiillic  salt*,  and  the  aubeequent  decompoaition  of  these  wmponnds, 
and  ho  gives  a  general  equation  by  which  he  suppoaes  thia  deeompoaition  to  be  repre- 
aented;  bnt  this  theory  is  maniftrstly  erront^us,  inasmuch  as  it  takes  no  eogniaance  of 
the  esaontial  fact  that  the  furmutiun  ot*  the  red  dye  depends  upon  the  preaence  of 
toluidine  aa  well  as  of  antUue. 

Kn flan i line  when  separated  from  the  solution  of  ita  salts  by  precipitation  with  an 
alkali  exhibita  the  tx>mposition, 

C»H«'  N'O       -       C"H'"N".H«0. 
On  mixing  the  boiling  solution  of  thfl  acotatewithalnrpe  excess  of  ammnnia,  a  rose-red 
somewhat  crystailine  prw:ipilate  is  formed,  consisting  of  the  hydrate  in  a  t<derabiy  pure 
itfAta;  and  the  cnluurleM  liquid  filtered  from  this  precipitate  while  boiling,  depotuta  on 
cooling  white  needlae  and  platee  of  the  perlectly  pure  hydmte. 
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Bos&Dnine  i»  nearlv  ui»oluWe  in  water^  a[iah\lj  folabU  in  ammonic,  mow  totuU*  it 
aUokol,  with  deep  red  colour,  inHoluble  in  ef&r.  Wbeo  exposed  to  tho  lir,  tl  ii|«]lt 
beoonipfl  roan-ooloured  anti  ultimately  of  a  deep  red,  probablj  lA  oooscqaeaut  cf  dji 
funniition  of  a  c&rlKdDSte. 

Ro*iauiiiBe  is  a  rather  powerfii]  baw,  fomung,  as  Already  observed,  mono^oid  at 
triscid  sslts,  slmost  all  uf  which  are  remarluble  for  their  beaaty  aod  the  faaiiif  nk 
which  thfjr  crjsUllise.  Thev  may  be  pr'>parod  either  by  direct  aoion  of  the  MH«i6 
the  freo  bwv,  or  by  boiling  tuo  ammumum-iRilta  of  the  sercral  acids  with  exeostf  tb 
bftse. 

The  fiumi^acid  Malts  exhibit  for  the  most  part  by  reflected  light,  the  laatxowoMbDc 
men  of  the  wings  of  the  roee-beetle ;  in  transmitted  light  the  crystal*  an?  re4^i  'W 
uig  opaque  wbBO  they  acquire  certain  dimensions.  Th«  solutions  of  these  ailb  ■ 
water  or  alcohol  posseas  the  magnificent  crimson  colour  which  characterises  iqswuKbi 
cutnpoands.  Aeoordingto  Chevreul  (Compt.  Fend.liii  984)  the  green  ccJaarrrfsOit 
from  the  crystals  of  these  salts  is  exiiotly  compK'mi-'ntAry  to  th«>  crimsoD  eokv  «h^ 
theaolutions  impart  to  wool  and  siUL  The  trt-acid  salt*  of  ros&uiline  ar^yellowisb-lvM 
both  in  the  solid  ftAteand  in  solution.  Th^y  are  much  more  solable  m  viterM 
alcohol  thiin  the  mono-acid  salts. 

The  aalu  of  romoiline  when  treated  with  reducing  agents,  aulpfadds  of  aiiiBWBiiBlB 
example,  are  conrerted  into  leucaniline  (iii  674) : 


Rctanillne. 


H» 


LvucjoUiiM. 


Acrtaie  of  BosanUine,  C*'H'»N'.C»H*0'.— This  is  perhaps  the  finest  of  sD  Ibil 
rmumiliue'Salta,  sometimes  separating  &om  large  quaotitips  of  solution  in  eryMils«1 
inch  in  diameter.  It  is  very  soluble  in  water  utid  alcohol,  and  does  not  erystaUiM  f(4  I 
from  email  quantities  of  solution.  The  ovstals  when  freshly  prepared  exhibti  u  » I 
hif;;h  degree  the  grc«n  mntallio  luAtre  already  mentioned,  but  on  protnurtcd  exposon  ie  j 
light,  this  colour  dlsappctirs,  the  orystAla  sflsuming  a  d&rk  reddish-broim  tint 

liydrochioraua. — Tlio  mono-add  aalt,  C-*H'*N*^C1,  is  deposited   from  its  1 
solution  in  well-defined  rhombic  plat^.  frequently  in  stellar  forms.     It  is  botSfisnspjJ 
soluble  in  water,  more  Bolublv  in  alcohol,  ineoluhle  in  ether.     It  retains  a  small  qa 
of  water  at  lOC^,  but  becomes  auhydruus  at  130*^.     Liku  most  roeaniline-aalt%  tl  i 
Tery  hygroscopic     Treated  with  zinc  and  hydrochloric  acid,  it  yields  leoca&flinc 

Tlie  tri-aeid  hydrochlorat*,  C^H'*N'.3HC1,  is  obtained  by  adding  Tery  strong  hydR-l 
ohlon'o  acid  to  a  wann  solution  of  the  baae  in  roodcmtfly  strong  acid.  The  whiide  iIm 
■olidiflea  on  cooling  to  a  network  of  bonutiful  brown  oeedle^,  which  mu«t  t«  siabe^ 
with  strong  hydrochloric  acid  and  dried  in  a  vacuum  orer  lime  and  oil  of  ntnoL  ^ 
wnter  documpoaes  them,  roprixlucing  the  mono-acid  salt.  The'tri-acid  altgivetctf 
part  of  its  acid  at  100°  the  bruwu  orvstals  becoming  indigo-blue,  and  being  allixoatf^ 
converted  into  the  green  crystals  of  the  mono-acid  ult. 

Both  the  hydroculoratea  of  rosaniline  unite  with  tetrachloride  of  plattnuB,  fonusg 
uncrystAllisable  double  salts  which  appear  to  contain  2(C*"H>'N*.HCI)J^C1*  u>d 
a<C»H»»N«.3HCl).3PtCl'  respectively 

HydrobromaU  of  Rotanitint,  C*H'*N'.HBr,  resembles  the  mono-acid  hydrochlciiitf  ia 
evoiy  respect,  but  is  even  less  soluble.  The  hydriodaU^  C*H'*N'.HI,  forms  greet  thj 
soluble  needleju. 

nitrate  of  liosanitine,  C"H'"N".NHO»,  obtained  by  dissolving  the  base  n 
dilute  nitric  acid,  forms  small  crystals  resomhliug  the  other  salts  of  ronuiLUDe. 

The  picrate  or  trinitn/plunati',  C*ll'*N'.CH*lKO')"0,  crysLaUisus  io  beaatiftl 
reddish  nt«dl?s.  likewise  very  Bparin«ly  soluble  in  water. 

SHlphaU&.—The  neutml  HHlt,  (C^H'^NSMI-SO*  (at  130°),  obtiuned  by  dissolringOis  j 
base  in  dilute  sulphuric  acid,  is  d^-positcd  in  greon  crystids  baring  a  metallic  IsstK    f 

lannatts. — Tannic  acid  added  to  an  aqueous  solution  of  rosaniline,  either  nn^  | 
or  acid,  throws  down  the  whole  of  the  rosaniline  in  the  form  of  an  insoluble  taauii.. 
The  precipitate  formed  in  cold  dilute  solutions  has  an  intense  carmine  colour,  Uk«  tii! 
carmine-lake  of  cochineal ;  from  warm  concentrated  solutions  it  separates  as  a  tsnaonN 
pLtohy,  red-brown  mass.  If  the  tannic  a^id  is  in  excess,  the  eolation  retains  a  nd 
colour,  indicating  the  formation  of  a  more  soluble  (di-  or  Lri-acid)  salL  The  D««tr^ 
tannato  ia  likewise  formed  when  cloth  mordanted  or  printed  with  tannic  add  is  dippd 
in  a  Hlightly  acid  solution  of  aniUne-red.  It  dissolves  in  alcohol,  wood-sriril  and  ^Hx 
acid  with  the  deepest  crimson  coluur;  in  concentrated  solutions  of  the  stronger  ■cidi 
with  ri'ddtuh-yellow  colour,  which  however  changes  to  red  on  addition  of  water,  part  of 
the  salt  being  at  the  same  tim«*  prei'ipitated ;  by  prolonged  boiiiiig  with  conocainued 
acids  it  is  decomposed.  Alkalis  decolorise  it,  but  the  colour  is  restored  by  Dedndua- 
tion  with  an  acid.  When  tannate  of  rofinniline  is  tniuratAd  with  thr««  or  four  Itt** 
its  weight  of  wood-spirit  and  the  thickish  ca^nine-colourt^d  mass  is  m.ijtod  with  a  qaaclit; 
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ef  nitric  or  hydrochloric  acid  (or  Iwti^r  with  aleohol  satumtcd  with  hydrocliloric  iwij), 
equal  to  5^  to  ^  of  tho  volume  of  the  wood-epirit,  the  oulonr  of  llir  niixturr— which 
6nf  op  qaiokljr  if  the  trituration  be  continood — pww«  into  viol»*t  and  finfillj  into  blue. 
Sjr  duly  reflating  the  proportion  of  acid,  anjr  rcqairvdBhiidf  of  coluar  may  hfohUvupd 
[^  thcdp  blue  and  riultt  coloaring  mattcra  arc  nearly  inaolahle  in  wtitpr,  thfy  niav  be 
[ilr«ed  frum  mllicriDg  acid  by  washing  with  water.  For  dyeing,  tbry  arc  dissolved  in 
alcohol  or  wood-epirit,  and  the  aolation  i«  dilutc;d  with  water.  (£.  Kopp,  Jahresb. 
1862.  {1.694.) 

Dyring  witA  Aniline-red. — The  salu  of  rowiniline  rhipfly  emplovrd  for  dyeing  iiilk 
and  wool  arc  the  acetate,  bydrtxOilorjte  and  nitrate  ;  their  application  ia  very  ainipK-. 
8ilk  is  dyed  hy  pa»inp  it  tlirougb  a  cold  aqueoua  potutton  of  the  salt ;  for  the  dyeing 
of  wool  the  fc.lntiun  ih  heated  to  60°  or  60^  C.  ItosduiUiie  ig  prf-cipitatiMl  fnim  its 
aoltttiuna  and  fixed  bv  Kilk  and  wool,  with  unch  rapidity  and  force  that  it  i»  ii(<(-^«ary 
to  operate  with  solutions  cumparatiTely  weak  at  fimt  and  only  gnidaully  ntrenKthened  ; 
othPTwiM  the  dye  will  be  unequal,  the  portioni  flwt  immers^  being  more  fctpongly 
coloured  than  the  rest.  Cutton,  on  the  oilier  baud,  hjia  no  attraction  for  tbi»  colouring 
matter,  and  requires  flrat  to  bo  treated  with  eome  animal  mordant,  such  as  albumin, 
prepared  glutin.  casein,  lactarin  or  gelutin,  or  with  tannic  acid,  the  bitter  being  UKcd 
either  in  its  oi^nibinations  with  metallic  oxidca,  as  antimooic  stannic  or  plambio.  or  jo* 
tannate  of  gelatin.  For  some  lime,  oily  preparations  were  employed,  tnch  aa  aulpho- 
xnargaric  or  sulpbol^ic  ucid. 

When  a  atuff  which  has  been  dyed  with  aniline-red  is  printed  with  a  rtrong  acid, 
it  it  deeolorised,  with  fonnntion  of  a  yellowinh  stain  in  consequence  of  the  convernion 
of  the  mono-Qcid  salt  of  rosanitine  iuto  a  tri-acid  salt,  which  baa  but  little  colour ;  but 
on  waahing  the  mnterial  with  water,  the  excesa  of  acid  ia  removed  and  the  red  colour  ia 
reatored.  On  printing  with  a  powerful  base,  cauHtie  soda  for  ei.imple,  tbared  roeaniline 
aalt  is  decomposed  and  colourless  ro^aniline  is  Liberated,  but  when  tlie  soda  is  waahed 
out  with  water,  the  red  colour  reaitpeam,  the  n)e:iniliiie  pr(>bably  becoming carbouatetL 
Ammonia  likewise  destroys  the  culour  for  a  time,  but  as  the  ammonia  eacapea  the  red- 
coloration  rcturna.  If  howover  the  dyed  fabric  bo  left  for  some  time  Jn  contact  with 
weak  aqueous  ammonia,  the  rosaniline  ia  for  the  moat  poft  diaaolTcd  ou^  and  the 
colour  ia  then  no  longer  restored  by  rintting  with  water. 

iVrtcafieva  0/  liosanUine. 

Trtetbyl-roMuiUlna,  C»»H"N»    -    C«'H'^C*H»)»N»  -  Thia  compound,    which 

yieldsonoof  the  vrtrietic'j  of  aniline- violet,  was  discovered  by  Hofmann(Proc.Roy, 
Soe.  xiii.  13;  BulL  Soc  Chim.  1866.  [1]  Uid),  and  is  known  in  commerce  aa  Hof- 
ffidnn'a  violrt.  It  is  obtained  by  heating  1  pt.  of  rowtniline,  2  pts.  iodide  of  ethyl,  and 
about  2  pta.  of  strong  alcohol  to  100"^  for  thrfe  or  four  hourm,  in  a  Tetwol  capable  of 
reflistiog  a  certain  amount  of  preseore.  The  mixture  is  then  left  to  cool,  and  the  sjrmpy 
violet  man  ia  disaolved  in  alcohol  or  wood  spirit  The  reaolting  solution  of  hydri<>date 
of  triethyl-rosaniline  may  be  used  for  dyeing  and  printing  just  like  the  other  anihne 
dyeA.  By  u^ing  them  in  this  manner,  however,  the  iodine,  which  is  a  subetanee  of 
aomevidue,  is  lost.  Il  may  be  recovered  by  boiling  the  prodnct,  either  before  or  after 
Bolation  in  alcohol,  with  a  caustic  alkali,  which  precipitates  the  triethyl-roaaniline, 
leaving  the  alkaline  ioilide  in  aolution.  From  this  solution  the  iodine  may  l>e  recoTered 
in  the  usual  way,  and  employed  for  the  preparation  of  a  fresh  quantity  of  ethylic  iodide. 
The  trielhyl-roHiiniline  is  washed  with  wat^r  till  all  the  soluble  salta  are  remored,  then 
disMlved  in  alcohol,  containing  hydrochloric  acid,  or  in  acetic  acid  more  or  leas  diluted 
with  water,  and  this  solution  is  used  for  dyeing  and  printing. 

If  the  triethyl-rusaniline  obtained  as  above  be  again  treated  with  iodide  of  ethyl, 
and  the  series  of  operations  repeated  two  or  three  times,  the  ultimate  product  is  an 
fthifliodxtU  nf  (rvthyl-rosaniltju,  C?'H"N",C»H»I. 

Similar  products  are  obtained  by  treating  roMiniliue  with  the  iodide  of  methyl  at 
100°  or  iodide  of  amyl  ut  l&O^— 160*^. 

Other  varieties  of  AnilinC'CiiicL — By  beating  a  salt  of  roaanihne  with  a  quantity  of 
aniline  leas  than  sufficient  to  form  aniline-blue,  e.g.  equal  parts  of  hydrochlorate  of 
roftaniline  and  aniline  to  IHO^  a  violet  cfiUmring  matieris  produced,  which  was  origin- 
ally patented  by  MM.  Girard  and  Do  Loire,  and  is  known  in  onnimerce  aa  pio/«< 
iiftpenal.  It  is  likewise  obtained  together  with  anitine-blne.  when  a  salt  of  roaaniline 
ia  heated  with  excess  of  aniline  (p.  472>.  Ita  composition  has  not  been  ascorlaiiu'd, 
but  it  is  perhaps  a  mixture  of  rosaniline  and  triphenyl-ronaniliDe,  or  a  mono- or 
diphenylic  rosaniline: 

Another  aniline-violet  has  been  obtained  by  Nicholson.  It  ia  formed  by  carefully 
heating  aniline-red  to  a  temperature  between  200^  and  216".  Amuionia  i^  then  given 
oS;  and  a  dark  semi-solid  maas  id  fonned.     This  is  ezhaastod  with  acalio  acid,  sad  tba 
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de«p  viiilet  solotion  diluted  with  nfficleot  alcohol  to  gire  the  d/e  aconreainl 
for  commercial  pnrposML 

Lti»t\y,  Porkin's  maaTpiop  must  be  rfg&ided  u  a  rariety  of  antUne-Tiolct;  Wlif 
its  KilU  hare  «  purple  rol'inr,  it  ia  best  to  di'aignate  this  colottring  nuUttf  at  aailW 
pnrplp,  the  name  origiuaily  given  to  it  bj  it«  (Uscorerer. 

Tripbesrl-roMalUne,  C*H"N»  -  C*H»*(C^*)'N».— Thia  b*#ev  the  Mlta  rf 
which  form  the  Bpcndid  blao  dya  culled  aniline-bine,  alao  **  Bleu  de  Para,*  ce 
"  Bleu  (le  Ljou/*  woa  discorend  by  Oirard  and  De  Laire,  and  ita  eonctitatioa ba 
be«n  determiDpd  \>y  Uofraann  (Proc.  Hoy,  Hoc.  xiiL  0).  It  is  prodnced  by  h««tia|  t 
ealt  of  rosaniline,  or  a  mixturo  of  ijubitancea  capable  of  producing  such  a  salt,  vsk 
txcew  of  unilino :  e.  g. 

C*H»*N'.HCl   ¥   3(C^».H».N)     -     C»»H«(OH»)»N".HCl   +   JNH».      

HydrochloFAte  of  Aaillne.  Hyiliochloratv  of  Trl- 

Bouiilllita.  phrorl  roMDlUar. 

The  time  required  Tariee  vith  the  qutintit^r  of  material  operated  apon.  If  a 
of  %  kiloroimmcft  of  hydrochlorate  of  rosaniline  and  4  kilogrammea  of  aniline 
ployed,  the  opemtion  is  complete  in  four  hours. 

Several  other  culooring  matters  are  howercr  formed  at  the  e&mc  time,  lu&oog  vhidi 
are  a  riolet  {tioUt  impvrial)  and  a  gr^en  ;  large  quantities  uf  aiumooia  are  also  pift 
off!  The  crude  blue  is  purified  by  treating  it  nocceniTely  irith  boiling  water  addolalcd 
with  hydrochloric  acid,  und  afterwards  with  pure  water. 

Tri  phony  1- roMDiline  iaobtained  on  pouring  acoDcentrated  solution  of  the  bjdiochlcinr* 
iniimm'.*nincaltiK'<>hol  intowator,  aDawbitcorgrcNHibprecipitateconsialingofahTdraif^ 
C'*H"N'^''0.  It  ihovB  a  tendency  to  crystullifie,  but  haa  not  hitherto  been  obtAuml 
in  distinct  crystaU.  The  alcohulic  and  ethereal  solutions  dt'posit  it  in  the  amurfhou 
etate,  even  on^spontaneous  evaporation.  It  is  rcry  liable  to  change,  gradually  X^&^n- 
ing  blue  daring  washing,  and  especially  during  drying,  even  in  thcqo.  The  Trnmc^i- 
dry  substance  nf>Ated  to  100",  iiseumes  a  deep  brown  colour  which  it  retains  oneooling. 
it  likewise  undergoes  slight  f^ion  also  at  that  t«*mperature,  but  does  not  lose  weigfiL 

The  nits  of  triphenyl-roHaniline  are  prepared  by  treating  the  £re«  baM  with  aods 
Only  mono>acid  salts  hure  hithprto  been  obtained.  The  solutions  treated  vith  aine  sad 
hydrochloric  arid,  or  other  reducing  agrntjt,  are  rapidly  decoloriijed  and  conrcited  into 
Bulta  oftriphenyl-Ieucnniline,  C*H"*N'  fiii.  674). 

HffdrochtoraU  of  Triphmt/l-rotanilini',  C*"H"N'.HCI,  is  the  aniline-bine  obtained I7 
the  process  above  described.  It  is  an  indistinctly  crystalline  powder  of  a  blatsh-bnrvD 
colour  becoming  pure  brown  at  100°.  It  is  perfectly  insoluble  in  water  whether  eold 
or  boiling,  insoluble  also  in  ether,  but  dissolves,  though  with  difficulty,  in  aleobe^ 
fonning  a  solution  of  n  splt-ndid  lUep  blue  colour. 

From  the  boiling  saturat<*d  alcoholic  eulution  it  is  deposited  on  oooling^  in  the-  fimn 
of  imperfect  cryfitalliuc  griinules.  The  ijunf  solution  when  evaporated  leaves  it  as  a 
thin  film,  which  reflects  light  with  a  peculiar  metallic,  half-gnUen.  hAlf-ooppeiylinCtv 
(Hofmann).  It  dissolves  in  strong  flulphcric  ucid,  nnd  on  digesting  the  aolutaoo  lor 
half  nn  hour  at  150^  and  then  adding  water,  thf>  blue  colouring  mat^r  ia  predpitstii 
In  a  modified  Rtate,  having  in  fart  become  soluble  in  pure  water.     (Nicholson.) 

The  ht/drohromatr,  hydnodate,  nitraU  and*w/pAa^.  (C»'H"'N')*H"SO«  have  abolwo 
prepared.  They  n'scmble  th"  hydrochlomle,  but  the  nitrate  is  perhapa  a  little  ttwr. 
the  sulphate  a  little  less,  soluble  in  alcohol. 

Various  j>rncfs«rt  for  the  producthn  of  AnUint-Uuf. — RoHaniline-salta  asanoe  a 
permanent  blue  coloration  when  boiled  with  solutionit  of  aldt'hvdi's  (Lsuth,  Qoesse 
TiIlo*B  Monit.  Scient.  [1863]  iv.  338) ;  or  with  iTude  wood-spirit  (k,  Kopp,  ibid.  p.  332^ 

Tannata  of  rosaniline  appears  to  be  espedally  inclined  to  tins  change.  Thtf 
nature  of  the  blue  colouring  mutter  thus  prmluci-d  is  unknown,  but  it  ia  proVviMy 
iilentioal  with  that  produL-cd  by  trtntjng  rnsiinilinu  with  exc(-«*t  nf  anilin*>.  The  saaie 
remark  applies  to  a  blue  dye  described  by  Gros-Renaud  and  Schaffer  of  MnUuiiM» 
{if/id.  iii.  292)  ouder  the  name  of  Mulhoyst  blw,  which  is  formed  by  l>oiling  the  soh- 
tioD  of  a  rosttniiinc  salt  (genf-rally  the  nitrate)  with  a  solution  of  gnm^loc  and  carbon- 
ate of  sodiuH). 

THtolyl-voaonllina  or  Total dlae-blue,  C**H"N»  =  C*H'«(C*ir)'N'  (Hof- 
mnnn,  Ann.  Ch.  Pharm.  cxxxii.  290). — Produce*!  by  heating  the  acntnte  (or  divt 
aaJt)  of  rosaniline  with  twice  its  weight  of  toluidine  (bcnzylftmine).  The  reaction  a 
precisely  similar  to  that  by  which  triphenyl-rosnniline  is  nbtHincd  - 

Large  quantities  of  ammonia  are  evolved,  and  a  brown  metalliC'Shininf*  mjuaiv  obtained 
which  dissolves  in  alcuhol  with  deep  indigo  cnlmir.  This  product  is  ocetat*  of  tniolyl- 
rosaniline.     When  treated  with  alcohohc  aumonini  and  subaeqaentlj  with  water,  it 
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ytr\A»  tbe  bue  from  which  T&rioiui  s&lu  diaj  b«  prepared.  TheM  mIu  re«eml>lo 
^050  of  tripheDyl-roBaDilLDe>;  bat  thtj  Are  more  aoluble  and  more  difficult  U)  cr)'«tAl' 
!i8«.  The  hydrochloratf  crystalliset  from  boiling  alcohol  in  snmll  blue  crjisuU  inft^lu- 
ble  in  boiliug  watrr,  and  faring  vhpn  dried  at  li)0°  th«  pornpoaitiDn  C*'H'"N'.HCL 

Thfr  taltA  of  tritol^l-rosanilme  vhen  eabjfcicd  to  dry  distiUation,  undergo  a  decom- 
position similar  \o  thut  of  the  salts  of  triphenyl-ruaauiline,  jieldiug  pheuvl-lol vl- 
amine  (CH»)(C'fl')HK  (p.  45i). 

ToiyUdiphniyhroaaniUn,  C»H'«(CH>)«(CT1')N».  appears  to  be  obtained  as  a 
hjdrate  by  heating  phenjrl-toljhiminc  with  mercuric  chloride. 

▲nllln«*3rellow  or  Chryaanmn^,  C^H''N'. — This  colouring  mattfr,  which 
differs  frutii  rr/Miiiiilioti  bj  conlaioiug  2  atoms  of  hjrdrogi^a  less,  is  obtained  as  a  bye- 
product  in  tht^  prf  naration  of  aniline-red.  When  the  rraidue  from  which  ifao  rosanUine 
nas  been  extracted  is  submitted  for  some  time  to  a  current  of  steam,  a  quantity  of 
chr^'ssnilin^  pusses  into  solatioD,  and  is  precipitated  in  the  form  of  a  difficult!/  soluble 
nitrate  on  adding  nitric  acid  to  this  solnrioa.    (Nicholson.) 

Cbrysaailine  in  \hf  free  state  is  an  amorphous  yellow  powder,  like  recently  precipi- 
tated chromale  of  lead,  nearly  insoluble  in  water,  but  dissolring  readily  iu  aJeohol  and 
in  rther.     It  forms  two  series  of  cr)'»taUisable  salts,  muno-acid  and  di-acid. 

The  di'Ocid  kydrochltiratc,  C**U"N'.2HCl,  is  formed  as  ascalj  precipitate  on  adding 
cono<>ntrated  hydrochloric  acid  to  a  rolution  of  the  base  in  the  dilute  acid.  Itdissolres 
easily  in  water,  less  easily  in  alcohol,  and  not  at  all  in  ether.  It  forms  a  hydrate  con- 
taining 1  atom  of  water.  It  do(«  not  lose  weight  between  100°  and  120°,  but  when 
heated  for  a  fortnight  to  160° — 180^  it  is  converted  into  a  yellow  crystallino  powder 
of  the  neutral  salt  C^H'^N'.HCL  which  is  Roruewbat  less  soluble  in  water  than  the  acid 
salt  It  aniten  with  tetrachloride  of  pUtinum,  forming  a  ckli/roplatiuatc  which  ciys- 
tallisos  from  a  dilute  solution  m  lai^e  beivutiful  tablets. 

The  nitratea  of  chrysaniline  crysUillifO  with  the  grcMtast  facility  in  ruby-red  needle* 
which  are  so  sparingly  soluble  in  wttter  that  a  solution  of  nitrate  of  poto^siom  contain' 
ing  only  I  grm.  of  nitric  acid  in  a  Htrf,  imme<lialely  yields  a  cryHtalUns  precipitate 
on  addition uf  a  chrj'winiline-salL  The  neutral  nitrate,  C"H"N".NHO',  is  obtained  by 
boiling  chrysuDiliuti  iu  excess  with  diluto  nitric  acid;  and  the  solution  of  this  salt 
mixed  with  cohl  coucentmted  nitric  acid,  yields  the  acid  nitratUf  C^U"N'.2NII0',  in 
eiTstals  resembling  fejrioyaLnide  of  potassium  and  deconiposible  by  water. 

Sulphate  of  chri/faiiiline  is  easily  soluble  and  difficult  to  crystHlHse.     (Hofmann.) 

Chiysaniline  and  itsailts  dye  silk  and  wool  a  splt-ndid  golden-yellow  colour. 

Schiff  (Ann.Cb.  Pbarm.  cxxrii.  342),  by  trituriting  uniline  with  2  pis.  of  potasiae 
antimunate  or  stanauto.  and  supersaturating  with  liydroclduric  acid,  obtained  a  scarlet 
colouring  matter  suluble  in  othiT-iLlcohul,  and  turming  with  hydnxihloric  acid  a  salt 
which  crj-stallisfd  from  ether  in  luminse  rescnibling  canthoridcs,  and  yii-lded  with 
alkAlis  a  deep  yellow  tiocculent  body  capablu  of  imparting  a  permanent  yellow  dye  to 
■ilk  and  wuol. 


Compounds  deriTnble  from  ammonium,  NH',  by  the 
substitution  uf  phenyl  or  derivatives  of  phenyl,  &c.,  for  eqoinileut  quautities  of  hydrogen. 

I.  Phmylammoniums  c^mtaininff  only  Aicohol^radielet, 

All  the  salts  nf  nniline  and  its  deriratires  described  in  the  preceding  pages  may  Ui 
regarded  cithrr  as  compounds  of  ammoniu-molecules  with  acidsj  or  of  ammonium-molr^ 
cules  with  salt-radicles :  c.  g, 

{C'H'')H'N.HC1  -         (C*H»)H"N.a 

llyclrochU^raie  of  Clilorideof  ptn-njl- 

pheriyUmlnc.  ■mmonloni. 

(CH>)(C-H*)'N.irNO»     »        (C«H»)(C=H*)-nN.NO" 

KJtraleoriUtthj'l-pheQfU  Nltr^tf  of  .liorhyl. phenyl, 

ntninf.  ammoniutti. 

(C'H'ClNj'.n^SO*  =         (C-H'CIN  j'SO' 

pkenj  lamioe.  phrnylatnmonium. 

But  there  are  certain  oomponnda  which  cannot  be  formulated  as  compounds  of  phenyl- 
amines  with  acids,  but  niupt  b«  rrgnrdetl  either  as  phenylrtmines  combined  with  com- 
poundeLbers(alcohoUe  sulphates,  iodides,  tS^),  or  else  as  siUls  of  phenylammoniums:  e.^. 

(OH»)(C'H"XC'HMN.CH»I         -         (C*n»)(C*H")iC»H*)(CH')N.I 
Hrthyl-lodate  o(  (•itiYi-snylo.  ludldc  ')f  "tftliO-r-ihtl  an))lo- 

pt.eiijUmlitQ,  ptMoyUmmooluiD. 

The  latter  Tiew  affords  the  best  explanation  of  must  of  their  n-actiuns. 
The  iodides  of  theee  pbcnylammouiums  in  which  the  whole  of  Llic  hydrogen  ib 
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replaced  bj  aloohol-ndides,  Rre  obtniiu'd  hy  benting  k  fertiaiy  pb«>nrliii&tiu  vitliiB 
•leobolic  iodide  in  scaled  tubes;  thus  diethTtanilme  (CH'XCH^fN,  beatfj  viUi 
iodide  of  cthyl»  yiolda  iodide  of  triethylo-phenyUramoniTim*  The  iotlidw  limi  otitaitti 
vhen  treabpxf  with  moist  oxide  of  ailrer,  yield  the  corresponding  hydrate*,  vhiei  m 
fltn)ng  ulk&line  bas«s  like  hydrate  of  tetrethyLimmoninin  (iL  661),  and  cancot  U  d»- 
tillwi  without  docompoeition ;  the  hydrate  treated  witli  acidly  yif^ldji  varioo*  uUi. 

Triethylphrnylammonium,  C«H=»K   -  (C^»XCW*)'>*-      (Hofm»a«,A^ 
Cb.  Pharm.  lixix.'ii.)— The  ki/draU,  C'«iI"N'.H.O.  fonns  a  bitter  sUudiae  Mto&a 
which  when  eraporated  and  distilled  ia  resolred  into  wat«r,  elhyleae,  and  dMd)i>  1 
aniline: 


(C«H«)(C?H»)«N. 


The  chforidr,  C"H"NCI,  crystalliscB  with  modcraU  facility.  Tlje  cUtrrvptakM^  I 
SC"H'*NCl.PtCl*,  is  a  lif>ht-yeUow  amorphoui  precipitate  yery  sligbtiy  aoUblc  is ' 
WMter,  insoluble  in  alcohol  and  ether. 

The  ioditU  is  acrystttLline  maM  obtnincd  by  heating  a  mixtare  of  dietl&TU&fline  «ai 
iodide  of  ethyl  in  a  se;iled  tube  for  two  boura  at  the  hcut  of  the  wmter* oslh,  and  !»• 
moving  the  excess  of  ethylic  iodide  or  diethylaailine  by  dintill&tion. 

The  suipkaU,  nitrate,  and  oxalate  crysUUue  readily. 

Mftkyl*rthyl-amylo-phen\fl-ammonium,  C"IJ«*N  «  (CIPXCH'XCT'^ 
(OH")N. — The  hydrate  yields  by  diMlillation  water,  ethylene  g«s  and  me0^1-«s^ 
aniline: 


((?K»XCH«XC«H"XC»H")N|  Q 


H»0   4    cm*  +   (C*H»XCH'XOH"]5. 


The  cyorophtinote,  2C'*H"NCLPtCl\  is  a  light  coloured  non-crystalUne  pnefpitiU 
Tbc  iodidf  ubtaincd  by  hcHticg  ethyl -amy  loniline  with  metliyUc  iodide  is  ci^atalliseaid 
Soluble  in  water.     (Hofmano,  Ux:.  cit.) 

Ethyl'triphtnyUmmonium?  -  C*"H*^  =:=  {Cm^)\CW)N.      (Seep.m.} 


2.  Phmyi-ammoniumM  containing  Mtialg. 

Aniline  unites  with  MTeral  metallic  «aJtfl,fonniDg  compoonds  which  Tti«^ 
as  wdta  either  of  niPtaU<>-pher»ylftminfS  nr  of  mrhdlii-phenylainmnriii 
mt'rcuric  chloride  it  forms  ihp  corapetind  2C*H^N.Hg''Cl'     —     C'"H'  =  n_ 
C"H'*Hg'N».Cl*,     The  general  formula  of  these  oompounda  is : 

M<*)   )  M*" 


tn  whioh  M<°^  denotes  an  «-atomio  m<'tal.  and  X  a  monatomic  SAlt-radicle  mdk  as  H. 
TfO",  Ac,  X'  being  of  course  replaceable  by  X*,  X"  by  Xi-'^  &c.* 

AirmioiirT  -  OOKPOUKCM.       ddoridt    of    TriphenylstiboniuTn,      SCH'N.SbQ* 

Sb*"    fN'.Cl'^  is  obtained  by  besting  aniline  with  dry  antimonioDS  chloriday  or  If 
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adding  aniline  to  a  solutinn  of  the  chloride  in  benzene,  aa  n  white  cryrtiinise  mast, 
whioh  ia  soluble  uuly  in  tmiliuu  tiud  bepamtes  therefn>m  in  alender  needles.  It  ii  de^ 
romposwl  by  wat(>r.  and  is  converted  into  a  double  salt  by  hydrochloric  aei<L  It  mdls 
at  80**,  solidifies  apu'n  in  lon^;  needlett  and  is  partially  decomposed  by  distiUsiiaa. 
(H.  Schiff,  J.  pr.  Obem.  Ixxiix.  22ft;  Jnhresb.  1863,  p.  413.) 

Iodide  of  rn>)Ae«i//vir/Aoni«M,&c,Sb''(C*H»)*H«N'r.  ia  produced  in  like  msnocr  (« 
100^ — 120°),  and  separates  from  the  exceea  of  aniline,  in  yellow  needles  which  ar»  or- 
composed  by  boiling  with  caustic  alkalis,  yielding  aniline,  antimonions  oxide  and  iodi^ 
of  potasaiom. 

AnsB.'Cic-COMToi'yn.    Odnride  of  TViphfJtylargonium.  3C*mf.A»Cl*  =  Asr{ClPf 
H*N"C1".  ohtainod  in  like  manner,  i8cry8tidlin»»,  mclta  at  about  90°,  and  distils  vithuot 
decomposition  between  205^  and  210°.     It  is  somewhat  soluble  in  water,  with  vf«T»- 
tion  of  arseuious  ncid.     The  corri«poading  Mdidt  is  not  altered  either  bv  cold  mtrr  { 
or  by  dilute  Rulphuric  acid  ;  but  lK>iJing  alcobol  dfleornposw?  it,  yielding  bydriodat*  «if  I 
iodaulliae,  {TUf.  iiniliuu  jind  brown  flock.s  of  proto-iodide  of  arwnic  (Schiff^  /ue.  at):  I 
AsCC-nVIfN'I"     -     OHMNHI   +  aCH'N   +    A»L 

BisxirrH-coMPouNDS.      Chloride  t>f  TViphenyl-burnvthomum,    3C*H'N.BiCl» 
•  InihpprnffAl  rorrrutk  ffivrn  nn  p.igf  t)i.  ||ii  |i  prronrtHuIr  prhtlml  iMUadofH^; 
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Bi'*(CTT*)*H'N*CI\  ifl  a  fuflible»  indiBtinctJy  crystalline  moM  which  is  very  elowly  d«»- 
Cumposed  by  wuter,  and  tume  violet  when  beatad. 

Auiliof  mixfHl  with  aqaeoofl  chluhde  of  bicmath  formfl  a  pmdpitAU  coamstingai 
CH^N.BiClO.    (Schiff.) 

CAJ>acnni-<x>MPOuyDS.    Resemble  the  zioc-comptrandB  (ii\fra\ 

CoPFlll-coMPOuKD.  SuipkaU  of  Phmyl-cupr ammonium ^  2C*H'N.Cu'^0*  ■• 
Ctt*'fC'H')*H*N*.SO',  18  ohtainftd  aa  ft  given  czystallinA  proripitate  on  addiu^  cnprie 
oalpnatA  to  a  solution  of  aniline.  Boiling  voter  decoinposoB  it,  sulphato  of  aniline  dia- 
84iWing  and  a  basic  ralpbute  of  copper  b^ing  dcpofntcd  (Gerhardt).  Aniline  forma 
with  cupric  cUlorido  a  aimiUr  prectpitate  which  soon  turns  bluck(JJofDianQ). 

MaaciTBT-coin'OinnM.  Chhridt  of  Diphtnylmercurammonium,  2C*HT>MIg*Cl*  ■- 
Hg''(OH*)*H*N*Cl*,  Bomeiimei  called  cMloromercurats  of  aniiine,  is  precipimlwi  on 
adding  mercuric  chloride  to  an  «xoe«a  of  alroboltc  aniline.  It  ia  a  nacreooa  prE«ipitatM 
which  niust  be  colk'-cted  on  a  fiU»>r  and  waahM  with  a  small  quantity  of  alcohol.  It 
sires offa  small  quantity  of  aniliiip  orcn  at  60",  and  toma  yellowish  (Gerhnrdt, 
yVrtiY^,  liL  86).  According  ti>  S  c  h  i  f f,  it  docompoMS  at  100°,  yielding  aniline-rwl  and 
a  similar  rnd  product  is  obtained  by  hrriring  aniline  with  mercuzous  chloride  to  160°. 
[Probably  the  aniline  used  coaiaiued  toluidme  (see  p.  409).] 

Another  menmry-salt  containing  C'»H'*Hg''N»Cl«  2Hg"Cl»  or  2C»H'N.3Hg"Cl«,  riMt 
to  tho  Burf&co  as  a  pasty  mass  when  aniline  is  mixed  with  [excess  of?]  nqu<y>ua  eor- 
rosire  sublimatf? ;  on  mixing  the  alcoholic  solutions,  it  ia  precipitated  in  the  form  of  a 
soft  white  powder,  which  soon  becomes  crystalline.  It  must  be  washed  with  wuter. 
When  boiUd  with  wat«»r,  it  turns  lemon-yoUow,  with  erolution  of  ft  small  quantity  of 
aniline,  and  partial  solution  of  th  e  salt,  which  crystallisee  out  without  alteration  on  cuuUng. 
In  asniall  ouiuitity  of  hot  hydrochloric  acid  it  dissolves  partially  and  melts  into  a 
hoary  red  oU;  in  a  large  quantity  completely,  and  yields  white  cnrstalson  cooling.  In 
cold  water  it  dissolves  very  sparingly ;  slightly  also  in  boiling  alcohol,  ft<om  which  it 
crystallisee  on  cooling  (Hofmunn).  Of  the  same  comj>osition  also  are  probably  tho 
needles  which  Gerhardt  obtained  by  further  addition  of  corrosiTe  sublimate  to  the  alco- 
holic liquid  filtered  from  the  preceding  salt,  and  which,  when  boiled  with  alcohol, 
yielded  an  orange-yellow  residue  ftnd  a  dork  yellow  filtrate,  from  which  a  mixture  of 
colourless  and  orunge-yellow  ciyitals  were  deposited  on  cooling. 

Ci/anide  of  Dip/unyimtrcurammonium,  2(Ml'N.Hg"Cy*  -  Hg''(C*H')TI*N»Cy«. 
separates  in  long  needles  on  mixing  anilina  with  a  bot  aqueous  solution  of  mereurie 
cyanide.  It  melts  Tory  easily,  and  is  easily  rceulred  into  aniline  and  cyanide  of  mer- 
cufT  at  80"^.     It  is  not  decomposed  by  alkdis.    (Schiff.) 

The  corresponding  iodide  is  obtained  by  double  decomposition,  in  yellowish  lamiLoe, 
and  is  converted  into  a  red  colouring  matter  at  100°,    (Schiff,) 

The  nitrate^  Hg''(C^*)*H*N*.2N0',  is  formed  on  mixing  aniline  or  nitrate  of  aniline 
with  mercuric  nitrate,  aa  a  white  precipitate  which  becomes  crystallbe  in  contact  with 
dilute  acids.  Whon  heated  with  wat^r,  it  gives  up  nitrate  of  aniline,  and  is  converted  into 

white  pulTcnilent  nitrate  of  dipkenyl-divifrcurammonium^  flg*^C*H»)*H"N*.2N0'.H'0, 
and  this  by  the  prolonged  action  of  boiling  water,  is  conyertea  into  nitrate  of  diphcnt/l- 

tnmereurammonium,  flg^C^')'N'.2N0*.H'O.     (Schiff.) 

Nitrate  of  Phtnyl-mercura»ammoniu7ru  Hg(C*H*)H^.NO',  is  formed  by  treating 
aniline  with  mercurous  nitrate ;  it  is  crystalline  and  easily  decomposible.     (Schi  ft) 

PALLADTTTM-coiffPotrxD.  Chhridj'  of  Diphmyl'palladammonium.  Pd'*(C'H*)*H*lPCl*, 
is  formed  on  udding  palladious  chloridr  to  water  containing  aniline  in  suspension,  as  a 
light  yellow  crystalline  precipitate,  insoluble  in  excess  of  aniline.  A  simihtr  precipituto 
is  formed  with  polladious  iodide.     (Oerhardt.) 

Tix-COMPOUHDS.  Chloride  of  MphenyUtannoaammonrum,  Sn''{C^*)*H*N'.CI*,  is 
formed  as  a  slightly  soluble  crystalline  mass  on  mixing  aniline  and  stannoui  chloride 
in  eooivalent  proportions. 

Chloride  of  Tttraphtiyhiannicamnonium,  Sn"(C^'')*H"N*Cl",  is  produced  by 
strongly  beating  an  intimate  mixture  of  2  at.  aniline  and  1  at.  tetrachloride  of  tin,  or 
by  dropping  amlineint^  a  solutionof  the  tfltrachloride  in  benzene.  It  isawhilecnrHtal- 
line  powder  which  ie  decomposed  by  water  with  separation  of  stannic  oxidet  wh<»n 
heated  even  in  a  stream  of  dry  carbonic  anhydride,  it  is  resolved,  according  to  Schifl| 
into  aniline,  ammonia  and  rosanilino?  (see  p.  469). 

Zixc-coBCPorKDS.— CA/ortAr  ofDirheJiyt-ztncammonium,  Zn''(C?'H*)'H*NK!l*  crystal- 
lifies  in  obhque  rbcmbic  prifsms  easily  soiuble  in  water  and  in  aleohol,  and  pesolred  by 
prolonged  boiling  into  anilino  and  chloride  of  zinc.  The  ehloroplatinat*.  is  a  gnuiulo- 
cr^'slaliinr  talL    The  bromide  and  iodide  reaembles  the  chloride  in  corof^osition  and 
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propfitiM.      The  ntfpktiUy  Zn**(C»H*)'n*N».SCH,  is  more  soluble  and  wetwm  to  tf» 
pr<^{<iirntion  of  tli**  preceding  salttf  by  double  df^ompoBttion.     (Schif  £.) 

THWam^Amm^  C"H*  «  C«HVC*H".  (ToMena  and  Fittig,  Aaa.  Ck 
PliHrm.  oxxxi.  313.) — A  hydrocarbon  formM  by  the  action  of  Mxlimn  on  a  nnstl 
broinobcnzene  (broniide  of  phi'Dyl)  and  bromide  of  amyl,  diluted  with  benzMM. 
action,  which  is  attended  with  cuDtnderable  rise  of  tempemture,  i*  eoon  coxnpletoi,  I 
if  the  mixture  bn  then  distilled,  a  colonrlew  liquid  is  obtained,  containing  paenyl-aajl 
together  with  traces  of  free  amy]  and  phenyl,  and  the  bencene  naed  for  dilution;  ao<l  W 
a  tew  rectifications,  coUecting  apart  the  hquid  which  paaMs  oyer  At  193^,  tha  phc^ 
amyl  may  be  obtained  pun*. 

Phenyl-atnyl  is  a  traiiKparent  colourless  liqoid  baring  a  pocnliar  odour  not  b'ke  thtt 
of  benxen«.  It  boiln  at  195°  and  has  a  specific  gravity  of  0*850  at  12^.  By  oxidatioa 
with  chramate  of  potassium  and  Mulphuric  acid^  it  ia  00DTert«d  into  bcnxoic  acid. 
Ckforine  attacks  it  slovrlr,  with  evolution  of  hydrochloric  acid,  and  uJtimaS«iy  oooverti 
it  into  a  viscid  mass  which  exhibits  no  trace  of  crystallisation.  By  Jumi%g  nitric  aeidit 
is  converted,  with  great  erolotion  of  heat,  into  nitrophenyl-nm  r I,  C'H'^KO'jk 
which  separates  aa  an  oil  on  addition  of  water,  and  cannot  be  distilletl  without  t* 
position.  A  certain  quantity  of  dinitrophcny  1-amyl  is  however  always  for 
the  siiinc  time,  aod  in  greater  pi^portion  aa  tlie  temperature  ia  allowed  to  riaa  1 
Kitrophenylamyl  ia  easily  n^accd  by  tin  and  ht/droehhric  acid,  yielding  i 
form  of  a  white  flucculent  pivcipitate,  which,  on  ttxpoaore  to  the  air,  quicUji 
dark  blue  colour  :ind  dccomposea, 

Phenyl-amyl  dinsolves  easily  at  a  gentle  heat  in  very  etroug  or  in  fuming  stdjAari$  I 
tuid,  formin|[  a  sulpbo-acid,  C''H**SO',  which  when  neutrsliaed  with  Wsytii 
carbonut*.  yields  a  harium-»aU,  C"H'"Ba"S'0*,  crystalliaing  with  grr&t  fiMxlitr  is 
lonjj;  capillsiy  lilky  needles,  sparingly  soluble  in  cold,  somewhat  more  eoluble  ia  hot 
w.ildr.  The  poCoMsiuut-Mtit^  C"H'*KSO',  preparwl  from  th«  barium-aalt  by  doable 
doottmpoflition.  formfi  a  radio*CTyf<tiiUine  mass  very  soluble  in  water  and  in  aloohi)!. 
The/r«  a^nd  separated  from  the  hiirium-Kalt  by  ftulpburio  acid,  aolidifiea  in  vacuo  le  • 
r)i<liii-crTftt;illine  mtiHS,  which  ddiquejici^a  vry  quicklr  on  exposure  to  the  air,  bat  fcmu 
n  cn-Kralline  compound  with  a  larger  quantity  of  water.  It  is  a  very  stable  comprmad. 
melts  when  beat4*d,  and  decomposf«  only  at  a  much  higher  temperature.  ItJ  aquras 
solution  may  be  boiled  for  a  long  time  and  eTsporated  to  a  thick  syrup  without  deoina- 
{fosition.  On  adding  chhridt  of  harivkm  to  a  dilute  solution  mixed  with  hydrochlovie 
atid.  the  large  needles  of  the  bariuro-ialt  are  deposited  in  a  few  seconds.  01  onitfi 
of  niilcium  forms, only  in  a  concentrated  solution  of  the  acid,  a  precipitate  whidk  dis- 
polres  on  henting  liie  liquid,  and  separates  as  it  cooU  in  shining  cry»lallio«  seaW 
Kttratf  of  stiver  forma,  even  in  a  eomewhat  dilute  solution  of  the  acid,  a  white  precipi- 
tate which  dissolves  in  hot  water,  and  crystalliites  therefrom  in  large  shining  needles 

cwo* 

PHEinrx-AMZSAnnDS  or  AntManilidf,  C'lCNO"    «  C*H*      >N. — Obtained 


I 


by  tht*  aclinii  nf  i-hlorido  of  ^initiyl,  C*irO*Cl.  on  aniline.  Crystallises  from  alcohol  ia 
slender  ueedlea  which  sublime  at  a  gentle  heat.  (Cahours,  Ann.  Cb.  Pbys.  [3j  xxiiL 
363.) 

vnmtrrL^AUBKK/kMia   aczs.     C«H"AsNC>"    »  (AaO)"'  yZ^  or  perhaps 


A^07jg. 


H      3 

dlises  fron 
a.  Cb.  Pby 


(A!iO'/>Q  (B6ehamp^  Compt,  rend.  Ivi.  1172).— When  the  product  obtainfd  by 


boHting  arsenate  of  aniline  \h  treated  with  a  solution  of  w>dic  carbonate,  carbonie 
anhydride  is  evolved,  and  a  viscid  precipitate  is  formed,  cunsisting  of  anilic  and  culunr- 
in<;  niMters,  and  the  filterrd  solution,  when  evaporuled  and  mixed  with  nitric  and, 
depiisits  phenyl-ar-enamtc  iicid,  which  may  be  render«»d  colourless  by  crj-stallisaiiim 
fmra  water,  with  additiun  of  animal  charcoal.  It  is  decomposed  by  heut,  rlip^dr*^ 
wiihiut  nltcnitioa  in  alkalis,  but  is  decomposed  by  fu^on  with  alkalis,  into  aniline  ami 
diiulkaline  arsenate  :  it  d>>composea carbonates,  fiirmingi!ryMjUliiie  salta.  Tbe<o</i»A- 
*a/t.  C*H^AsNO',  and  the  potAissium-aalt  crj'-itallijte  in  reetAnguljir  prisms  ;  Uie  barium- 
taltiti  oblique  prisms.  The  siivtr-*aU  ia  anhydrous  and  likewise  cryalalliaable.  Th» 
lead-  riTidcopjMr'xaffji  ure  bulky  precipitates. 

PHXH  >l*"BElfT.Alwrnas.     Auiid«Bf    containing   bensc^l    and    phenyl   or  its 

df^rived  rudiclce. 

Phenjl-bensftmlde  or  BouzanlUde.  CII"NO   =^  CTI^oIn^.     (Qerhardt, 

H     i 
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Ann.  Cii.  Phys.  [3]  xxxriL  327.)~Produce(l  by  the  action  of  chloride  of  bentoyl,  or  of 

b^nxoio  anhydride,  od  aniline : 

CrH»oa        +        OH»H».N      -        (C^MCCH^OHT?      +     HCL 
(C'H'O)«0     +     2(C*HMP.N*)      -     2[(CTl»)((rU»0)nN]     +      H'O. 

Thi«  product  obUinwl  by  pither  of  these  n»artion»  is  washed  with  waUr  and  the  residue 

is  puriSed  by  r<-cr}stulliefttioa  frum  builiug  alcoboL 

Fhenvl-ljeDziimidecrystaUiaeflinsbinhigKalefiniolubleiDwat^.    Heated  with  melting 

jHitaAh,  It  i^retfolvrd  intotiniline  andbtiasoateofpocaseinm.    When  healed  with  ehloriac 

4fJ'  hi  vj'^yi^  it  given  utfbytirochloric  acid  and  Uconrurtedioto  phenyl-dibenzamide. 
Phent/l-nitrohimatniilt    or   Hitrohetuanxltde,    (C*H')[C'H'(NO«)0]HN,    Hp- 

pc-Hrt)  to  he  fomiml  1:y  the  uiMion  nf  aniline  (in  chlonde  of  nltrobenzoyl  (i.  568).     The 

action  is  attoodud  with  gretit  ritt**  of  tHmperutun;  and  erolution  of  Iiydrocblorie  acid, 

and  the  prmjuct  is  a  8olid  body,  whicli  crvKtailiaea  from  alcohol  in  ahining  needleflL 

(Bertagnini,  Ann.  Ch.  Pharni.  Ixxix.  260*) 

Vtaeayl-dlbenmamlde  ur  BlbenmantUde,  C**H'*NO*  =>  /qtx^sqv)   N.     (Oer- 

hardt  and  Chiosza,  Corapt.  rentL  nxvii.  90.)— Prepared  by  betting  phenyl- 
benziunide  with  chloride  of  bi^nzoyl,  removing  tbtt  excem  of  (he  latter  with  carbonate 
of  •odium,  and  rocrystitllisiug  the  residue  firum  boiling  alcohol.  It  forms  slender 
eluoing  nredlcfi,  aomctimes  grouped  in  rounded  grains.  It  ia  but  slightly  soluble  in 
cold  alcohol  of  onlinary  streu^^th. 

niphenyl-benumlde.   C'*H'*NO     =     ^^'u!o(n.     (Hofmann.   Ann.    Ch. 

Fharm.  cJLxxii.  166.1 — Pruduced  by  heating  chloride  of  benzoyl  with  di  phenyl  amine. 
(t  'y»  )i  tliiclc  oil  which  solidifies  in  the  crystulline  form  on  cooling.  By  washing  with 
water  und  recrystallifmtion  fjrom  boiling  alcohul,  in  which  it  is  but  alightly  soluble, 
it  is  obrnined  in  tiue  cryotals. 

When  treated  with  cold  nitric  acid  of  ordinary   strength,  it  is   converted   into 


phenyl-nitropheoyl-beDsamid 


cia  ot   ordinary   stre 

cni»        ) 

e,  C*U'(NO«)  >N,  a 
CH*0        > 


light  ynllow,  easily  crystal- 


liitiiig  compound,  which  diseolrca  with  scarlet  colour  in  alcoholic  soda^  and  ia  thereby 
resolved  into  benzoic  acid  and  splendid yelluw-red,  neutral  nevdles  of  phenyl-uitro- 

phenvlamine  or  DitrodiphecTlamine,    C'H*(NO'):N. 

H  ) 

If,  on  the  other  hand,  diphpnTlbenaaraide  be  treated  with  the  Rtrongeflt/umt«^  nitric 
eeid,  a  solnLinn  is  formed  from  which  water  precipitates  n  deep  yellow  crystalline  mase 

cfjimifiting  of  dinitrodiphenyl-benzamide,      ptipU  i^,  which  dissolree 

in  alcoholic  potash,  forming  a  fi/>lution  of  a  splendid  crimson  colour,  which  on  addition 
of  wat«>r  deposits  a  yellow  crystalline  powder,  while  potiusic  benzoate  (?)  remiuna  in 
solution. 

The  yellow  powder,  when  erTstalliiied  ftom  alcohol,  yields  reddish -yellow  oeedlea 

with  blue  metidlic  reflex,  consisting  of  dinitro-diphenylamine,'-    jj^        '■*  JN, 

rtaenrl-tolrl-benxamide    or    Vbenjl-beossrl-ttensamlde,  C'*H"NO     » 

C'W    5n.     (Hofmann,  Ann,  Ch.  Pharm.  cxxxii.  293.)— Produced  by  the  action  of 

chloride  of  benzoyl  on  phenyl-tolylamine  (p.  464).  The  action  is  brink,  and  the  pro- 
duct remains  fluid  for  a  long  time,  but  when  treated  with  wafer,  alkali,  and  alcohol,  it 
ultimately  solidifiee,  and  when  dissolved  in  boiling  alcohol,  separates  in  well-developed 
rry^it&lR  which  are  more  soluble  than  diphenyl-bensamide. 

i'h^'nyl-tolyl-benBamide  is  mor<'  easily  attacked  by  nitric  acid  than  the  diphenyl- 
eoTupound,  On  ireaiing  if  wifh  ordinary  strong  nitric  acid,  the  rryetala  immediately 
bf«^me  fluid ;  and  if  the  addition  of  nitric  acid  be  continued  till  they  diwolve,  and 
water  be  then  added  to  the  solution,  a  yelloWeryHtulline  precipitate  is  formed  couaistiog 

CHINO^)] 
of  dinitrophenyl-toljl-beDEaraidoC'H'^NOMxN,  which  crystallisea  fromboil- 

C*fl*0    ) 
ing  aloohol  in  umall  yellowish-red  needlps.    This  compound  di^solvea  with  faint  carmine 
colour  in  iilcoholic  M>da,  being  ihenhv  deprived  of  its  benzoyl-atom,  and  converted  into 

C'lP(MJ»n 
dinitrophenyl-tolyl amine,  Cai'(50»)vN. 
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DiiiitTCphpny!-tolyl-lwtiE.imide  trwited  with  rrdncing  agent*  i»  couTcrted  Into  ^Utk 
compound  vkich  ci^sttilliftfs  in  beautiful  white  Qoedlm. 

Vuming  nitric  acid  convertu  ph epyl-tolyl-benni m Mw  into  ft  nitrated  amiikvli^ 
RppeuTfi  to  cont;iin  6  at.  NO*. 

VBKVXZr-asvxoT^  C"H'»0  -  C"H»C*H'0.— Thi«  bodj.  tie  krtaoe  4 
beuxciic  acid,  has  been  iLlrettdy  deacribed  aa  Bemzonb  or  Bncxopasorovs  ^L  Ml^  k 
waa  disoorered  hy  P^ligot,  and  baa  been  fanber  txaiained  by  Chancel.  an4  t»- 
contJ^b7Linnemann(Ann.Ch.  Fharm.  cxxxiiL  1).  Itcrystallise*,  aeeorlingtoilai. 
lift),  ID  orthorhombic  prianu  exhibiting  the  combination f^ao  .  Pto  •  «cP.  ^Pao.P.oP, 
Hmio  of  principal  to  i«condnry  axes  =  1  :  u-8496  :  06536.  Anglea  oQp  ;  »P  « 
8(»**  42*  and  99-  18*.  It  meltB  ut  48*  to  48-.V  and  boiU  at  iSS**  tinder  a  prMSBmrf 
0741  mm.  (compare  Chancers  delerminatiunfl,  i.  662).  Vapour-dcoaity,  obi,  =  OH 
(Linnemann);  calc.  (2  Tula.)  »  6'2H. 

Itonrophenuno  Iicattn]  with  exrewi  of  hromtu  in  aMil<*d  tnbea  to  160°,  IB  eoomttA, 
witb  sepunitiou  of  hydrobromic  acid,  into  a  brominatcd  comp-jand  containiitt  41't9 
per  cent  carbon,  208  hydrugen  and  5*2  18  to  6223  bromiiip,  probably  tnervfec* 
C"H'»BrK)"  which  w^oirw  4110  carbon,  197  hydrogen,  6270  bromine  and  4-11 
oxygon.  It  ditwolves  in  lK>iling  alcohol,  and  Beparates  on  cooling  aa  a  su>v-«fai|i 
ailky  masa  composed  of  microscopic  needles.  It  roelta  at  126°,  caxiDot  be  diBtim 
without  deoonipoaiiion,  and  yielda  with  sodinm-amaigam  an  oil  free  from  braniiia 
(Linnemann.) 

Bcnzophcnono  treated  in  alcoholic  solution  with  wlpAuric  aeid  and  simc,  is  eoavnlid 
by  the  naacaot  hydrogen  into  beneopinucono,  a  sabstance  related  to 
in  the  same  maimer  aa  pinscone,  CH'H)',  to  acetone: 

2O*H«0     +     H'       -      C^H^*. 

BAUtophpnone.  Bontoplnaceo*. 

The  benaomnaoonc  ia  rery  slightiy  eoluble  In  alcohol  and  ia  deposited  on  the  nae  in  I 
the  form  of  a  white  cmst  (see  PwAOoifB.) 

When,  on  the  other  hand,  bonxophenone  dia»o1red  in  alcohol  ia  treated  with  $odnam' 
amaii/am^B  different  reaction  takea  place,  resulting  in  the  fonmitiou  of   benxhydro^ 

0"H'*0  =  g  [  0,  a  monatomic  alcohol  capable  of  excbang;iDg  ita  typic  bydivgea 
for  alcohol-  and  acid-radidee: 

C"H'»0   +  H*     -     C'H'K). 

Benabydrol*    This  body  ia  sparingly  soluble  in  ttatfr^  1  part  of  it  reqairiag  fcr 

aolutioD  2^)00  pts.  of  water  at  20^;  bat  in  alcohoL  ftker,  chlam/orm,  brfisme  artutpkiig 
Iff  carbon,  it  diaaolvcv  with  fiicility,  and  crystalliBes  ther«>fTOin  in  gronpa  of  slender  al^ 
needlea.  It  dissolres  in  alkaline  liquids  more  easily  than  in  pure  water;  a  concentntrd 
solution  of  caustic  potunh  saturated  with  benzhydrol,  deposits  tbe  coroponnd  in  tb» 
crystalline  form  on  addition  of  wnter  or  ncutraliaution  with  an  and  BenabydnJ 
nie]t«  between  lti7'6°  and  168^  and  boils  between  297°  and  298°  under  a  pjwwua 
of  7 18  mm. 

Denzhydrol  heated  with  dilute  aqueous  ckromicacid,  is  rcconrerted  into  benaophMiaaa. 
Fnnimp  nitric  acid  eourcrts  it  into  dinitrobensophenone,  C'^U^NO*;**.).  wiiidt 
crytttalii^es  frum  boiling  alcohol  in  needles  having  s  faint  cbamuia-coloar  and  meltiBC  U 
129°  With  bromine  it  yields  dibromobenBhydrol,  C"H"BrH),  which  cTystsiSM 
ft-om  alcohol  in  u  light  mass  of  while  microscopic  needles  becoming  soft  at  alKiat  \S9P 
and  mt-lting  at  163^. 

Jk'uzhjdfx)!  is  resolved,  partially  by  distillation  or  by  heating  to  300*^  in  affiled  tatx^ 
and  completely  by  prolonged  boiling  under  tbe  ordinary  pressure,  into  water  aod 
bcnshydrolic  ether,  C«H«0     =     2C'"H"0    -   H»0.«     The  eame  di 
rcHuUiiig  in  the  Airniation  of  benxhydrolic  ether,  is  effi'ctodby  the  action  of  cl 
iodide  of  piiosphoms. 

B^VThydroiic  tiktr  separates  from  solution  in  boiling  alcohol  in  plnmoae  ta 
iniiTi'Scoptc  crystals;  it  disnolves  easily  in  t^mroM  and  separates  tiic*r«<fn3m  by  9n»> 
ttineous  evaporation  in  very  small  but  distinct  cryslala;  and  by  immersing  one  of  tMe 
in  the  iK)lution  during  eva{^>oration.  larger  crystals  may  be  obtained  which  exhibit  the 
form  of  monoclinic  prisms,  +  P  .  —  P  .  —  P^  .  (  obPoo  )  .  oepoo  .  Katio  of  cUn»* 
diiigonal,  orthodiiigonal  and  prini.'ipal  axes  ■■  06820  :  1  :  0*323.  Angle  of  inclined 
axes  K  81^  2>V.  It  m«ltN  at  lll^,  rf^maining  liquid  fur  a  long  time  after  cooli 
begins  to  volatilise  above  300^  and  boils  at  3 16"^  under  a  pn-asure  of  745  mm. 

*  TM»  Is  tbc  Ant  known  imttMticp  of  thr  conreriloD  of  a  mooatomic  oScobol  toto  the  con 
Atthjilriilc  ar  rther  bj-  tlj«  actiuo  uf  beat  akioa. 
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di<>«)Ires  in  fuming  nitric  acid,  tod  ui  docoropowd  thorebf  on  heating,  jidding  A 
mtrog(?Donii  product ;  aIbo  in  itrong  aulpkuric  acid. 

Brnihydrolic  EiHylaU^  C'H.*   [  ^'  ^  produced  bj  mudng  b  solution  of  bcnshydiol 

in  ab#toIutp  alcohol  with  ^th  of  its  Tolnme  of  itrong  vnlphoric  acid,  avoiding  riae  of 
temperulurt*.  and  leaving  the  liquid  to  it«elf  for  MTeral  daji.  Od  then  udding  water, 
thf*  cl])<>r  Heparutes  oa  an  oil,  which  mnj  be  puriBed  hy  washing  with  dilute  potaab  and 
with  vutcr,  and  mibneqiipnt  rectification.  It  is  an  ioodorons  eyrupj  liquid,  of  apfcific 
gravity  l-i)'29  at  'iO-*,  nnd  hoilinf^  ui  183''  under  a  pr««tiQre  of  736  mm.  It  is  strongly 
rrfractivc,  und  wh.*n  nrwij  pn'parcd  quit«  colourlcn;  but  by  exposure  to  diff\iMK]  day- 
lii;hi  for  some  time,  or  to  direct  sunshine  for  a  few  seconds,  it  becomes  colournl. 
aji[>earing  of  a  fino  grc^n  colour  by  reflected  and  faintly  yellow  by  traniimitted  light. 
Thr  colour  19  destmyt^d  by  Ipuriog  the  liquid  £nr  some  time  in  the  dArk,  or  by  gentle 
bi'itttn^,  or  by  agitaliun,  but  mny  l>e  restored  by  exposure  to  light.  Aiter  keeping  for 
u  few  months,  howerer.  the  colour  disappears  altogether,  and  is  no  longer  restored  even 
by  exposure  to  hright  snnflhirie.  In  either  Rtstn,  tJie  liquid  exhibits  strong  flnorescraca 
wlic-n  A  bf'tim  of  light  is  transmitted  through  it  in  a  dark  room,  the  emergent  light 
Ning  of  a  bn'ght  light  blue  colour.  Benzhydrolic  ethylate  diasolvea  in  twenty  tiraea 
its  Tolumv*  of  alcoKd  of  80  per  cent.,  and  in  all  proportions  of  tiKer  and  bensenf.  It  ia 
not  filtered  by  diitiUation  with  concentrated  bydriodic  acid.  When  fns«i  with  potask 
it  givpf  off  a  gas  burning  with  a  smoky  flame,  and  in  couTerted  into  an  acid  which 
is  prtHripitntcd  on  neutralising  the  alkali  with  hydrochloric  acid,  but  redissolvea  with 
facility  in  caustic  potash  or  carbonate  of  jtotassium. 

Brnzhydrolie  Ac(f(ttf,C^B^*0*  —  C"H"  \^' — P*^^"^  ^7  ^*^"8  benxhydrol  for 
several  hours  with  glucial  aeetie  arid.  It  is  precipitated  by  water  and  purified  like 
the  preording  compound.  It  is  an  inodorous  viwid  liquid  of  specific  gravity  1'49  at 
20**,  colourlewi  when  first  prepan*d,  but  iiffrrtwl  by  light  exactly  in  tht  same  manner 
AS  the  ethyl-compound.  It  remains  liquid  at  I/jO",  boils  at  301 — 302°  under  a 
pressure  of  73 1  mm. ;  dissolvee  easily  in  alcohol,  ether,  and  hensme,  Alcohciic  potoih 
aecomposee  it,  eren  at  ordiniiry  temperatures,  into  acetic  acid  and  benxhydroL. 

BmehydroUc  Bmsoate,  pniTu  [O. — Produced  by  fusing  3  pta.  benzhydrol  with 

2  pTa.  benzoic  acid,  continuing  the  heat  till  the  masa  begins  to  boil  quietly,  diiwolring 
the  cookd  product  in  ^ thcr,  ogitAtlng  with  potash,  and  eraporaiing.  The  residue  is 
then  pulverised,  washed  with  alcohol,  dissolved  in  ether,  and  the  solution  is  mixed 
with  an  equal  volume  of  alcohol  and  left  to  evaporate.  This  compound  is  not  produced 
by  (rmting  benxhydrol  with  chloride  of  benxnyl,  which  indeed  acts  just  like  chlorido 
of  phoephomn,  producinK  nothing  but  benzhydrolic  oxide. 

Benzhydrolio  benzoat**  forms  trimetric  crystals  in  which  the  principal  is  to  tha 
•ecoudarj  axea  as  1  :  0'4770  :  06682.  They  arc  usually  fuur-nidixl  prisma,  «F,  with 
ftoglea  of  51**  and  129^,  and  terminated  by  a  bmohydome  Poo  with  an^es  of  07^ 
30'  and  112°  30'.  It  mtlts  bf>tweoQ  87*6*^  and  69'^:  dissolves  easily  in  ether  mxlA 
hmxme^  sparingly  in  coM,  more  eaaily  in  hot  aleohoi.  It  in  decomposed  by  dtatillation, 
leaving  a  caH^ooaccouH  rpsiduK  and  yiflding  a  distillatf  contnining  beusoic  acid,  ben- 
sotc  anhydride,  sn  oily  body  slightly  soluble  in  cold  ulcolinl.  and  a  small  quantity  of 
a  hydrocarbon,  C**!!**.  By  eraporation  with  alc*>hA.tc  jmtiuh'aolutiim^  it  is  completely 
resolved  into  benxoic  acid  and  benxhydrol. 

Benthydroiic  Succinate^  C*H*«0*  .  {o'H^i*  1  ^*  -^*~^»»ced,  simiUriy  to  th* 
preceding,  by  fusing  an  intimate  mixture  of  30  pts.  benxhydrol  and  9  pts.  sucanio 
acid.  It  separates  from  boiling  alcohol  as  a  very  light  ma.<«  of  small  shining  scales  ; 
meltf)  at  141'^— 142^,  and  solidifies  on  cooling  to  a  transparent  amorphous  mass, 
immediately  becoming  crystiilline  when  gently  heated.  It  is  insoluble  in  vat^r^ 
sparingly  soluble  in  cold  alcohol,  ether^  and  hmsmf,  more  easily  when  heated.  It  bums 
with  a  smoky  flnme,  leaving  no  residue.  By  alcoholic  ■poituh  at  the  boiling  heat,  it  is 
completely  retiolred  into  succinic  acid  and  benxhy<lroL  By  distUlatitin  it  is  partly 
r<f<olvrd  into  succinic  acid  and  a  hydrocarbon  C"H'*,  which  may  be  called  bens- 
hydrolene: 

C"H"0*     -     C*n*0»  +    2C"H". 
Another  kind  of  decomposition  appears,  howrver,  to  take  place  at  the  eame  time,  for 
the  qunniity  of  Ixn/hjnrolene  obtained  is  hot  small,  and  it  is  accompanied  by  a  con- 
siderable qunntity  of  an  oily  product 

Tn  prepApe  benehydroleoe,  benzhydrolic  succinate,  or  a  mixture  of  succinic  acid 
and  brnzliydml  in  repeatedly  disi'lUd ;  the  semisolid  dintillnte  is  freed  from  liquid 
products  by  cold  alcohol,    from  succinic  acid  by  potash,   and  from  undeoompoied 
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Ttcnih^rdrolir  KU(!cinntc  bj  tr>'atmpnt  vitii  slcoliolie  nntMh,  and  tha  residoal  pnAaoi  ii 

,  cr)'stnlli8od  from  Iwilin^  hrnzooe.     It  is  also  pruaaced,  u   alrea(^  obaerrsd,  fc^tb 
I  di'v  di.itillutioD  of  bcnxlijdrolic  bonzoiit«. 

1      'H.'iiEhj<lr*^l'*no  ni'^ltfl  ut  209°— 210^     It  is  nrHrlvitiMlnbl*  in  cold  aleokol^t^v^ 
Ithchtly  Aulsble  in  lK>jling  alcohol,  from  which   it  is  d'>po«il>^d    in    rauUl  dmAs  ^ 

riKtlin^.     It  dissolrci  »p&ringly  alao  in  ether,  but  cm^iiy  in  hot   htTtstntt  vbneft  a. 

trytftu\\i»c^  for  tho  mcNit  part  od  cooling.      It  does  aot  oombui*  with  piene  lel 

(Lir  uoniaiiii.) 

PBSWTX-aswzyjLABnva.     Sjrn.   with  PaxirTX/-Toi.TXAMi3ra,    oe  Totxv 

VBEimi-BEirZTliSir Altcxms*  or  ntber  Dn-Kxsncx-DiBKincTxaan-liluon  m 

t»irnK>"n.-iHToi,Ti.KN-EOiAMiXR.  (C'n*)*(C'n*)=N'  (8oe  page  -ISS). 

rBSim.-S&0»KXaiIESATZV.     Se«  pHSXTL-fVESATlsts  ({x.  4S5). 

C'"H'"NO  -  CH»    VN.   (Gerh»rdt,Ain.CtJ 


J 


PBBN'TZ.-BVTT&AlkSZBi:. 


H    > 


Pliy«  [S]  ixxriL  329.) — Produced  by  tho  action  of  aniline  on  butyric  Anhydrii* 
obloridc  of  buf,\TyL  It  is  insoluble  in  water,  but  easily  soluble  in  alcohol  and  ttko^' 
Mn<l  crystallises  hom  wmIc  boiling  spirit  in  1)pautiful  nacrtKiua  laminm.  Il  OMlti  it 
90^  and  disciU  without  alt^rution.  Ii  is  scarcely  attacked  by  boiling  potaah-UgTi  ^ 
gives  ofTnititiDe  wIh'Ij  fusfd  with  hydrate  of  potassium. 

PB2am..CAKaA.MZC  AOZa.     See  Carbuiic  Acid  (L  761), 

PHEIff'n.-CABBAMZSZIS.     See  Casbuqds  (L  755). 

PBSmn-CETTXAMZVB  or  OtylantliiK.     (See  PRsinrt.AJU?ns.  pi  460.) 

PBBNTXi-CBXiOBXlttBSATXlff.     See  PnsmrLiyssATDfS  (p.  485). 

PBEinrXr-CHZiOKOC7AirA])SX]>B«      See  PHKXVLAXIJrXS  (p.  442)l 

PBSJrrX.-CZinrAMZ9S.     Sci>  Cinnamidb  (i.  989). 
PBEiTTXt-ciX&AcOBAiilZSas.    S^e  CtTRAcoNic  AcTT>,  AvTOKA  op(l  99S], 
PBBBirii-CIT&iUKZBIIS.     See  Crraic  AoD,  Akid&s  09  (i.  1000), 
PBZnrrir-BZiUlfnnBS.     See  Pksxtijiiuivks  (p.  454). 

PB BB iria£lf&     C'llV — A  liquid  bariag  this  composition  and  boiJizig  at  91' 

fouriii  l>y  ChnrL'h  (p.  410)  among  the  products  of  the  aistitUtioD  of  phenyLic  chlorids 

with  sodiuai-umalgnni. 

PB8BTX.BBZ-l>XAMnrB.     CH»N»   -    ^^?  [n*.  (Hofmann,Proc.Eoy. 

8oo.  xi.  618  ;  xii.  639.) — This  base  is  obtained  by  the  action  of  reducing  agents  at 
nitmniliue : 

(>H*(NO«)N   +   H<     -     C^«N«   +    2H»0. 

and  exhibits  the  isomeric  modiflcalions  a  and  3.  according  as  it  is  produced  from  •-  fl> 
0-nitraniline. 

Alphs-phenylene-disTnine  is  easily  prepurd  by  the  action  of  ferrona  Acetate  CBS- 
nitmniline.  or  by  tlio  prolonged  action  of  the  same  migent  on  dinitrobenEene,  thst 
compound  being  conrertvd,  flrst  \nUi  nitrrmiline,  and  then,  by  a  continuation  ocf  the 
samu  actioOf  into  phcnyleac-diumine  : 

C«H*NO«  {  C*H*NO»  \  C*H<NH*  } 

NO»j  NH'{  NH»J 

DtnltrotM^irne.  NilrAnlliite,  Ph«tiyliniv»dl;tmliM. 

The  BubfttAnre  '■ailed  semibenxidrim,  which  Zinin  (J.  pr.  Chem.  ir*^"  44) 
obtained  by  the  prolonged  action  of  Milphide  of  ammonium  on  dinitrob«axfO«;.  soioe* 
times  in  bmwn  fl^ikf^,  sometimes  as  a  yellow  resin,  exhibiting  the  composition  OH*Jf', 
was  propal'ly  imjmre  a-iihenylene-diamino. 

Ik'Tu-plif^Dylonodmrninn,  the  product  of  the  rt^dnction  of  /3-nitraniline  (obtained  froB 
nitTophenyl-acetttmide,  &c.,  p.  418),  may  also  be  prepared  by  two  other  processsi^  m, 
a.  By  the  action  of  ferrous  acetate  on  dinitrsniline : 

h.  By  the  action  of  ziiii*  nnd  snlpburic  acid,  or  other  powerful  reducing  agents,  on  dini- 
tnizubeuiwuo  (i.  478),  or  dipheoine,  Cn*N'(ii.  336),  which  is  the  first  product  of  Ifai 
same  kind  of  action  on  dinitruzobeuzene: 

+    6H»     =     4H«0    + 


I 
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Dlphenlne. 


IP 


P 


diaiDini'. 

Propfrii^s. — AlphA-phcnjrIpDe-diiimiDe  whea  fresbly  distilled  is  a  aliglitly  coloured 
bravy  oil  which,  like  aniline,  baa  a  tendeocy  to  fuuame  a  brown  colour  on  ex^xwura 
to  tbe  air.  It  oft'PD  remninit  liqnid  for  dayit,  and  then  eradu&Uj  solidiBea  to  t  mass  ot 
crystiUtf  which  become  hnrd  and  white  hy  washing  with  ether.  It  nie!ta  st  63*^,  boila 
at  Hf-ar  287*^,  and  di«tils  without  decompottition.  It  is  very  solable  in  ipatrr  and  Ja 
alcoh'M,  furming  solutions  which  hsTo  a  distinctly  olkaUno  reaction ;  muck  less  aolabla 
io  riMcr. 

Beta-pbenjlene-diamine  cryNtiilliffRs  much  more  rea«lily  than  the  o-base.  It  melts 
at  140^.  boiU  at  ^67*^.  Hiid  subliraes  sreu  below  iU  boiling  point,  in  splendid  crysLailine 
plates  re^fmbling  pyro^tiKc  acid. 

A  solution  of  0-phenylt*Di>KiiAminQ  in  sulphuric  acid  mixed  with  peroxide  of 
gaueso  yields  qainone^  which  distils  orer  on  heating  tbe  mixture  and crystallifies  in 
the  receiver : 

C-TrN»  +   2ff«0*   +   Mn"0»    -    Ofl*0*  +   Mn"30*   +   {NH*)''SO\ 

^-phrafl-  QuiDOoa. 

•ae-dttiaine. 

Alpha-phenylone-diamine  when  nmilarly  treated  erolres  a  faint  odour  of  qmnone, 
but  does  not  yield  crystals. 

Both  modifications  of  phenylene-dinmine  are  di-acid  and  form  salta  which  crystallise 
easily  and  well.  The  ^-salts  are  more  soluble  than  the  o-Bulta.  jS-phenylene- 
diHinine  and  its  salts  arn  n^mHrkable  for  the  fncilify  with  which  they  are  converted 
into  Tiolet  and  blue  compounds  under  tlie  influence  of  oxidising  agents,  such  aa 
chlorine,  bromine,  chromic  ueid,  ferric  and  platiuic  chloride,  fee  The  Halts  of  Imth 
modifications  are  etu^ily  (ieoom['0»ed  by  the  fixed  cauHtic  ulkalis,  the  3  batic  crystulliHiii^ 
immediately,  whereas  the  a  buse  oepamtes  in  oily  globules  which  only  gradually 
aohdify.  The  base  i^  also  sepamted  from  its  salts  by  ammonia,  bnt  redisaolves  in 
excess,  forming  a  snlution  which  gradually  turns  brown  and  decomposes.  This  muy 
perhaps  explain  why  the  diamine  cannot  be  coDTeniently  obtained  from  dinitrobcax«ne 
by  redurtion  with  sulphide  of  ammoniam. 

Utfdroehlorati  of  a'ph^^lnt'diamine,  OH»N'.2HCl  or  (OH^fH'N'Cl*  is  rery 
•olnble  in  water,  bnt  cn-^tallises  easily  frum  concentrated  hydrochloric  acid.  The 
fi'kjfdnchlorate  is  also  extremely  soluble  in  water,  sparinglr  in  hydrochloric  acid,  and 
eryBtalUses  in  large  prisms.  The  a-chlitropiatinair,  C*H"K"Cl*.Pt"Cl*,  crystallises  in 
splendid  needles.  The  0-saIi  of  the  same  oompontion  forma  light  yellow  plates 
extremely  soluble  in  water  and  easily  decomposed  by  beat. 

The  fi'hpdrv/jromair,  (?H»N'.2HBr,  resembles  the  hydrochlonite  in  erery  respect. 
The  a-hydrohrornatr  and  a-hf/driodate  separate  immediately  in  crystaUine  roaaset  oo 
bringing  the  base  in  contact  with  tho  rospeclive  acids  ;  thev  crystailiae  splendidly  from 
water  and  more  especiuUy  from  alcohol.  The  uitraU^  ojaiate^  and  nUpkttU  also  crys- 
tallise welL 

Both  a-  and  j9-phenylene-dismine  are  readily  attacked  by  the  alcoholic  iodidea.  By 
alternate  treatment  with  iodidr  of  methyl  and  oxide  of  silver  (or  distillation  with  soda) 
lwio6  repeated,  and  one  more  trtjatmeDt  with  iodide  of  methyl,  each  base  yields  a  well 

crystallised   iodide  contaiaing  C"H«N«P    -    ^^g*||"jN».2CH"I,  or  iodide  of  hex- 

mpthyl-phenylcoe-diammonium  [  (CH'W  ^'J*^'*  crystallising  in  plates 
extremely  solubln  in  water,  less  soluble  in  alcohol.  It  exhibits  the  same  properties 
whether  prepared  from  a-  or  fW)m  j3-phenylene-diamine,  excepting  that  the  3  compound 
is  the  more  soluble  of  the  twa 

Intermediate  oompoundii  may  of  course  be  obtained  by  stopping  tlie  action  at  an 

earlier   stage.       3-tetnimethyl-phenylene-diamine,  ,„„,.,  jN',  treated  with  mcthylio 

iodide  yields,  before  beinp  converted  into  the  hexmethylated  compound  above  men- 
tioned, a  rather  diificultly  «oluble  pentumethylated  iodide  containing  C"H**N'I   -■ 

ScH"?*  J^'CH'^i  *°*^  ^^^  *^«°  treated  with  hydriodic  acid,  is  converted  into  tho 
di-iodide      of     peDtamethyl-phenyleDe-diammoDiam,      C"U"N'I'      «» 

r(C-HT  !ifi-p 

Dtrivativet  of  Phmyiate-diamine, 

OTltrophenylene-dlunlna.    C*H'N"0«    -     f^^^*^^l"|N».     Asopkmyli 
Vol.  IV.  II 
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(Gottlieb).  Kitnuo}>htnyUnimf  (Gerh«rdt).— This  cornpotiod.  di*coTCi«ii  ly 
Gottlieb  (Ann.  Ch.  Phurra.  Ixxxr.  27),  is  produced  by  the  »ction  of  •olpUdaflfa. 
monium  ou  dinilmnilino : 

C^»(NO»)'N   +   3H^3     «     C*H7JK)»  4    2HK)    -*-   S». 

When  dinitraniline  ii  boiled  for  about  two  hours  with  a  large  exeesi  of  sohoinQf 
•alpbide  of  ammonium,  the  liquid  ucquires  a  dArk  red  coloar^  and  the  crrMall  vd^i- 
tmailine  disappeur,  being  ancciNidt'd  by  a  network  of  dalicat«  shintafi:  dark  redMcdia^ 
which  grmduallv  increafle  in  quantity,  and  are  likewise  abundantly  deposited  aftvtkt 
action  u  completed  and  ilip  linuid  has  cooled.  The  compouna  ia  obtaiDed  pon^ 
precipitating  it  from  the  hydrochlorate  or  oxalate  purified  by  sereral  gyigaThMtwi>^ 
aod  UieD  recryiitalliinng  it  two  or  three  times  from  not  alcohol 

NitrophnDylene-di amine  crystalliMi  in  groups  of  long  slender  ne«dlee  haTios  a  i£^ 
red  eolour  when  diy,  and  exhibiting  a  golden  iridescence  on  their  broadff  fiwn 
When  separated  by  ammonia  from  a  satarated  solution  of  one  of  its  aalta,  it  Iska 
the  form  of  a  dull  brick-red  powder;  but  dilute  solationi  deposit  it  in  vmaU,  nddiiib- 
yellow,  shiniBg  pUtos.  It  meUs  at  a  high  temperature  ana  rolatiliaefl  in  great  pin 
without  decomposition,  forming  a  wooUy  tfublimat^.  When  auddenly  heated,  it  exfdoda 
slightly,  leaving  a  residue  of  charooal.  It  diBsoWea  readily  in  water,  alcubcl  lad 
ether,  forming  deep  red  solutions. — Mrout  acidconm^M  it  into  asonitropbtsj* 
lenic  acid  (p.  484). 

It  combines  with  acid^,  forming  mono-acid  salts  which  are  deeompoeed  by  water  saj 
by  alcohol,  with  separalion  of  the  baae  :  hence  in  preparing  them,  it  ia  Deceastijio 
let  them  cj^-stallise  in  presence  of  an  ezcew)  of  acid. 

Sulphate  of  Sitrr^ph^ylnie-diarnine,  (C«H^N'0«)*irSO*,  is  obtained  by  diMohuf 
the  base  in  warm  dilute  sulphuric  a>Tid,  and  sepamtes  on  coo4ing  in  yellowish  irsli^ 
having  H  fatty  hutre  and  containing  8*20  per  cent  sulphur. 

K  mixture  of  the  itohition  of  this  salt  with  sulphate  of  alumina,  doea  not  yidd  asj 
duublo  salt  when  left  tu  eTuporate. 

Th^  HydrochloraU,  CH'N'O'.HCLH^O,  may  be  prepared  by  boiling  the  c«d«  bve 
with  diluttf  hydrochloric  acid,  which  disaolvps  it,  leaving  only  a  reeidue  of  mlpharaA 
a  secondary  product  of  ii  dull  gr^cn  cr^-stjilline  aspect,  part  of  which  ala 
the  solution.  To  frpp  the  salt  completely  from  this  impurity,  it  must  1 
diesolved  in  boiling  dilute  hydrochloric  acid  and  recrystallised.  From  a  coi 
acid  solution,  it  eepanttes  in  yellow inb -brown  needles;  from  a  dilate  aolotion  by 
tineous  eraftomtioD,  in  oblique  prisms  often  four  or  fire  millixnetrea  in  Iragtfa  coi 
united  in  groups.  These  crystjUs  exhibit  a  light  brown ish-gre'-D  coloxir  by  transmirtfd 
light,  and  a  peculiar  blue  iridescence  on  somi*  of  their  faces  by  re6ected  light.  Thtk 
acid  solution  hus  a  greenish-brown  colour.  The  cr^-5tals  contain  1  at.  water  whiet' 
they  give  off  at  100°,  or  in  vacuo  or  over  oil  of  ritriol  at  onlinary  temperatorfa.  MX 
100^,  however,  partial  decompoeition  takes  place  and  hydrochloric  acid  ia  given  n£ 

CAJoroplatinate,  2(e«H'N»0lHO)Pta*.— A  dilute  solution  of  the  hydroehlomn 
mixed  with  tetmchlnride  of  plHttnum,  does  not  yield  a  double-aalt,  the  plarinum  beiiif 
reduced  to  the  metaUic  state  (Gottlieb);  but  on  adding  the  chloride  of  platioun  to 
a  concentrated  solution  of  the  hydrorhlontte,  the  rhlnroplntinate  ia  obtained  m  tipiw^'j 
long  brown-red  prisms.     (Hofmann,  Proc.  Roy.  Soc.  x.  499.) 

Cmnopiatinatf,  2(C*H'N'0MICy).?iCy*.|UK).— Obtained  by  adding  the  cryftJ* 
liied  hydrochlorate  of  nitrophnnylene-oiamine  to  a  boiling  aqueous  solation  of 
platinocyanide  of  magnesium.  The  solution  separated  by  filtration  from  a  naaU 
quantity  of  diirk  insuluble  matter,  gradually  deposits  a  mixture  of  the  cyanoptatiiMi* 
and  Ihc  free  base,  which  latter  may  be  removed  by  digestion  with  a  nnall  quantity  c^ 
dilute  hydrochloric  acid.  It  forms  Urge  laminff>,  having  a  light  brownisb-yeUow  celem 
and  strong  lufttrc,  und  giving  of  their  wiiter  at  112°.  They  cannot  be  rvcrystalliied 
fix^m  water  without  partial  deeoraposiiion. 

Kitratf,  C*H'N'0*.NHO'. — Warm  dilute  nitric  acidreadily  dissolves  nitropheoyleae> 
diamine,  but  tb&  solution  soon  acquiros  a  dark  colour  and  depoeits  flakots  indicatiB| 
partial  dccomponition.  The  pure  salt  raay  however  be  obtained  by  moiateoiog  thi 
Dase  with  water,  and  pouring  dilute  nitric  acid  upon  it  by  small  poilions:  it  it  tfan 
immediately  cnxiTerted  into  a  thic^k  magma  of  micaceous  scales,  which  may  he  ftarf 
from  the  mother-liquor  by  prewure  between  paper.  The  salt  thus  prepared  is  anhy- 
drous, and  may  be  Icept  for  months  over  oil  of  vitriol  without  losing  its  lustre. 

Oxalatr,  2C'H'N"0^C'H*0V— Obtained  by  dissolving  the  ha*e  in  aqueous  oxtHe 
acid.  From  conc^'ntnited  eolutions  it  separates  in  yellow  needles;  from  more  diivts 
GolntionH,  in  browQigh-yellow  prisms,  exhibiting  a  bluish  iridesoenee  on  ocftaiD  hem. 
It  is  anhydrous,  nnd  di.«eolvrs  hut  sparinply  in  cold  water. 

The  sulphate,  2OH'N>f)«JI'S0*,  is  obtained  by  dissolving  the  base  in  warm  dihie 
sulphuric  acid,  and  e^piuutes  <in  cooling  m  ^jcUowish  scales  having  a  Astty  luatra 
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OxalarophenyiajiUii4i 


(COT      1 
NrrROPHiNYLixi-oxAMii)!,  eH*NK)*  «  [C«H*(NO»)]''>N«. 

m       J 

MGotllieb).     Vitrazopiu-nffl-oxamidt  (Qerhardt). — When  nitrophenyleno-diamiue 
^S  diKHolred  ic  excetwof  oxalic  acid,  and  the  liquid  U  eTaporaUK)  over  the  iratar-batht  a 

owQiah-gro4>n  residuf*  is  ubtainpd,  Mosistiag  partly  of  nitropheDfleDe-oxidiaiiuo  acid, 

\  partlj  of  nitrophAnjrlene-oxAinide : 

CH'N«0».C»RK)*     -     H-0       -      CH'N'O*. 

AcM  ns.al.iLt>  nf  Mtro-  NUrfiphcO]rlen».oi:k 

pb«nylene-duimlii«. 


C»H*N"0* 


-     HH) 


dlamlc-add. 

C»H*N"0*. 

Nltrafihenylene- 


If  kept  for  some  time  at  lOO'^  it  is  almost  wholly  oonrerted  into  the  latter  oompoonda 
without  chaof^e  of  aspect.    (OottIieb»  Ann.  Ch.  Phann.  Ixxxt.  38.) 


NrruopHEXTLBXB-oxxDiAiac   Acn),    CH'N'O* 


H»[C«H»(NO«)]-)j^, 


}s: 


Oxaiato* 


< 

^ 


H 

phmylamic  avid  (Gottlieb).  Kitratopkenyf-oxamie  acid  (Qerhardt).— The  am* 
iDonium-salt  of  thia  acid  ia  obtained  by  treating  the  brownish-green  residue  above- 
TurntionKl  vitli  aqueous  ammonia.  It  is  sparingly  soluble,  and  crystallieps  from  aliot 
aqueous  aolutmn  in  yellow  needlea.  The  bartHm-salt,  C'*H"Bu^*0'*3H^0.  ia  ob- 
tained as  a  light  orange- coloured,  sparingly  soluble,  ciyitAUine  precipitate  on  mixing 
the  ammoDium-salt  with  chloride  of  oariam.  It  retains  3  at.  wttter  at  100^,  and  be* 
comes  anhydrous  at  160°.  By  decomposing  this  sjiU  with  hydrochloric  acid,  the  fret 
licid  is  precipitated  in  small  light-yellow  granular  crystals.     (Gottli  eb,  Ux.  cit.) 

(c-E*rj 

Axopli«n7leneHllanilAe»    C*E^'       »  N"     >N*    or   Diatobnuoiimide^ 

H      ) 

(C*n*N')  |y      (Qriess,  PhiL  Trans.  1864.  [3]  $82.)— This  compound  is  prodnced  by 

the  action  of  aqneons  ammonia  on  perbromide  of  axophenyl ammonium  : 

OH^N'Br'     +     4NH"       -       CWN»     -t-      3NH'Br. 

The  action  is  attend^  with  considerable  evolutjon  of  boat,  bromide  of  ammonium  passing 
into  solution,  and  azophenylene-diamine  separating  as  a  heavy  brown  oil,  which  may  he 
nearly  decolorised  by  repeated  distillation  with  water,  then  dried  over  chloride  of 
calcium,  and  fInaUy  reftistilled  under  diininished  pressure. 

AzophenjrleDe-diumine  is  remarkable  fur  its  nareobc  aromatic-ammoniacal  odour. 
It  ToUtiliaes  by  distillAtion  with  wat^T,  or  when  heated  in  a  vacuum,  but  on  attempt- 
ing to  distil  it  under  the  ordinary  Ktmntpheric  presAure  it  decomposes  with  explosiva 
Tiolent'e.  It  ia  not  wjlidifiwl  by  a  frigoriflc  mixture  of  nitre  and  sal-ammoniac  Alcohol 
and  ether  dissolve  it  with  some  diflHeulty.  Hydrochloric  acid  even  when  concentrated, 
and  aqueous  potiish  have  no  aclion  upon  iu  Strouj^  nitric  and  sulphuric  acids  dissdre 
it  withuut  deiL'ompositian.  Naacent  hydrogen,  generated  by  sine  and  bidphuric  add  in 
an  alcoholic  solutjon  of  the  diamine,  reduces  it  to  aniline  and  ammoaia: 

C»H>N"     +     H*      -      C^'N     +     2NH', 


(CH'Br)' 
AsoliromopIienj]«xie-dlamine,  ClI*BrN'    s        N*" 

H 


K*,  or  Dituobronto- 


hmsoUmidt,  (C*H^rN')">  j^     (GriesB.  PhiL  TranB.,lB64  [3]  700.)— Perbromids  of 

Mobromo-phenylsmmoninm  (p.  437)  is  converted  by  aqueous  ammonia  into  a  yellowish 
oil  which  by  a  Hin^le  di»'ti)]iition  with  water  rields  pure  azobromophenylenedi amine. 
This  compound  generally  forma  a  white  or  slicbtly  yellowish  mass  of  small  crystallins 
plntes  which  melt  at  2D°  to  a  beavy  oiL  It  is  insoluble  in  water,  rather  sparingly 
soluble  in  alcohol,  easily  soluble  in  ether  and  bencene.  It  distils  readily  in  prasenes 
of  water,  but  explodes  feebly  when  distilled  alone.  When  exposed  to  the  air  it  appears 
to  Tolatilise  gradually,  emitting  the  same  aromatic  ammoniaoal  odour  as  aaophenylene- 
diamine.  It  resembles  the  latter  moreover  in  its  behaviour  with  various  reagents  ; 
caustic  potash,  hydrochloric  acid  and  bromine  have  no  action  upon  it ;  strong  sulphuric 
and  nitric  acids  decompose  it  readily. 

Nascent  hydrogen  generated  by  zinc  and  snlphnria  acid  in  an  alcoholic  solution  of  the 
diamine  converts  it  into  bromaoLline  and  ammonia: 

C^<BrN»     +     H"       «       C^'BrN     +     2NH». 

ii2 


^ 
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PIIENYLEXE-DIAMINES— PIIENYL-ETHYL. 


By  Acting  tipon  pcrbromiile  of  nto1>romf'phpnylfl.mmoniQm  wifh   etbylwaine,  u2iy^ 
Acc.,  eomepouding  subetitutioD  pnxluctA  of  tuoiiroroupbeiiyleDe-diiuiuiie  are  nHinrd 

BM-msQ-bmmophenyttne-diainine^         N"      VN",  fimtui  a  yellowiib  oil  «Uib  4a« 

jiol  aoUdifr  ercn  when  cooled  much  below  O''. 

N"      ^N*,  forms  orange- jellow  ciTfUk 


AAOdibr  omophenylene-dl  axnlnet 


In*,  is  produced  bj  the  utua  4 


relloviiit  oil 
heaoakM^^ 


The  correBponding  pken^t-compound, 

C*H*    ) 
(C?H'JIr')' 
N" 
H 
tqncoiu  ammonia  on  p^rbmmide  of  Bzodibromi>>pheiiylammoniniii,  and  tStn 
«rjatiillijution  from  alruliol^  forms  white  nepiUtv  which  melt  at  62^,  and  d«totuit« 
at  a  hiffhn*  temprratuir.    It  \b  vrry  little  voluble  in  water,  more  aolubU  ia  hot 
eaulr  in  ether.    (GrieiiB.) 

(c*H»cir) 

Aaocblorophenylene-dlamlike,        N"      vN*,  formfl  easilr  fosibU  oyvtak 

H        j 

(CHnn 

Axo-lodo-pt&enjlene-illamiiie,        N"*      yS^,  fumu  T  eUoviah-wbite  cn<lik1 

H       J 
which  are  euilj  fusible,  and  pass  over  on  distillatioD  with  water  as  a  veOoviiit  oil 
which  ftoon  solidifies.     It  hus  an  aromatic  ammoniacal  odour  like  thatoi'tne 
compooiida  pr^vioiulj  described. 

[C*H\NO»)]') 

Aao-nltro-pbenylene-dlamlBe,  C*H*N*0'  «  N"       VN^, 

H  i 
hmcolimidf.  (0 ri  o »e,  Phil.  Trans.  1864.  [3]  708,  710.)— This  coinpoand,  Ukr 
lino  and  all  its  other  derirtitiTes,  exists  in  two  isomeric  modifications,  which  arrobtsAid 
by  the  action  of  aqueous  ammonia  on  the  peTl>roinidp»  of  a-  and  ^acoDitTopbaykia- 
moniun.  The  a-coropound  crystallise*  in  omrgc^coloured  needlea  which  mr\t  «t  Sf*. 
It  is  somewhttt  Holuble  in  hot  water,  from  which  it  crystaliioea  oo  oooling  ia  whitM 
DcMles.    It  hA0  somewhat  of  the  odonr  of  nitrobenzene. 

The  j3-comp')nnd  is  obtained  by  repented  cryHtallisation  frona  hot  alcohol  in  «wyb0' 
liant  yelloir,  rounded  platt-e,  wliich  are  so  solublo  in  hot  alcohol  that  a  satnrstea  toti- 
tioQ  deposits  a  magma  of  cnrstals  on  cooling ;  they  also  diaaolre  as  readily  in  etixr 
In  boihng  wnter  thoy  mult,  forming  a  yellow  oil  but  slightly  solublo  in  water,  the  di»> 
solved  cortion  yiflJing  vpr}'  fiuf,  almotit  white  crj'staXs  on  cooling.  The  erflliit 
obtained  by  rerr^'ftallieitttiun  from  alcohol  melt  at  71°,  a  t^mpenitura  mncfa  hi^tf 
therefore  tlian  the  melting  point  of  the  a-compound.  The  ^-compoand  explodes  As 
hented  a  little  abcTH  its  melting  point 

ABonltrophenylenlo  aold.  (Hofmann.  Proe.  Roy.  Soc.  x.  490.) — Thi*sfli4 
ittomoric  or  meUmfric  with  aionitrophenylnne-diamina.  is  produced  by  tbeactiaaoi 
nitrooB  acid  nn  nitrophenylenc-diamin^,  the  change  ronsistin^  as  in  otlur  taamU 
nitrous  Bubstitution,  in  the  replacement  of  3  aL  faydrogpn  by  1  at.  nitrogeo: 

C*U'N"0«   +    NHO*     -     2HH)    ■»-    C«(H*N")N»0*. 

On  passing  a  current  of  nitroutt  acid  gns  into  a  nodfrately  eoncontrated  solution  of  n^it» 
ofnitnizophenylenft-diamine,  the  Liquid  becomes  slightly  warm,  and  oncoolinjo;  depoiilts 
considerable  quantity  of  bril  iant  white  needles,  which  are  sparinglv  eolublp  ineill 
easily  in  boiling  water,  snd  may  be  purified  by  two  or  tbrf>^  recryst-allifwtiona. 

The  add  thus  purified  forms  long  prismatic  cryatala,  ofVon  interlaced,  white  atkqt 
as  they  are  immersed  in  the  Uquid,  but  assuming  a  slightly  ypUowish  tint  when  drii2 
especially  at  100°;  they  dissolve  readily  in  alcohol  snd  in  ether.  It  mMt^  at  311^ sa^ 
sublimes  in  prismatic  crystals  with  purtial  d»?ompoaition  at  a  somewhat  higher  Iia- 
perature.  It  is  remarkftbl^  stable  and  may  be  boiled  cither  with  potaah  or  with  bjdi»> 
chloric  acid  without  nndcrgoiog  any  change;  neither  is  it  decomposed  by  pMOf 
nitrous  acid  gas  into  thn  fLqnN>iui  or  aleohoUc  wlution. 

The  crytjtals  have  a  difltincl  acid  reaction,  and  diasolTe  at  a  gentle  heat  in  poC^oe 
ammonia,  without  however  ueuimlitiing  these  liquids.  The  acid  also  diaeolTca  Bslk^ 
linn  carbonates,  but  without  expelling  the  carbooic  acid.  The  ^tosnum-jo/i  eoslaas 
CH'KN'O',  and  th?  .»//wr-*a/r  C^II'AirN^O-. 

rRnTX-BZStTI.PHO-BXAlkCZC  ACI9.     Se«  StrLFKAMio  E- 

VBnrYX..BTHTX.  C'H"  =  C*H».C'H'.  (Tollens  and  Fit  tig,  Ana.  Ol 
Pharm.  rxxxi.  .llO.—Fittig,  ihid.  cxxxiii.  222.) — This  compound,  isonieTie,  bat  ae* 


i 


I 


I 
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id«aticftl,  with  xvlone  (7.  o.),  ii  obt&inod  by  the  action  of  sodium  00  •  mixtuM  of  bromo- 
brnzcne  (bromide  of  phenyl)  and  bromide  of  ethyl,  diluted  with  pore  ether.  Tho 
action  is  rather  energetic  and  requires  to  be  modurat<>d  by  rxtemaJ  oooling  Th**  duttilUte 
mt^er  being  fn^ed  from  ether  txioaiata  almoit  wholly  of  ph»nyl-«thyl,  wiui  only  traces  of 
fref  ethyl  and  phenyl 

Pheuvl-r  111)1  iit  a  coluurlesmnobile  liquid,  very  much  like  toIar*ne  and  boiling  at  133^. 
By  ozjdHtioa  with  chromotc  of  potoMinm  and  sulphuric  actd  it  is  convert*^!  into  ben- 
Kuic  acid  (xylene  tretitwl  in  the  same  manner  yields  tcrephthalic  acid,  C*H*0'). 

Brominf  acts  aluwly  un  phony l-etiiyl,  with  riae  of  t«^mptrmlurvand  evolutiuu  uf  bydro- 
bromic  acid,  and  forms  a  beuvy  colourless  traiisparfnt  liquid,  t>oiting  at  '2U0^,  and 
exhibiting  the  rompoKition  of  ronnobroniophen^'l-elhy I,  C"Il'Br.  Heated  in 
•ealed  tubes  witb  exL'T«a  of  bromine,  it  is  converted  into  a  heavy  ^-iecid  oil  coiisibting 
of  a  mixture  or' ►evernl  more  highly  brominaied  coni()Oun>is. 

l:*hen>I-ethyl  treated  vixh/umtng  nitric  acid  in  a  vewel  i-xtemiilly  cooled  ia  converted 
into  uionofiitropheny  1-et hy  I,  C*U*(N*.>*),  which  whoo  prt-^eipitaled  by  water  and 
purified  by  washing,  drying  ovrr  cb!-^^^de  of  calcium,  and  rectiti  uition,  fornin  a  light 
yellow  oil  bt'Hvier  than  wuter  aud  t>oiling  without  derompa'^ition  M  'Z'6Z^  (nilroxyk^ne 
IS  decomposed  by  distilhition).  It  ia  eatily  n'duced  by  tin  niid  hyiirvcUoric  act  J,  yield- 
ing  the  hydrochlorate  uf  a  b^tae  which  in  the  free  state  forms  a  colourless  oil,  turning 
brown  on  exposure  to  the  air,  bat  not  solidifying.  The  oxatate  of  this  bliM  cryatalliaet 
in  large  colourlees  ueedlett,  only  slightly  soluble  in  cold  water.  The  cJUoroplaiinois 
crystallites  in  shining  scales. 

Dinitrophenyl-ethyl,  C*H*(NO')*,  is  prudnced  by  heating  the  moDonitro-com- 
pound  with  nitric  iteid.  or  when  phenyl-ethyl  is  gradually  dropped  into  a  mixture  of 
2  vol  strong  sulphuric  and  \  toL  fuming  nitric  acid,  and  the  clear  iitjuid  is  gently 
heated.  It  then  srpnr.itefl  on  the  surface  as  a  yellow  oil  which  oiUDut  be  difttilled.  but 
may  be  puriHed  by  waabing  with  water,  iwlutioa  in  ulcohol,  and  drying  over  sulphuric 
acid.  It  then  fornu  a  light  yellow,  perfectly  transparent  oil,  which  dimnlr#Mt  in  boilii.g 
alcohol,  separatee  uJmost  completely  on  cooling,  and  is  docompoeed  by  distillation. 

Trioitropbenyl-ethyl,  C'H'(NO*)»,  is  produced  in  amall  qujintity  in  the  pre- 
paration of  the  dinitro-coropouad,  as  abore  described;  and  tiie  Utter  may  be  almost 
wholly  converted  into  the  Irinitro-compound  by  diiwciving  it  in  a  mixture  of  strong 
eiilphuric  and  fuming  nitric  acid,  boiling  thr>  liquid  for  an  hnur  wit-h  repeated  additjun 
of  fuming  nitric  acid,  then  adding  suf!)L:ifuL  fuming  nitric  acid  to  diHolve  the  oil  which 
has  risen  to  the  mirface,  leaving  the  solutiou  tu  iuntdf  for  21  honn,  and  then  pouring 
it  into  water.  The  Iriuitro-compouud  thuA  prrpared  is  an  uil  resembling  the  oinitro- 
compound,  but  Atill  more  viscid,  and  cxliibitiiig  no  traoea  of  crystalUsation,  even  after 
long  Btanding.  (Xylene  is  easily  converted  by  fuming  nitric  acid,  even  in  the  tsold. 
into  a  crystailine  trinitro-compound.)     It  is  reduced  by  eulphide  of  ammonium  to  a 

base,  probably  *•         ^    h«      [N',whichcrystjili««'«  from  boilingwaterinorange-yellow 

laminie,  and  fortDA  a  hydrochlcrafe  easily  soluble  in  water,  alL-ohoI  and  ether. 

Phenyl-ethyl  diimo]v«.-8  quickly  in  gently  h*'ated/Mm(n^'<M/;>A»ncffcni,and  thesolntion 
if  left  to  itself  for  some  time,  deposita  slender  colourless  needles  of  a  sulpho-acid, 
C*H'*SO',  very  deliquescent,  bnving  a  Plrungly  acid  and  bitter  taste,  melting  when 
1ieate<],  and  blaekoning  at  a  high'T  tempi'ruture.  The  BHme  solatitju  neutruliHt-i]  with 
carbonate  uf  barium  jielils  a  very  stable  iariw//»-aa//,  C'*H"Ba''S'0*,  which  cryslallisea 
in  beautiful  stellate  grcupn  of  flat  silky  needles,  moeh  less  soluble  than  sulphotoluylata 
of  barium  ;  it  duen  not  HufToruny  loas  of  weight  at  160^'.  The  calcium-$ait  of  the  aame 
acid,  C'*H**Ca*S'0*,  is  very  soluble  in  water,  and  is  obtained  by  spootaneous  evapor- 
ation OS  a  shining  translucent  saline  mass. 

PBXjrrXi-llTBTXiAMXWas.  See  £thtl-amiukB|  &C.,  under  PaaNTiAHXirM 
(p.  460). 

PB£im..l'OSMAMZI>B  or  70SBCAVZX.rDS.     See  FoaxAXiDK  (ii.  682). 

PHEirn*XC  ACID.    Syn.  with  I'uknol. 

TavurriMtum  op  bbitxoyx..    Syn.  with  PaBina-BiKSOTt  (p.  478). 
or  8iri^BOPKBVT&«     Bee  Svlpho-BEKZIDB. 


9 KE4V T f-^iacSS ATZW8.  Compounds  produced  by  treating  isatin  (iil  406), 
bromiHii,tin  aud  (^hluriaatip,  diaatdved  in  boiling  alcohol,  with  aniline  and  its  subcilitution- 
dcrivatives.  Their  relutions  to  imesatin  (lii.  246)  and  their  mode  of  formation  are 
•xhibited  by  the  following  equations: 

CH«JTO  -  Cm»NO'         +         NH"        -        HK) 

InciadD.  liaiin. 

C'*H^*N'0         -  C»H*NO»        +         C«H'N     -        HH) 


^\,  ^ 


"^E^ 
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-        WO 


-        HX) 


-        H«0 


-        ffO 


The  eoropotmds  thoB  formed  czyBtallis*  from  the  aloobolic  •olntion  on  oooUiig  morflf 
in  yrllow  or  orunge-jellov  needles.  Thej  are  insolnblfi  or  aporingly  soluble  in  vilii^ 
easily  soluble  in  hot  ulcoboL  When  Created  with  adds  u  the  boiUng  heat,  tbvr  ■■ 
resolved  into  isntin,  bromis»tin  or  chJorisatin.  which  i«  TiTe<npilat«<C  And  a  aalt  «f 
anilioe,  cbloraniline,  or  bromiiniline  which  remains  in  iolatioo.  With  alkalis  t^ 
Tield  a  soluble  isatate,  brun)iaatat«,  or  chlorisattite,  with  aeparalion  of  aniiinr,  bsoaam- 
line  or  chloranilino.     Isatin  troated  with  nilnniline  or  tribromaniline  does  not  yield 


PheDrl-tKom* 
Imratlln. 

" 

C»H*BrNO» 

BromUaUo. 

+ 

C-HTJ 

AoiUDC 

C"H»C1N*0 

Pd^nyl-clilor- 
imi'Mitn. 

■■ 

C^'CINO* 

ChlortuUd. 

♦ 

Amilne. 

Bromophenjrl- 
lireinllD. 

■= 

C»H»NO« 

ImUo. 

•4- 

C*H«BrN 
Broaunltlo*. 

ChloropheityU 

" 

CH^NO' 

UsUo. 

+ 

C?H«C1N 

Chlonnlllna. 

corresponding  compounds  (Engelhardt,  J, 


pr.  Chem.  Ixr.  260).     See  also  Gmtiu't 


PHSVTXt*XTACOVAI«IZI>8. 
-MA.XiAMIC  ACTS. 


t     See  iTAoomo  Aom  (iii.  485). 


See  Mauo  Acid,  Psmxtiatkd  Axnm  or 
(iii.  797). 
ras]rrz.-MSKCAPTAar.    See  PaxKn^  SuLPKTDAATm  of  (p.  418). 

PBJDrrXt-acaTaT&.     C'H*    =-   CH^.CH".     (Totlens  and  Fittig.  AnB.CL 

rhaxtn.  cxxxi.  3U4.) — Produced  by  the  action  of  wdium  on  a  mixture  of  bfooiobo- 
zcaif  and  bromide  of  methyl  diluted  with  pure  anhydrous  ether,  in  a  vcmbI  cxtenuiUr 
cooled.  The  dji*tillate  ia  freed  from  eth^r  Dy  heating  it  in  the  water-bath  to  60^,  sad 
then  rectified  two  or  three  times  in  contact  with  sodinm. 

FhenyUmethyl  is  a  tranaparpnt  colourlesfi  liquid,  nnelling  like  benxene,  baring  t 
•peoific  gravity  of  0881  at  S"^,  and  boiling  point  UP.  which  is  the  same  oa  &tX 
assigned  by  Wilbrand  and  Beilstein  (Ann.  Ch.  Phann.  cxxTiiL  259)  to  toliuB. 
In  fuel  phenyl-methyl  appears  to  be  identical  in  ei*ery  respect  with  tolarneobtain^froa 
coal-tar  (i.  674).  It  is  converted  by  fuming  nitrieacid  into  a  nitro-compouu'l  C'H'NO*, 
having  the  peculiar  bitter-almond  odour  of  nitrotolnene,  boiling  at  222° — Stt* 
(nitrotolaene  boils  according  to  Deville  at  22fi^,  according  to  Wilson  at  220°— 226»|; 
and  converted  hy  sulphide  of  ammonium  into  a  eryitalline  base,  C'H'N,  baring  all  the 
properties  of  ordinary  toluidioe  or  bf;nzylnmine  (i.  676).  Phenyl-methyl  diseolTrt  a 
faming  iulphttric  acid,  fomi'mg  salphotoluylic  add,  C'H*SO*;  and  (like  tolncDs) 
it  is  converted  by  oxidation  with  sulphuric  acid  and  ekromaie  of  j)ota$mm»  iioa 
benzoic  acid. 

In  its  identity  with  toluene,  phenyl-methyl  diffen  remarkably  from  pbenjI'Hbyl 
■nd  p}ieDvl-amyI,  the  former  of  which  ift  isomeric,  bat  not  identicoj  with  xylenes  tbs 
latter  with  cumcne. 


I 

I 


N*.     Iwraoic 


See  KxTHTLAinusni,  &c,  nndfir  Fxixix^ 
SONBS  ^p.  4S3). 

(csr 

cyR* 

rBBimr-lVAPHTBT&-8U&rBOCAXBAIICXI>B.       Qio^i 

H» 

or  identical  with  nilphocyanate  of  pheDyl-naphthylanuDoniuzD  (see  N  Ay  a  i  a  iaajpi, 
p.  22). 

yBBBTXt^MTTBOBiarTAIBTBB*     See  Pmim^BSKiaxtSK  (p.  476)» 

PB£B7Xt-OXAX.irBA]«II>S.     See  OxALtrBAiUDB  (p.  278). 

FBElffTb-OXAJaxe  ACZX>.     See  Oxajcc  Ethxbs  (p.  282). 

paBarrx-PBOSPBAaciC!  AGZ3».    See  Phosfbamic  Aaow 

FBBVTX-PaOSPBA»II>B.     See  FHoapaAMloB. 

PBBlrYIi-PBTBAliAllCXC  ACZD. 
PBBBT^-PBTBAXnCXVB* 


I 


See  Phthahc  Aon>,  Ajixi>b»  or. 
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^m     rBBvrs 

^H  or. 

^M      PBBim 


rBBirn.-VTBOTABTBAXU»B. 

OF. 


S«e  Pybotabtaric  Acid,  Ahidb* 


rBEim^fiii.i.xcTi.AjarDa.   Sm  Sauctlaiudbs. 

PBEB-YJ^SXTTirAMnrB.     .Sfe  StNTfAMIWB. 
PBBBYX-STBABAKCISE.      S4>0  StKA-UC  Aao.  AXZOM  OF. 


N 


PBEB"rX.-ai7BEBAl«XC    ACZD.  f      „      «,  .  . 

PBBimi-sticcxirAMXc  a.cxi>.\ 
i'Bz;xrn*-siTccz2TanEZDB.  I    Se«  Succnnc  Acid,  Amidbs  of. 

rHEB-VX-SUCCZBZXCXSS.  ) 

rBBBT£-SUl.PRAiaiC  ACZO.    See  SrLPHlMlc  Ktbxrji. 
Pa£BTI.-SUX.PBOCARBAMZl>£8.     See  CliRHUtUiU  (i.  7d6). 
PBBBXI-8UX.PBOPBCKVXAniII>B.     Ser  SULPHOPHKXTLAMIDB, 
PBBByii-^srapBVBZC  ACZS.     Sep  8uLnCUBIC  Ethbrs. 
PBBSnrX-StriiPBlTBOUS  ACZB.     See  SuLPHTBOUS  Etkxu. 

PBBBTXi-TABTRAnUC   ACXS.) 

PBBBTXt-TABXBAMXBB*  I    See  Tabtabic  Ach),  Ajodm  or, 

PBEBTX^TABTBIMIBE.  j 

PBSBT^-TBIOSZBAMZB'B.      See  TllIOSlKAMIirx. 

PBe]m.-TOZ.TXABIZBB.    See  pHSXTx-AMuna  (p.  4M). 

PBBBTXi-UBEAS.     5y>e  Carbahidb  (i.  765). 

PBBBTX-VATiBBAMTPBi     See  Valeruiidb. 

PBtXiXtiPSrrB.     Lime-htu-tnotome  (see  Habjiotoms,  iii.  13). 

PBXX.l.TaB3rnr.  C^'H^Or  (Bertngnini,  Ann.  Ch.  Pharm.  xevii.  109.)— A 
rcsJDouf*  gubnt.'iiii.'^  produced  hy  boiling  pliilJvriii  wi(b  dilute  hydrochloric  acid,  or 
better,  bv  the  lactic  fermentation  of  pbillyrin.  It  orystalliBea  readily  la  a  white  nacreoua 
iniftM.  Itifl  ii»ntiibl«  in  cold  toater,  very  IJttle  suluble  In  boilin)^  water,  but  dicsolrea 
tmaily  in  alcokoi  And  rthrr.     It  is  polymeric  with  ealigenin  :  C"fi'*0«    =    3C'H'0«. 

With  chlorine,  bromine  and  niCrie  add,  phillyD;enin  fomiR  iubstitulion-deriratirM 
aimilar  to  those  obtained  in  tike  manner  from  phillyriD  (De  Luca).  Monobr<fpkiUp* 
grnin,  C'H^BrO*,  crystalliseB  in  shining  needles. 

FBZXiX>TXXir.  C"H'*0".  (Cftmpona,  Ann.  Ch.  Pharm.  «iv.  242— Ber- 
tagnini,  ihid.  xcii.  109. — Df«  Luca,  loid,  czrili.  124.)— A  subatunce  contained  in 
bark  of  PHilli/rra  lati/ofia,  whf^nce  it  is  extract^-d  by  treating  the  aqueous  decoction  of 
the  bark  with  quick-lime  or  €xide  of  lead,  evapomting  the  filtrate,  and  leaving  it  to 
crystallise.     According  to  Df  Lu<-4i,  the  mutber-liquor  contains  mannite. 

Pbillvrin  is  white,  crystallieable,  inodnroas,  bitter,  sparingly  soluble  in  cold  water, 
more  60Uible  tn  boiling  wat^r  aud  in  alcohol  (CamponA).  1  pu  of  pbillyrin  dissolves  at 
9°  in  1300  ptfl.  wiit-er,  and  in  40  pta.  alcohol  (De  Luca).  It  is  nearly  insulubli<  in 
ether,  quite  insoluble  in  oils  both  fixed  and  volatile  (Campona).  It  melts  at  160*^ 
to  a  coloarlesa  liquid,  which  be^^na  (o  deoompoae  at  260''.     (De  Laca,) 

According  to  Bcrtiignini,  the  fonnuln  of  crystallifted  pbillyrin  is  C*'H"*0".3JH'O 
(analysis,  67-66— 67«»C  and  6-63—6-82  H;  calc.  57-75  C»  663  H  and  36*62  O). 
The  water  of  crjBtaJlisation  is  giTen off  between  50"  and  60°.  According  to  De  Luco. 
the  amount  of  water  in  pbillyrin  varies  sccordiog  to  the  humidity  and  temperature  of 
the  air,  and  it  is  all  given  on  at  ordinary  temperatures  over  snlpbarie  ftcid  or  in  a 
stream  of  dry  air.  PhUlyrin  melte  at  aboat  160*^  to  a  colourless  mobile  liquid.  By  boil- 
ing with  dilute  Aydroch/oric  acid^  it  is  transformed  into  phillygenin  and  glucose : 

C^H-^0' '     -t^     H»0       -       C»'  H"0*     +     C^^»0«. 
Phiriyrlo.  Phillygeiilo.  GIucom. 

It  nodergoes  the  same  transformation  by  lactic  fermentation.     Synaptue  bu  do  letlon 
upon  it.     (Bertafi:nini.) 

Sulphuric  aeifi  first  di^.'s^dves  it  with  red  colour  and  then  decomposes  it  (Campona). 
Dilute  nitric  acid  forran  with  it  yellow  ailky  crystals ;  with  a  less  dilute  acid,  crystal* 
line  grains  are  obtained;  with  strong  boiling  nitric  acid  the  products  are  oxalic  acid, 
and  H  mibstflni-e  whJch  rrystalliAes  in  yellow  shining  Inminnp  (Bertagnini).  Accord- 
ing to  De  Luca,  it  forms  mono-  and  di-nitro -pbillyrin. 
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Chlorine  and  bromtne  trauBform  phiUyrin  into  fubatitntion-dariT^tiTe* 
I  ud  2  tL  chlorine  and  bromine,  nnd  capablft  of  splittiDg  up,  like  phiUjiia  sinlt 
glocoM  and  chlorinated  or  brominated  deriTatirea. 

VRXtBOittA.    An  old   name  for  the  irateiy  readne   left  in  the  dfarflhfini  tf 

sptrituouB  or  acid  liquids, 

PBXAVUK.     See  GaAasBS  (i.  943). 

VB&OBAVBaJTB.  (From  ^\bi6s,  bark,  and  fid^,  ooloor).  A  brovD  anh^iift 
obtained  from  the  bark  of  cert&in  Lre««,  t.g.  Pinm  ajftvftrU,  Platammt  mtr^fdt^ 
China  fiava  and  Bctula  aiba.  It  is  a&ki  to  hare  the  eoBUKisition  C'^HKH,  sad  to  fa» 
a  hydntft  containing  |  to | aL  water.    (HofetetterandStiheliii,  Ann.  dLPbaiB. 

li.  63.— Handw.  d.  Chcm.  ri.  22«.) 

PBItOOXSTOir.     See  CoiCBOsnoK  (i.  1088).  and  Gas  (iL  774 — 783). 
PHX.OOOPZTS.     Rhombic  Mio»  (see  Mkll,  iii.  1012). 

PBIiOKAMXmL     CH'NO*  =     ^q^|n.     (Hlasiwets   and   Ffaafidl 

Ann.  Ch.  Pharm.  cxix.  302.) — A  compound  prodnced  by  the  action  of  ammoaiaqi 

phloroglucin : 

Phloroglucin.  orer  which  diy  ammonia  gas  is  paaaed,  atworbs  l&rgv  qoastitieeflfi^ 
■nd  melta ;  and  it  as  soon  as  the  fumiution  of  water  has  oaased,  the  remiMof  craHl. 
line  masa  be  diaaolved  in  warm  water,  cryslals  of  phlonmine  are  obtAined.— The  osyvi 
eolation  of  phloroglucin  in  6  pie.  warm  aqaeous  ammonia,  dopunts,  af><»r  stalidiag  Ut 
some  time,  cryBt&ls  which  must  be  puri6od  by  recryfftallisation  from  warm  wBter,  aa4 
dried  as  quickly  aa  possible  iu  racuo  over  oil  of  vitriol. 

Phloramiae  forms  thin,  delicutn,  micaceoox  Umins,  which  separat*  from  the  CUt 
in  the  fijrm  of  a  fUm  having  a  BiLky  Itutre.  It  hue  a  slightly  astringent  tastci  aad  ii 
permanent  in  dry  air.  It  is  sparingly  soluble  in  cold  vsiUrt  easily  soluble  in  ofeoiiN^ 
mPK>lablc  in  ether. 

D<comp<>«ition9. — 1.  Phloramine  heated  over  the  wator-bath  arauires  m  lemon-nflw 
and  ultimately  a  dirty  bmvn  coluur,  losing  weight  at  the  same  time  and  beoomugii- 
soluble  in  water. -2.  Ptilommine  either  moist  ordissolred  in  wat(>r  tarns  brown  «ba 
exposed  to  the  air. — 3.  Fuming  nitric  acid  aet«  violently  on  phloramine,  prodvdart 
yellowi8b*red  sululioufVom  whieh  dark  brown  i^iystaU  separate,  probably  a  Ditffxompawd 
The  »Hme  crystuht  are  produced  when  nitratoof  phluramino  is  kept  in  the  moist  state.— 
4.  Wlu*n  pliloniruine  ij>  heat*?d  over  the  wnter-bafli  with  oil  of  vitrrof,  u  eooJBpUeJ 
sulphuric  tind  in  furmed,  wbow;  bariura-Halt  crj'fttwllise*  in  ncMJes.  Thi»  liariuiiH«h. 
and  the  wlution  obtained  by  heating  phloramine  with  oil  of  vitriol,  diluting,  oeata)* 
iaing  with  carbonate  of  barinm,  boiling  and  filtering,  aoouirea  a  fine  violet  coloorn 
sdditiun  of  ferric  chloride,  even  if  the  liquid  ia  very  dilate.  By  chioratr  of  poU*- 
sium  avd  ht/drvchiifric  acid,  pldoramiue  is  cunverted  into  a  dark  brown  re«in  irfaicb 
gradually  becuntes  lighter  in  colour,  and  when  distilled,  gives  off  a  small  quantity  i^ 
oil  having  an  intouB(>ly  atrong  odour  (perhaps  chlorinated  acetone)  and  leaves  «  naia 
Ko  chlomni]  is  UiTwed  in  this  rt-adion. — 0.  When  nmuiouiacal  phloroelncin  is  exrasl 
to  the  air»  the  phlorumiue  furmed  in  the  first  instuDco  diiAppeaxs,  and  the  liquid  dria 
np  to  a  black  ahiuiug  brittle  maiia,  which  diasolves  in  aqueous  ammunia  and  is  thnwa 
down  bv  acids  as  a  black-brown  precipitate. — 7.  By  aqaeous  aikuli^^  phionauae  s 
coloured  dark  nnd  decomposed. — 8.  Thesolution  does  not  coluuryirm'r  cw^r^orfini 
a  precipitate  with  neutral  actUiU  of  Uad  or  nitraU  of  giivcr ;  neither  does  it  ittduM 
silver  from  itji  solutiun  when  lieuted  therewith. 

Phloramine  unites  wiih  acida,  furmiog  salta  which  crystallise  woU,  luid  an  all  soloUl 
in  aloohul. 

Acefate  cf  Phloramine. — The  solution  of  phloramine  in  glacial  ae<>tie  acid  dries  ap  to 
a  yellow  varnish  without  forming  crvstols.  When  water  ia  poured  npou  it,  iheie  w 
mains  a  yellow  powder  which  when  heated  partly  melts  to  a  resin  and  partly  dianln^ 

Hydroc  hi  orate  ^  C^H'NO'.HCI. — Phloramine  on  which  rtn>ng  liydiwhlorio  acid  k 
pouTfd  crumbles  to  a  sandy  powder  which  diaM>lves  when  beat«d,  and  scpaiatcs  oa 
cooling  in  yellow  shining  laniinm,  perhaps  consisting  of  the  anhydrous  sale  AAcr 
solution  in  wtiter.  white  iieedJ«4  and  laminse  are  slowly  obtained,  which  turn  yeibvat 
100'^  and  give  off  1016  per  cent  water  (1  at  «  lcl(l2  per  cent)! 

iVi/ra^'.^Phlommine  diHSolves  rapidly  lo  worm  muderatvly  coneentxnted  oitnosdi^ 
the  solution  yielding  the  salt  in  shining  bronze-coloured  liLminM*  and  needles. 

The  oxidate  is  a  oryatalline  salt 

Sulphate,  2C'H^N0'.U'$0*.— A  solution  of  phloramine  in  dilute  sulphono  add  yields 
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I         by  spoDtAoeous  rraporation,  long  yellowish  brittle  oeodloB,  which,  when  heated  or^r 
the  w&rer-bbth,  acquire  a   bright  yellow  oolotir  and  give  00"  9  38   per  cent,  wator 
L       (2  at,    -   9-37  per  cent). 

H     MXiOSBTAJttXC   AOn>.    C"H"NO*    -     (C*H*0)"l^      (HUsiweti,  Ann. 

^MCh.  Pbann.  cii.  162.) — An  acid  ptoduced  by  the  prolonged  action  of  strong  ammonia 
^^  on  ethyl-phlort'tie  acid  (p.  401) ; 

(C*H'0)-  VO*     +     NH«       -       (C-H-Or  >N      +        h  ( *^' 

After  being  fre«d  from  ammonia  and  alcohol  by  evaporation.  It  crystallise  from  hot 
WHterin  slender  ahtaing  prisms.  ItdiMolrra  in  alcohol  and  ether,  melts  between  110^ 
and  1 1 1°,  and  sublimrB  partially  with  loss  of  ammonia.  Its  aoueooa  solution  is  oohmred 
blue  by  ferric  chloride.  It  appears  to  nnite  with  alkalis,  but  does  not  docomposA 
carbonates,  and  is  altogether  bat  a  very  feeble  acid. 

PHX.OR11TXC  ACZD.     CH'»0»    -    ^^h?^''!©"     (HlaBiweta.Wien.akad 

Ber.  xvii.  3M2;  xxiv.  237;  Om.  xiii.  308.)— An  acid  produced,  together  with  phbro 
glocin,  by  the  action  of  caustic  potash  on  phlorelin  : 

C^*H"0     +     RHy       -       C»H'»0"     +     OH'O'. 

Pbloretln.  Pblorttic  arid.        Plilurofluclo. 

It  is  prepared  by  dissolriiig  30  grm.  of  phluretin  in  about  200  c.  c  of  potaah-ley  of 
appcific  provity  1-25,  and  evapomtine  with  ebulhtion  till  the  mass  has  become  thick. 
Th»*  product  is  then  dissolved  in  boHing  water,  carbonic  acid  gas  pnssed  through  the 
aolution,  thf  liquid  ernporated  to  dryness,  and  the  residno  treated  with  boiling  ali'ohol, 
which  dissolves  the  phloretale  of  potassium  and  leaves  the  greater  part  of  the  phloru- 
glucin  undissolved,  Etlier  is  then  added  to  the  solution,  which  precipitates  the 
phloretitte  of  potsssium  as  an  oi]y  liquid  ;  the  ether  is  d<'C&ntcd  ;  water  is  udded  ;  and 
the  liquid,  after  concentrution,  is  mixed  with  hydrochlaric  acid,  which  precipitates  the 
pbloretic  acid :  it  may  be  purified  by  repeated  cTy^tidliaation  from  au!ohol  and  from 
water. 

Phloretic  acid  forrns  long  brittle  prisms,  having  a  sour  and  slightly  astringent  ta«te. 
From  alcohol,  and  especially  from  ether,  it  Is  doporited  in  very  large  prisms.  The 
crystals  are  monoclinic,  eihihiting  the  combinatinn  oP.  oePoo.  —Poo.  +  |Pao.fPoo]. 
+  P,  &e.  Angle  -P«  :  «Pao  -  138*61';  +  JPao  :  «P»  .  143°  19';  [PooJ: 
oF  »  114^  16'.  It  melts  bctwfen  128<=>  and  130^,  and  solidifini  in  a  crystalline  ma^-a 
on  cooling.  Ir  is  somewhat  less  soluble  in  watrr  than  in  alcohU;  the  solatioo  may  be 
boilttd  coDtinuuuHly  without  decomposition.  When  mizni  with  arftmonia  and  agitated 
in  the  uir,  it  aeeumesa  reddish  culour.  With  Kthxtxovko^  calcic  kypf -chlorite  it  a»aumea 
a  transient  brown  colour  j  with  ferric  chloride  a  green  colour.  The  solution  super- 
saturated with  ammnnia  reduces  ftitraU  of  $ilwT  on  application  of  heat. 

Decompo*itions. — 1.  Pbloretic  acid  when  strongly  h'ttUd  gives  off  buffocating  odours, 
bnma^  and  leaves  very  little  charcoal. — 2.  With  brmuine  it  forms  dibromophlo- 
reticftcid- — 3.  Pulverised pJilor^tic  acid  placed CnaflnBkfiIledwithcA/frin<',m*flllB,witl» 
diaongagement  of  lir^at,  the  coluur  of  the  chlurinf  dicjii>peiiring,  and  hydrochbric  acid 
appearing  in  its  place.  The  product  dissolves  in  alcohol  and  in  ether,  but  not  in 
water;  the  solution  when  evaporated  leaves  a  soft,  sticky  mass,  which  forms  with  soda 
a  compound  solidifying  after  some  time  to  a  deliqueacent  eiystnlline  mass. —  4.  With 
h(/f{nfhfnrie  acid  and  ckloratf  <^  potasfium  it  UNnunes  at  first  a  reddish-brown  colour, 
gives  off  abundance  of  gas  when  heated,  again  becomes  yellow,  and  partially  changes 
into  yellow  flakes. — 6  Triturated  with  pnit/jrhJoridc  of  phosphnruji.  pbloretic  acid 
becomes  warm  and  liquid,  and  gives  off  niUL-h  hydrochloric  scid  gus  with  pfiervescetice. 
Oa  distillation,  oxychluride  of  phosphorus  passes  over  ut  100°,  and  a  ^ming  liquid 
remiiine.  which  ditxinipWM's  with  water,  into  pbloretic  iicid,  hydrochloric  acid,  and 
pho«iphoric  acid  ;  and  at  a  higher  temperature  becomes  hrown,  trriths  up,  and  gives 
off  a  hmtdl  quantity  of  oxychloride  of  phosphorus,  leaving  charcoal  as  a  residue.-  6.  By 
flxpoaare  to  the  vapour  of  sulpkuHc  anhydridr, it  is  coovertfd  into  6ulpho*phloretic 
acid.  CrH»K)*JSO»  (Nachbaur,  Wien.  akad.  Ber.  aox.  122).— 7.  When  concentraU-d 
%itr%e  acid  ts  poured  on  pbloretic  acid,  it  dissolve*,  forming  »  red  solution,  with  dispn> 
ngemcnt  of  beat,  iu tumescence,  and  liberation  of  red  vapours  ;  the  suhition  on  cooling 
becomes  filled  with  yellow  crystals  of  dinitrophloretic  acid.  If  the  temperature 
be  Dot  k«'pt  down,  oimHc  acid  is  also  formed.  Powderwl  phlnretie  «eid  gntdually  iiddpd 
to  cold  concentrated  nitric  acid,  is  dissolved  without  formation  of  red  vapours,  and  after 
arime  time  dinitrophlorctic  acid  oiystaUiM«  ont  If  nitric  acid  be  added  to  warm 
aqueous  phluretie  acid,  effervescence  takes  place,  nitric  peroxide  is  disengaged,  the 
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The  SAine  compound  is  obtained  bjr  distUliog  phloretate  of  calciam 
calciom. — 9.  vtith  chloridf  of  at' t^i  (or  chloride  of  buiyryl  or 


nil  a  V 


liquid  WcoroM  ootoured,  and  brown  rrflinotui  droni  stparftte,  which  by  conUiniid  bn^ 
withndditiuaof  a  little  nitric  acid,  diaappcftr,  while  dinitrophlorrtic  acid  ef^vUthw*  vk 
after  It  litLlp  time.  — 8.  Fbloretate  of  barium  mixed  with  lime,  and  a  UtlU  povdanA 
gUas.  and  heated,  jielda  pblorstol  u  a  brown  oilj  dintillate. 

C?H'»0*      +      Ba"0       =       C»H'»0     +      Ba'CO*. 

witll   loCB* 

chloride  of  beoecnl 

gives  off  hydrochloric  acid,  and  forma  peculiar  ttcida  (Hlaaiweta).  Tb*  pcndan 
formed  with  chloride  of  acelyliaaeelylphloreticacid,  CHnC*HH))0»  (».Gila, 
Ann.  Ch.  Pharra.  oxiL  180).— 10.  Phloretate  of  DOtaiwiam  or  phloretale  of  ailTPr  hn**« 
with  iffdide  of  dhf/I  or  todide  of  Offly/.  yiel<U  ethyl-phloretic  acid,  CH*(C=H* lO", 
or  amyl-phlorelic  acid.  OB"(C»H")0".     (HUiiweta.) 

II.  Phloretic  acid  hoaied  with  pAicrofftuctn  jieldj^  not  phloretin  bat  m«taphl»< 
retin.    (HlaBiwetz,  p.  492). 

Pm-'iRBTiTEa.  PblopptiL'  acid  is  dihaaio,  forming  nentral  aalts,  C*H"3WF  m' 
C»H»ai"U\  and  acid  luiUs.  C-H»MO'  orC'-H-M'O*  -  CH'M'O^.CH'^O-,  accwdi^ 
to  the  atomicity  of  the  metaL  It  deoompuM'A  carbooatea,  mf>6tljr  forming  acidsdu 
The  phlor«'tate»i  are  all  crytitalliiwble.  The  acid  salta  hare  a  neTitral,  the  neutral  bUi 
an  alkaline  reaction.     When  heuted  they  emit  an  oduor  like  that  of  phenol. 

Phloretatrs  of  Ba ri u  m.  The  wutral  fait,  C*H*Ba"0*,  is  formed  by  prwipitatinr 
a  boiling  solution  of  the  acid  salt  with  Tery  strong  barytu-wut^r.  It  d^AtalltaeK  h\m^ 
builinc  wiitcr  iu  cctnili's  coututning  5  at.  water,  four  of  which  are  giren  off  at  l*0\ 
The  aetd  salt.  C'*H'*Biro*,  obtttint^l  by  saturating  a  warm  aqueous  aolalioo  rf  tl# 
acid  with  carbonate  of  barium,  cryNtaJliaea  in  long  flat  tmnsparent  prisma^  which  W 
cooie  dull  at  100°. 

Phloretatea  of  Calcium.    Tlie  neutral  *ait  is  precipitated  on  adding  a 
of  limo  in  auear-water  to  a  concenlr&t«d  noluliun  of  lim^  in  phloretic  acid  till  the 
becomes  alkaline.     It  crystallises,  by  evaporation  in  vacuo,  iu  white  laminae  hanug 
alkaline  reaction.     It  is  decomposed  by  carbonic  acid, 

PhloretatfB  of  Copper.  The  acid  talt,  C"H'H:u'0".2H^,  obtained  by  At- 
composing  a  solution  of  the  sulphate  with  phlor^tatc  of  barium,  forms  ememld-gmv 
cryHtnls  which  give  nfT  their  water  at  100^,  diesolre  sparingly  in  wiiter  and  aleohoL  hd 
rcrtdily  in  ether,  with  enieniM-green  colour.  The  tirutral  salt,  CH*Cu"0",  aepsato 
out  when  an  etbrrcHl  solution  nf  the  acid  aalt  is  continuonaly  warmed  or  boiled,  ijiban> 
lifnl  shilling  bluiMh-fcreeu  Hi>angles  containinc  I  at.  water,  half  of  which  b  girco  t£^ 
100°,  leaving  a  hydmte  containing  "iCH^Cn  OMI  0. 

Pkloretatcs  of  Lrad.  The  mutrat  talt,  2CH"Pb''0».n"O,  is  obUin*^  aaahesTj 
bulky  precipitnte  on  satuntting  the  acid  with  carbonate  of  lead,  and  miring  the  but  Ci- 
trate with  baaic  acetate  of  lead.  It  retMiuB  its  WHter  at  100^.  A  ba»^  salt  h8«ia(: 
nearly  the  composition  2O'U*V\'0\P\}'0.2E'-O,  is  nrecipitatwl  on  adding  baaie 
of  lefld  to  a  cold  solution  of  plUoretic  acid  satumtea  witn  carbonate  of  lead. 

Phiorrtatf  oj  Mogntaium  aeparates  from  a  solution  of  nia^;nesic  carbonate  in 
aqueouB  phloretic  ncid,  in  colourless  cryeftaUine  geodes  resembling  wavellite. 

Phtoretatenof  Mrrcurt/,  Phloretic  acid  forms  with  mrrcurous  nttrfrU  AcrjwuSiat 
precipitate  consisting  of  needles ;  with  neutral  wereuric  nitratt  a  crystalline  predptltU 
formed  of  transpartmt  plates. 

Phlorrtate  of  Potassium,  C*H*KO*,  is  obtained  by  mixing  the  aqueous  sod 
with  caustic  poTash,  satumting  the  liquid  with  carbonic  acid,  eTaporating,  exhaoMif 
the  dry  mass  with  strong  rtloohol,  and  pnri^'ing  by  pressure  and  recrystalliaatioa.  Bj 
spontaneous  eraponition  of  the  alcoholio  solution,  it  ia  obtained  in  colourloM  radiatiar 
lamina!  or  in  ratuer  lai^e  prisms.  It  has  a  warm  saline  taste,  eflllorescea  in  the  air.  *b^ 
gives  off  all  its  wat^'rat  1Q0°.    Its  alkaline  solution  turns  brown  on  exposure  to  the  ur. 

Phloreiate  of  Silvrr,  C*H*AgO*,  is  obtained  by  precipitating  the  sodioiDHah 
with  nitrate  of  eilver.  Thn  liquid  solidifies  to  a  cryMlalline  roagraa,  which  mart  hr 
filtered  iu  the  dark,  washeri  with  cold  water,  and  then  dried,  first  betwe«ai  popcr.  aai 
afterwards  at  100°.  It  forms  dazeling  white  needles,  which  when  uaoist  blacken  reidilv 
in  the  Ugbt ;  dissolTcs  easily  iu  ammonia  and  in  acetic  acid. 

Phloretatf  of  Sodium^  C"H*NuO",  prepared  like  the  potaaaiinn-aalt,  cmtalliia 
from  a  highly  concentrated  solution,  which  soon  turns  reddish  in  contact  with  the  air,  in 
Tadiating  ffQorescent  prisms. 

Phiotftatf  of  Zinc, — The  n^utraixalt  appears  to  be  formed  a«  an  insoluble  pMapi- 
tate  when  phloretic  acid  is  boiled  with  excess  of  carbonate  of  zioCy  and  rcmaiaa 
solved,  while  the  add  salt  putiMS  into  uolutioa. 
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The  acid  salt,  C"H'*74i*0«,  cryBtalliws  immeduitely  from  a  •olation  filtered  at  the 
boiliag  heat,  In  flat  priAnua  and  Uroiuae  of  a  Telretj  lastre,  and  reflrmbling  cholafiterin  ; 
permanent  in  the  air;  very  sparingly  soluble. 

Phloretatfof  Urea,  CH'NK).2C»H"0'.  iB  obfained  by  mixing  a  BolntioD  of  3pW. 
of  urea  and  1  pL  of  phloretic  acid,  in  broad,  loatroua  Uminn,  or  feathery  atriated 
crystala. 

Jkrivativea  of  Pkioretie  acid, 

mbromophloretlo  ftcld.  C*H'6H0*.    (HlasivetE.  Ann.  Ch.  Phann.  di.  US.) 

— Obtained,  by  addiug  bromine  to  puWerised  pbluretic  acid  aa  long  ^a  faydrobromte 
acid  continuea  to  eacape,  aa  a  slightly  coloured  powder,  which  cr^-HUilises  &ora  ulooboL 
in  hard  oulonriesa  prismatie  grams,  and  may  be  completely  pari6(;d  by  washing  with 
vater,  and  preripttation  with  hydrochloric  acid  from  it«  i^njiition  in  amraonia.  It  melta 
in  an  atmospbere  of  chlorine  giLS,  becoming  hot,  gtTing  o9*  hydrochluric  acid,  and  form* 
ingan  uucrystallisublo  producrt  iiiwjliible  in  water,  soluble  in  alcohol  and  ether. 

The  ammoHium-aait,  C'H\KH*)Br'0',  ia  s|mringly  solnble  in  cold  WHler,  and  «»asilj 
deeompo«ible.  The  barium-Milt,  C"H'*Ba"Br*0«  (at  120°),  precipitated  from  the  am- 
monium-fteilt  by  chloride  of  barium,  forma  priamatic  crystala. 

IMnltropUoretlo  Mid.  <?H"N«0'  =  C*H»(N0»)«O».  (Hlaaiwete, /oc.cil.) 
*-Thia  compound,  produced  by  the  action  of  nitric  acid  on  phlorftic  acid,  exhibita  two 
different  modifications  according  to  the  manner  in  which  the  action  takes  place. 

The  first  modification  (a)  ia  formed  when  phloretic  acid  is  disAolrod  in  nitric  acid 
■lightly  ooncentr&ted  and  kept  cooL  Yellow  gruins  then  form  in  the  red  solution;  and 
on  TOC^ystaUiaing  these  from  water  and  alcohol,  tbe  acid  is  obtained  in  shining  lemon- 
TeUow  prisma,  easily  soluble  in  alcohol  with  yellowish-rr^d  coluur,  fusible,  not  detonating, 
Jurisg  a  slightly  bitter  tuste,  and  coluuring  like  picric  ucid. 

The  detonating  salta  of  this  acid  are  obtained  by  salUfAting  its  aqueooH  solutit>D  with 
the  respective  carbonates,  or  by  precipitation  from  conc*'ntrated  soluliona  of  the  am- 
monium-Rait. Thp>  potajMum-nalt,  2C?'H"K''(N0»)»0".H=0  (at  120°),  cryatalliM-tt  ftom 
dilute  alcohol  in  dct?p orange-coloured  prisms.  The  bariun-ta/t,  2C?*H*B«''(N0'j*0*.HK), 
ibrms  orange-colonred  needles;  the  caicium-sait  yellow  needles.  The  Uad-taU  is  n 
deep  red,  the  silver'saU  a  red,  the  coppcr-sali  a  yellow  precipitate.  The  ammonium* 
aalt  forma  with  rn^curic  chloride  a  yellow  precipitate  amorphous  at  fimt,  becoming 
crystalline  aAerwards;  with  stannoiu  chi<»-ide  a  yellowish,  and  with /crric  chiuritU  a 
light  brown  precipitate. 

Tha  seoona  modification  {&)  of  the  acid  ia  produced  by  dropping  nitric  acid  in6o  a 
warm  aqueous  solution  of  phloretirt  acid.  The  cryHt-aLi  which  separate,  furm  when  re- 
crystaUiaed  from  alcohol,  nark  yellow  shining  lamina;  and  scales. 

The  ccmpoanda  of  this  acid  with  the  alkaline  earths  can  be  obtained  only  by  aatur* 
ating  th«>  acid  with  the  corresponding  hydratee  or  carbonates,  whereas  those  of  the  a 
modification  are  obttuned  in  the  crystalline  state  by  precipitation  from  the  ammonium* 
■alt 

The  fi-ammomum-salt,  2CH'(NH')«(N0')K>"H*0,  effloresces  in  dark  yellow  needlea; 
the  barium-salt,  2(?'fl*Ba'[^K0'')*0'.E*0,  separates  in  nodular  groups  of  orangp-yelluw 
erystals. 

PB&oazTZC  STBSKSi     These  are  compounds  produced  by  the  eubetitntion  of 

1  at.  of  an  organic  mdicle  for  1  at  hydrogen  io  phloretic  acid. 

Ao«tto  Vhlor«tat«  or  Ao«tyl-pliloretio  nold.  C^'E'^O*  -  C*H'(O'U'0)0*. 
(H.  T.  0ilm,  Ann.  Ch.  Pharm.  ciii.  180.) — Produced  by  the  actiuo  of  chloride  of 
acetyl  on  phloretic  acid.  When  cr}*BtalliBed  from  dilut*  alcohol,  it  forms  thin  colourleas 
interlaced  prismei  having  a  vitreous  lustre  and  an  acid  reaction.  It  is  inroluble  iucolj 
water,  soluble  in  alcohol  and  ether;  melts  bvlow  the  boitiug  pojnt  uf  water,  and  partly 
lublimes;  decoraposes  carbonat4>fl;  ia  not  coloured  by  ferric  chloride. 

fiitro-acftylihlorftie  acid,  C*HP'(CH'OXNO')0',  is  obtftined  by  dissolving  acetyl- 
pblorrtic  acid  in  nitric  acid  of  ordinary  strength,  and  immediately  mixing  the  product 
with  water.     It  crystallises  from  Eilcobol  in  goldon-yellow  ahiuing  lamins. 

StbyUo  Pbloretate  or  Bthyl-ptaloretio  aold.  C"H'*0*  ~  CR^C^B^yO*. 
(Hlasiwetz,  Ann.  Ch.  Pharm.  di.  Idl.) — Tbia  compound  is  easily  prrpared  by  beat- 
ing phlurctate  of  potassium  or  silver  with  eChylic  iodide  to  100°  in  a  sfwed  tube.  It 
is  colourless  and  viscid ;  has  a  faint  odour  and  irritating  taste  ;  boils  above  265*^ ;  is 
not  inflammable  ;  dissolves  in  alcohol  and  ether*  but  is  inMluble  in  water.  It  hits  the 
aame  index  of  refraction  as  salicylic  ether  for  a  paiiicular  ray  in  the  orangf,  but  its 
dispersive  power  ia  much  less  than  that  of  Halicyltc  4>th»*r. 

JUhyhc  JHnitrophlorttate^  C»H'(C?'H»XNO')''0'.  is  obuined  by  treating  ethylic  phlo- 
retate  with  nitric  acid,  aa  a  golden-yellow  oil  which  solidifies  in  the  cryatalhnc  form 
aftera  whilo,  and  czystalUaes  from  alcohol  in  light  yellow  cxystala. 
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AmjUo  yblor«tet«  or  Amjrl-pbloretiA  noia,  C^H^K)*  —  (?H*(O'Ii»)0», 
preptf«d  like  the-  ethTl-compound,  is  culuurlesa,  wry  riscid,  haa  a  ali^tljr  naododdat; 
a  sharp  tasU  nnd  boils  abor«  290".  WiUi  m^rjc  acid  it  jrields  a  erxsUUiM  aaO^ 
compound.     (H  In  si  wets,  loe.  cii.) 

PHX.OXXTnr.  C'*n'*0».  (Staa,  Ann.  Ch.  Phann.  xxx.  200.— O.  BoieE.iW: 
IxxtiT.  178. — HUfliwets,  ibiJ.  xcri.  118. — Gm.  xri.  8.) — A  sribtftance  pcodaecd  bj 
ttie  action  of  dilute  adds  ou  phloniUD(p.  493).  To  prepare  it.pbloriaio  U  diaolvvlti 
a  cotd  dilute  acid,  and  the  liquid  aubfequenUy  heated  to  90^:  il  ia  thea  dcpooud 
in  the  cryHtoUine  state, 

Plilurotin  crj'stallises  in  snuill  white  laminae,  having  a  caecfajmne  taste^  ]teBr^»> 
■oluble  ID  cold  water,  very  aparingly  soluble  in  boiling  wat«r,  and  in  anhjrdroas  titha, 
eoluble  in  all  propottions  in  boiling  alcohol,  wood-epirit,  and  Acetic  acid,  vheoetilii 

'depmitod  in  stiining grains.  (Analjaaa  64*6—65-4  C  and  6-2—5*4  H  ;  calc.  65*7  Q^-l 

"^B,  and  29-2  0.) 

Phloretin  melts  at  180°.  and  decomposes  at  a  higher  temperature.  Strxmg  oc^^fe 
the  most  part,  dissolve  it  witbuut  allemtion.  Citric  acid^  howerer,  conrnt*  H  itti 
nitro-phloretin,  Chroutu:  a.-M/ni»nlve»  it  into  formic  »cid  aud  carUnuic  anjjjdal* 
(8tttB).  When  pulverised  phloirftin  is  treated  with  bromine  under  ether,  a  miitanil 
tri-  and  tetra-bromophloretin  ia  produced;  but  when  phluretin  is  beAted  withezeMsU 

l*hrt>mine,  a  number  of  bodies  cr^'Hiillising  in  Deedlc«  are  formed,  which  appear  to  W 
aulistitution>prodncta  of  phloroglucin  (^Schmidt  and  Hesse,  Ann.  Cb,  PoaraLcxx 
lUS).  It  is  diflsolred  without  alteration  by  alkalis;  the  solutions  hare  a  very  deddcd 
saooharine  tastM,  and  in  contact  wirh  the  air,  alworb  oxygen  and  form  an  onagr- 
culnured  body.  But  by  boiling  and  erapomting  with  strong  potask-i^,  phlcnttaii 
resolved  into  phlorctic  acid  and  phlorogluein  (pp.  491,  496). 

Pblorctin  rapidly  absorbs  13  or  14  per  cent,  ammoniapat,  witbont  losing  water.  IL 
diseuWes  in  strung  aqueous  amitmnia,  but  0epArttt«^,  aAer  a  few  seconds,  in  aliiaiag 
yellow  laminte,  which  give  ofiT  amrnunia  when  exposed  to  the  air,  or  when  heated  7^ 

[  4tjlution  of  thfl  ammoniacal  cnmjtnund  prf»cipitat(«  the  Rults  of  mangannae:,  iron,  nnc, 

'  copper,  lead,  silver,  &e.  The  Uad-cffmpound^  ubtuined  by  adding  basic  acetate  of  lead 
to  an  excess  of  pfaluretin-ammontH,  and  drying  the  precipitate  at  140**  in  a  CBBWUfif 
air.  contains  2C'^H"O*.6Pb"0.     (Staa.) 

r(lrabromophlQreti7i,C"W*liT*0*. — Whcuflnely-pnlTerisedphlorctiniscoTtn^ 
with  ether,  and  brumine  added  to  the  miitnre  cooled  from  without,  the  bmiuiBfii 
•baorbef],  with  evolution  of  heat,  nnd  amixtan*  of  tri-  snd  t«*tra-bromophK>retin  is 

["which,  after  removal  of  the  cthorand  the  resulting  hydroliromic  acid,  may  be  com; 
converted  into  tctni-bromophloretin  by  renewed  trejiiment  with  bromine  at  a  genti 
The  prodnct  is  boiled  with  water:  the  reftidne  is  dissolved  in  bodling  aioohol:  &s 
solution  precipitated  wit.h  water;  and  the  pale  yellow  cr)-etalline  precipitate  if  punflnl 

.  \y  boiling  with  wt>ak  alcohol  and  recrystalliNitiuu  from  l<oiIiugalcoboL  Pblon'cin.tnaiM 

J  With  bromine  under  ether,  likewij^e  yiel(\ii  t+'trubrumophloretin,  amixturv  ul'monoaati 

[  joly-bpumnphloro-ghK'in  being  formed  at  the  same  time. 

Tetmhrnmnphlonrtin  crystaUises  in  small  pale  yellow  needles,  which  do  notloM 
ireight  at  100-* ;  it  is  decolorised  by  animal  charcoul.  but  soon  turns  ^eUow  again,  ll 
iH  iniioluble  in  boiling  uviUr,  Bpnringly  soluble  in  boiling  alcohol,  eat*ily  soluble  in  dkm. 
It  m(<ltfl  between  206°  and  210°  aoquiring  a  daric  red  eolour,  and  decompoeiac  witk 
efierveaeence.  It  dissolves  with  yellow  colour  in  aqueona  ammofiia  ana  mm,  th* 
ammoniscal  solution  turning  brown  after  a  while.  In  boiling  /tmc-uutcr  it  tunariaiett 
and  forma  an  amorphous  violet  subst^mee. 

NitropAloretin,  C'*H'»(NO')0*(?).  called Hl«>pAfcivrttfa*;«i (by  Staa),  and  i^a* 
phiorttic  acid,  it)  produced  liy  the  miion  «f  utrong  nitric  acid  upon  phloretin.  Il  is 
omwn,  amoTOhouH,  in^ulublc  in  water  «nd  in  dilutjj  aoid«>,  soluble  in  alcohol,  woud- 
spirit,  and  aUcHlia.  It  decumpufies  at  160'^»  gi^i^ing  off  nitric  oxide.  Sulphoiic  acid 
disKjlvea  it  with  Llood-red  colour. 

(CH»0)- 

Metapbloretla.       C"H«0'*     -     (C'H*OV»}.0»  (?)  (Hlasiwetz,    Ann.  CIl 
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Pharm.  cxix.  199.) — This  compound  (not  named  by  Hlasiwetx,  bnt  csalled  o-pklocetiB 
in  Gmelin's  Hundhookynxi.  10)  is  pn^duced  by  heating  ^ihloretic  add  with  pbJoioglocia. 
Tliemixture,  heated  to  loO*"  in  an  air-bath,  melta  toj?ether,  and  gives  up  water.  If  kepi 
fur  flix  hours  between  160°  and  180-,  it  deposits  a  grranular  maiw,  and  ultimal^J* 
Income*  quite  w»lid.  The  brown  niasa,  when  boiled  with  water,  diseolvcft  ai«jw)T.  so-i 
the  bolutiou,  oTL-n  befurv  tt  in  quite  culd.  deposits  crystalline  ac&lea,  which  mar  te 
purified  by  wfushing  with  warm  water,  and  recrystaUiaation  &om  boUiug  water  iriih 
help  of  minimal  chHrcoal. 

The  com[)ouud   lorma  nearly  colourless  micnxiooptc  lamia*,  having  a  r\Ai^  t«rif^ 
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mth  sweetuii  after-Uste.  It  is  neutral ;  analter&ble  at  160® ;  ooloon  aqueous /rrif 
chioride  violet. 

»B&OXBTOZta    C"H<*0«---{nia8iweti,  Amu  Ch.  Fbann.  cii.  166.)--This  oom- 

ponnd,  metameric  with  ethylic  pbenate  or  pheoetol  (p.  391),  ia  produced  by  distilling  & 
Toiztore  of  phloretate  of  bii^um,  cau.stic  lime,  and  a  little  povdered  glass,  in  small 
portions  over  an  open  fire.  The  brown  oily  distillate  is  dehydrated  by  decantation  and 
drying  over  oil  of  vitriol,  and  then  rectiHe<L 

Phloretol  is  a  colourless,  strongly  refracting  oil,  which  becomes  thicker  at  18°  ,and 
boils  at  1900—200°  Specific  gmvity  1-0374  at  12^.  Vapour-density,  obs.  -  4-22, 
ealc.  n  4*23.  It  has  an  aromatic  odour,  suggestive  of  phenol,  and  a  burning  taste. 
I^bcedoQ  the  ekin  it  causes  a  bum.  It  coagulates  albumin  almost  as  rapidly  as  phenol. 
A  splinter  of  pine-wood  >iipped  in  aqueous  phloretui,  and  then  soaked  with  hvdrochlorio 
aria,  anumes,  when  dried  m  the  sun,  a  colour  similar  to  that  of  one  soaked  in  phenoL 
It  is  only  slightly  soluble  in  water,  but  mixes  in  all  proportions  with  alcohol  and 
ether. 

Jkeompositiont. — 1.  In  vessels  containing  <n>,  it  becomes  yellowish,  and  then  smell* 
of  stjroL — 2.  When  soaked  up  into  a  wick  it  may  he  inflamed,  and  then  bums  with 
a  bright,  fuliginooB  flame. — 3.  BisBolvefl  in  oil  of  vitriol;  the  solution,  after  standing 
■ome  time,  is  no  longer  precipit^ed  by  water,  but  then  rontaina  a  conjugated  sulphuric 
acid  which  forms  with  baryta  a  soluble,  easily  crystallisable  suU  —  4.  when 
bromine  ia  poured  on  it,  hydrobromic  acid  is  liberated,  and  after  the  excess  of  bromine 
is  expelled,  a  white  crystalline  substitution-product  is  left,  which  is  soluble  in  alcohol, 
but  not  in  water. — 6.  With  chlorine  it  forms  a  substitution-product. — 7.  When  dropped 
into  strong  nitric  acid  it  hisses  like  a  red-hot  metal,  and  forms  trinitrophloretol, 
C'H^NO')'©,  with  violent  action  and  disengagement  of  nitric  peroxide. 

raiiOBSl'  V  JU  C*H*0. — The  hypothetical  diatomic  radicle  of  phloretic  acid  and 
its  derivatives. 

Chloride  ofphloretyl,  (C^*0)"C1*,  appears  to  be  formed  by  the  action  of  penta* 
dikoide  of  phosphorus  on  phloretic  acid,  according  to  the  equation, 

j|^(C-H"0)''|q,-j   ^    gp^p     ^     3C»H»0C1*  +   2P0a»  +  8HC1  +  PH"0«. 

On  dutilling  the  product,  oxychloride  of  phosphorus  passes  over  at  110°,  and  the 
Tesidnf"  can  no  longer  be  heated  without  decomposition.  When  treated  with  water 
however,  it  yields  phloretic,  phosphoric,  and  hydjrochloric  acids.     (Hlasiwets.) 

VSLORZXSZir.  CH^N^O".  (S  t as,  Ann.  Ch.  Pharm.  XXX.  206.)— Produced  by 
the  simultaneous  action  of  air  and  ammonia  on  phlorizin : 

C"H'*0»     +     2NH»     +     0«        -        C"H»N»0'» 

It  is  precipitated  on  adding  an  acid  to  the  product  of  the  reaction.  To  obtain  it  pure, 
8tas  (Ana.  Ch.  Phys.  Ixix.  367)  precipitates  the  crude  product  of  the  above  reaction 
with  aloohol ;  dissolves  the  precipitate  in  the  smallest  possible  quantity  of  water ;  and 
Adds  alcohol  acidulated  with  acetic  acid  to  the  solution  drop  by  drop.  The  precipitate 
is  then  wash^  with  alcohol  of  continually  increased  strength. 

Phlorizein  is  a  reddish- brown,  nncrystallisable  solid,  differing  in  aspect  according  to 
the  state  in  which  it  is  examined.  Its  taste  is  slightly  bitter.  It  dissolves  easily  in 
boiling  water,  but  is  nearly  insoluble  in  alcohol,  ether,. and  wood-spirit.  It  yields  by 
soalyns  48'l-48-6  C,  6-6— 64  H  and  £0—6*4  N:  (calc.  48*6  C,  6-8  H,  6*4  N,  and 
40*2  0). 

Phlorizein  is  decomposed  by  heat  Fixed  alkalis  gradually  alter  its  colour,  trans- 
forming it  into  a  brownish  substance. 

Phlorizeate  of  ammonium  is  difficult  to  obtain  pnre.  The  best  mode  of  preparation  is 
to  place  phlorizin  under  a  bell-jar  above  a  solution  of  carbonate  of  ammonia,  into  which 
fragments  of  caustic  potash  are  thrown  from  time  to  time.  If  care  be  taken  to  avoid 
an  excess  of  ammonia,  a  blue  crystal  Usable  substance  veiy  soluble  in  water  is  somiv 
times  obtained ;  but  more  frequently  the  product  is  brown-red. 

The  compound  is  decolorised  by  sulphyaric  acid,  sulphide  of  ammonium,  and  stannate 
of  potassium,  but  the  decolorised  solution  gradually  resumes  its  blue  tint  on  exposure 
to  the  air.  The  solution  of  phlorizeate  of  ammonium  is  likewise  decolorised  by  hydrate 
of  aluminium,  the  alumina  acquiring  a  blue  colour. 

The  solution  precipitates  salts  of  iron,  sine,  lead,  and  sflrer.  The  silver-precipitate 
is  blue,  and  is  decomposed  by  water. 

m&OSXKDr.  C^'H^O'".— PA/orrAtnn,  Phhridxin  (from  ^Xei^i,  bark,  and  ^iCa> 
TOot).  [Stas  and  Be  Koninck  (1835),  Ann.  Ch.  Pharm.  xv.  76-  -Stas,  Ann.  Ch. 
Phys.  [3]  Ixix.  367. — Mulder,  Her.  Scient  iii.  60. — Roser,  Ann.  Ch. Pharm.  Ixxxir. 
178*— otrecker,(6H2.1xxir.l84.->OiD.XTL  11.] — ^A  substance  existing  ready  formed  ia 
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thr  roct-bftrlt  of  the  appl**,  pwir,  plum,  and  cherry-twt  It  is  extracted  by  veakaleoM, 
Hud  the  nlcuholic  solution.  decolorUed  by  oninikl  chAreo&l,  nod  ooDCAQtnted,  dtfoati 
cryptftlfl  of  phloririn  on  cooling.  The  root-biirk  of  the  «pple-tre«  i»  tii*  h«it  loim 
of  pblorinn,  boi'HUAe  it  contaiud  less  oolounog  matter  than  that  of  the  other  txHL 

Phlorizin  mstalliaca  in  long  ailky  needln  or  tuflB.  It  hM  a  slightly  bittar  tutc.  ii 
spariDgly  Bolubln  in  cold  WHter,  but  dissoWf^  in  all  proportions  in  bcdhng  vile 
AfwAol  and  wood-spirit  disaolvc  it  readily,  but  it  is  quite  in»olnble  in  «M*r. 

The  crysliilB  of  phlorizin  contain  2  *t.  wat«r,  C"H*'0'".2H«0  (anal/ma,  62-8— **«C 
and  60--62  H;  calc 63-4  C.  6  9  H,  and  407  0).  At  100*'  thej  give  off  tbri?»w» 
(7-6  percent.)  and  Ipftve  anhydroua  phloritin,  C"H"0*»  (an&L  67-4  C  and  6'J  H; 
ealc.  67  8  C  and  56  H),  which  melta  at  109°  and  decompoaea  at  200°  yieldnya  M 
■abflt&nce  CttUed  rufin  and  other  produeta. 

Strong  suiphuric  acid  at  60°  or  70^  conrerta  it  into  a  rod  aubatMZice  eallad  ra^-« 
rutilo-Bulphuric  acid.     (Mulder.^ 

Bt  prolonged  contact  with  dilute  twpkurie,  photphoric,  or  hvdrochloHi  ceid  it  ~b 
r«8olTed  into  glucose  and  phloretin.  The  aame  change  is  indftieed  bj  ocoiie  mi 
at  90°: 

C«H»*0'«   +   H«0     -     C«H'K>»  +   C'»H"0». 
Ptaloiiiia.  GlucoM  PhlonUa. 

100  pts.  of  phlorizin  thus  treated  yield  fhnn  41  to  42  pti.  cIqcom  (ealc  41*8  j/U.), 

Strong  nitric  acid  converta  it  into  oxalio  add  and  n  i  t r o p h  I orcti^ 
C'*H'«(NO«)0*(?) 

Strong  kydrochlorit  acid  cosTerta  phlorizin  into  a  dirty  red,  amorphoni  inbstaBi 
without  disaolring  it.    (De  Koninck.) 

When  phlonzin  is  trituratwl  with  K  of  ita  weight  of  iodine,  a  greyiah-Tiolet  mtM  U 
formed,  from  which  water  Mparatea  black  flocka  \Vogel,  N.  Br.  Arch,  xri.  1541— 
AVbeu  phlorizin  ia  corcred  with  ether  and  bromine  is  dropped  into  the  liquid,  ai  Jioa| 
aa  it  is  dpcoloritted  thereby,  the  phlonzin  diwolvea  oomplrtely  ;  and  on  eraporatuig  tW 
■olution,  boiling  the  residue  with  dilute  sulphuric  acia  (to  deoompoae  phJorixini  and 
recrystalliaing.  tetrabromo phloretin  (p.  492)  is  obtained  (Schmidt  and  He«ie, 
Ann.  Ch.  Pharm.  cxix.  1(16). — ChUrine,  hrominB  and  ittdin*  erolve  heat  from  dn 
phlorizin,  and  convert  it  into  a  brown  viscid  resin  (De  Koninck).  Fhloriaia trcatad 
with  chloride  of  iodine  yields  only  amorphoua  products  (Stenhouse,  Ann.  Ch.  Pliazs 
CEaiv.  218}. 

Alkalis  dissolve  phlorizin  without  alteration,  and  the  aolutiona  are  permanent  b  th* 
air.     Boiling  potaan  produces  a  black  aubstanoe. 

Phlorizin  absorbs  11  or  12  per  cent,  of  dry  ammonia-gas,  and  the  product  expoied  to 
the  air  gradually  sH^iumes  an  omngp  then  a  red  tint,  ultimately  becoznLng  dtfk  Ua^ 
and  then  consists  of  phlorizeatc  of  ammonium  (p.  493). 

Phloritate  of  Barium  is  obtained  by  mixing  the  solutions  of  phlorizin  and  baryta  ii 
wood-spirit.  A  precipitate  ia  tben  formed  wiiich  loses  itj  aiknlizw  n:^'a<?tionoa  eiptius 
to  the  air,  and  becomes  brownishred,  yielding  carbonic  anbydrido,  &^tie  acid,  and  a 
peculiar  colouring  malt4>r.  It  appears  to  contain  C*'H*^"3a"0.(iiZiaL  40*8  C^4'lfl, 
and  29-8— 3l)-2  BaO;  calc.  428  C.  4-1  H.  and  2fi-8  BaO). 

PhlorisaU  nf  Calcium  nppears  to  contain  2C»'H"*0'».30a"ll"0«  (anuL  16  2 — 14  p*» 
cent,  lime;  calc.  ld'3,)  It  is  obtained  by  eraporating  a  solution  of  phlorizic  or 
lime-water.     By  exposure  to  the  air,  it  is  decomposed  like  Lhe  bariam-compotuut 

PUorisaU  of  Lead  appears  to  contain  C^^H^'O^.SPb'O  ranal.  24-9  C,  51  H.  and 
69-2— 600  PbO;  calc.  22-7  C,  2  1  H  and  60-6  PbO).  It  is  inoducod  aa  a  white  {«•• 
cipiute  on  adding  basic  acetate  of  lead  to  a  boiling  solution  of  phlarian,  the  latur 
being  in  excess. 

rHX«OSOOXiVCZir.    C*H'0'.    (HUsiweti,  Ann.  Ch. Pharm.  zcri.  118;  en. 

9B;  cxix  199.— Gm.  ir.  65.) 

Formation, —  I.  Phloretin  boiled  with  potaah-lry  is  resolred  into  pbloretic  acid  and 
phloroglucin. — 2.  Quercetin,  under  the  ume  circumstancea,  ia  reaolTod  into  qnereibA 
acid  and  phloroglucin.     According  to  Hlaaiwets: 

C"H"0"   +  HK)     »     C'»H'K)«  +   (?H"0»; 

Quercetin,  Quercrtic        Ptitoroflfiete. 

add. 

according  toZwenger  and  Bronke  (Ann.  Ch.  Pharm.  cxxiii.  I£4): 
3C'*H'«0'   -t  HH)     -     C"H'*0*  +   3C^*0». 

Quercetin.  Quvrcvilc  Pbloro- 

actd.  gludn. 

3.    QuercvttD   in    alltaline  solution  treated  with  sodium-amalgam    is    alao  can»wtid 
into  phloroglucin,  together  with  a  coloorleas  product   diffierenl  from  qnercetie  add 
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(Hl&ni  v«tK,  Aon.  Cb.PbiuTn.cxxir.  358). — 4.  Morintannicftoidor  mae]ario(iii.  1040\ 
mixed  vith  b^rdnite  'of  potoeaium  and  eraporatftl  to  a  V*^7  mua,  u  rMoWed  into 
phloroglucio  and  protocat«chiiic  acid  (Hlaaiweti  and  Pfaandler): 
C'*H'»0«    +   H'O     -    C«H«0'   +   C'H«0*, 

Mot  inuonic  Pblonk         ProCocAte* 

acid.  flucio.         cbulc  Acld. 

Prfparation. — 1.  The  mixture  of  phloroglncin  and  carbonAte  of  notaasinm  obtained 
jia  dMK'ribed  in  the  preparation  of  phloretic  acid  (p.  489)  from  which  all  the  pblore- 
tatp  of  p>taiifliu[n  hua  be(*n  extmot^  bj  alcohol,  is  disaolred  in  water ;  dilute  milpburio 
acid  is  adtlfd  in  slight  exoesit ;  and  the  maas  is  e\'apor&ted  to  dryneaa  over  the  water- 
bath,  linJ  tKf'Q  wpII  lx>iled  with  alcohol  (better  with  ether-ul«>hol).  The  alcohol  is 
distilled  ofl"  aud  the  reiu'due  Ifft  to  cirstallise,  wherebjr  strungly  coloured  crystaU 
arc  obtained,  the  mother-liquor  aim  yieldinnE  an  udditional  quantity.  They  are  di»- 
Bolved  in  wat«r.  and  the  Eoliitinn  is  mixed  with  acetate  of  lead  (which  produces  no 
precipitate),  and  saturated  with  Bulpb/dric  add,  the  precipitated  ralphide  of  lead 
caminf;  down  neaily  the  whole  of  the  colooring  matter,  so  that  the  czystalt  vhicti 
afterwards  separate  hare  only  a  yellowish  tint,  ay  re-ciystallisatioD  from  ether  and 
afterwards  from  water,  they  may  be  obtained  quite  colourlens. 

2.  Quercetin  lb  added  to  a  hot  concentrated  BCiluliun  of  3  pta.  bydmte  of  potassiom, 
tlie  liquid  eviipomted  down  ut  the  boiling  beatt  and  the  residue  further  beatod,  till  a 
sdmplc  of  it  tikken  out  no  longer  yields  a  floccnient  precipitut«  with  hydrochloric  acid, 
but  quickly  ojisiuneai  a  deep  rod  colour  when  dissolved  m  water.  The  whole  ia  then 
immedintelv  diftsolved  in  water;  the  solution,  which  inatantlv  turns  red,  is  ocutralt.sed 
with  hydrochloric  aiMd;  and  the  flocfcH(of  alpha-quercetinanfl  nndecompo.sedquprcetiD) 
whii'h  are  di'po&ited  from  the  liquid  on  Manding  and  coolinp,  arc  aeparal*^  by  filtration. 
The  filtrate  is  evaporated  to  dryness,  the  residue  exhausted  with  alcohol ;  the  alcohnt 
distilled  off  from  (he  brown  tincture;  the  residue  dissolved  in  water,  and  mixed  with 
acetate  of  lead,  whereby  quercetate  of  lead  is  pr<»cipilated.  while  phlorogludn  reroaina 
in  solution.  The  lHtt<*r  is  obtained  in  the  cryKtalline  state  by  ^emo^'ing  the  lead  from 
the  tiiirute  with  ttuiphydric  acid  and  quickly  evaporating,  and  is  purified  by  r«- 
crystalliHation,  with  help  of  animal  charcoal. 

Prnpfrtirs. — Phloroplucin  separatee  from  aqueous  solution  in  hydrated  erystals 
CH*<>*.2H''0,  belonging  to  the  trimetric  system ;  by  slow  evaporation  they  may  be  ob- 
tained of  the  size  of  peaa.  and  with  irregular  prismatic  facfs.  The  crystals  grate  tietweea 
the  teeth,  effloresce  in  warm  air  and  in  vacuo,  or  more  quickly  at  90^,  giviu2  off  22*26 
to  '2247  per  cent,  water  (2  at  =  222  per  cent.),  aod  leaving  nnhydrous  phloroglucin. 
The  nnhydrous  compound  also  Reparates  directly  from  solution  in  anhydroua  ether. 
I'hlopoglucin  is  sweeter  tiian  common  !mjj;iu',  neutral  to  vegetable  colours,  permanent 
in  thr  air  at  onlinarv  tcTDjiemtupcfl,  melts  ut  about  220°,  sublimes  without  particular 
odour  and  adidities  on  cooling.  It  dissolves  in  water  and  alcvfuA,  and  readily  in  ether. 
It  is  not  altered  by  Kj/driHhiortc  acid;  doea  not  prccifiitate  any  metallic  salt  except 
baat'c  acetate  of  lead  with  which  it  forms  the  cf>mponnd  C'H*0'.2Pb''0.  It  is  colour<<d 
deep  violet -red  by  ferric  ckloridr,  and  produces  with  cklvridr  oftimt,  a  rcddiBh-yellow 
colour  which  however  aoou  diMppcan.  it  forms  a  compound  with  jHHaah,  which  gra- 
dually separates  in  red-brown  drops  from  the  alcoholic  extract  of  the  product  obtained 
by  bailing  phlon*tin  with  potiiah. 

Dtccmpimtiona.— Ammumac^l  phloroglucin  shaken  op  with  air,  beoomea  red-brown 
and  afterwards  opaque.  Phlorrtglucin  in  concentrated  aqueous  solution  is  converted  by 
bromine  into  t  r  i  bromo-phl  o  roe  1  u  c  i  n,  which  immediately  separates  in  the  crystalline 
form,  the  liquid  becoming  hot,  and  emitting  n  highly  tear-exciting  odour.  Nitrie  acid 
di.'jsolves  it  with  brown  colour,  and  converts  it  into  nitrophloroglncin  (p.  496).— 
Ammrnia  concerts  it  intophloraraine,  OH'NO'  (p.  488).  It  reduces  an  alkaline  tolu' 
Hon  of  cupric  oxidr,  like  gnipe-sugar.  It  redacea  mercttrous  nitrate  when  heated  with 
it,  and  likewise  nitrate  of  ei/ver,  with  peculiar  quickness  oo  addition  of  ammonia. 
With  chloride  of  acetyl,  chloride  of  benzoyl,  &&,  it  forms  substitution-products,  p.  496). 

Ikrivativet  of  Phloroglucin, 

TrtbromoplilOTOfflacln.  CH'Br^O'.  (Hlasiwete,  Ann.  Ch.  Phanu.  icvi, 
]Ig) — Produced  by  dropping  •bromine  into  concentrated  aqueouff  phtoTOgluciQ  tilJ  the 
colour  of  the  bromine  in  no  longer  destroyed,  and  the  liquid  has  solidified  to  a  cr}'iitallina 
pnip ;  the  product  is  then  collected  on  a  filter,  washed  with  cold  water,  and  recrystal- 
lif^ed  fnpm  boiling  water  with  help  of  animal  charcoal 

It  iTystalliies  from  water  in  long  needli's  (mostly  brownish),  from  alcohol  in  con- 
centrically united  priims,  containing  C'H'Br'O'.SHK),  which  give  off  their  water  in 
warm  air,  or  at  100^,  aud  are  redurad  to  anhydrous  tribromophloroglucin.     The  com- 
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pOQod  dissoWpe  vf^rj  slightly  in  cold,  more  freely  in  boiling  watffj,  bot 
tMirUj  decompo€«d  b^  cootinued  boiling.  It  difiitolT««  wry  readily  in  '** 
Lruwn  colour  in  aqueous  alkiiliH  and  alkalia«  cftrbonatei. 

xritrophloroslaelii.  C'H'NO*  »  OH*(N0«)0».  (HUsi  wet«  »nd  Pf*nn41«. 
Auu.  Ch.  riiuxm.  ciix.  199.) — When  phJoroglucin  uadded  b/snaall  quaoHtiaBto  woc 
^>rhr\t  'lilute  niLric  acid  moderately  heotcsl  and  kfpt  at  u  uniibrm  tempeiftteR;  a  d»^ 
\r^\  Mlution  is  formed,  which  deposits  the  nitro-oompounH  in  small  Dodalet:  liyner)*- 
talliflittion  frooi  hot  water  it  may  be  obtained  in  reddifih-yellow  shining  omIm  tU 
laminv,  baring  a  aligbtiy  bitter  taate.  It  la  alightly  soluble  in  water,  formiiigAjiQoT 
eolution. 

Aoetyl-plUoroi^laoin.       C'TI"0«     -     C«H*(C*H'0)*0'  ?       (H 1  «e i w e tx  ni 

Pfaundler.  Aon.  Ch.  Phurm.  exit  201.)— Chloride  of  acetyl  acts  on  phJOTOj^aanff» 

■  at  motui  t^mperatareo,  and  at  higher  tempomturefl  conv<>rT«  it,  with  erolution  of  h jitn- 

jchloric  acid,  into  a  white  crystalline  mass  of  the  acbtyl-compound  which,  aftatU 

tCKcess  of  chloride  of  acetyl  has  been  expelled,  may  be  reczyatolliaed  from  akobU.    b 

["Ibrma  small  colourleiw  prisms  which  giro  off  acetic  acid  wbfn  hAated,  and  are  iuotoUt 

fa  water.     Its  rational  formula  is  deduced  ^m  the  analogy  of  benBoylphloroglaRa, 

analysis  giving  no  means  of  determining  whether  I,  2.  or  3  at.  acetyl  hare  fuitefedislo 

the  phloroglucin  in  place  of  hydrogen,  inanoach  aa  oU  thr«>e  products  wuold  hart  tia 

8ani<>  per-cenf.ige  composition.     (Hlxsiweta) 

Bensoyl-ptUorogiooln.    C"H'*0<     -     C*H*(CrH*0)K>'.      (Hlasiweti  aid 
r  Pfuundler,  loe.  cit.) — Produced  bv  the  action  of  chloride  of  benzoyl  on  phloro^aoa, 
'and  parifled  by  boilii^  with  alcohol,  in  which  it  is  dearly  insoluble.     CrystaUiaaa 
ijmullf  whiU',  tihiuing  KcaK'S. 

PBX.OKOW1I,  (yii*OK  (Rommier  and  Bonilhon,  CompL  r«nd.lT.  SUV- 
This  compound,  homologous  with  quinono  (C'U'O'),  is  prottnced  by  distilling  2  pta,  ot 
coal-tar  creosote  (the  portion  of  crude  carbolic  ncid  boiling  between  199^  and  230*)^ 
and  3  pts.  oil  of  vitriol  in  a  capacious  retort,  adding  chmmate  of  potaMamn  (or  better, 
]>t-n>xide  of  mdn^ane.'>to)  from  timft  to  time.  A  yellow  distillate  ie  thoa  obtained  Bix«d 
with  yeltuw  dropw  which  quickly  eolidify,  and  may  be  purifltnl  by  preasore  betw«a 
paper  and  reciyfitaUisation  from  wati'r  at  60".  U  formti  splendid  yeUow  flexible  need^ 
soluble  in  alcohol,  only  ulightly  soluble  in  cold  waU>r,  and  smelling  Likeqaiikoae.  It 
melis  at  60° — 62°,  aod  vuUtilisea  with  vapour  of  water,  part  of  it  howerar  b«Bg 
blackened  and  decomposed  at  the  same  time. 

The  oolntion  of  phlorone,  like  that  of  quinone,  is  turnip  bmwn  by  alkalia.  andthn 
yields  a  brown  6ooculent  pnoipitato  with  acids.  Phlorone  is  deculorised  and  redattd 
by  Mulpkurous  aciJ,  yielding  a  xery  soluble  crystalUne  body,  probably  homologous  «iU 
hydroquinune ;  it  does  not  act  on  polarised  light, 

Metapblorona.  This  is  a  less  soluble  isomeric  modification  of  pKlorone,  wKicK 
remains  behind  when  phlorone  is  dissnlTed  in  waterat60°,  butcry8talli»ra  in  small  needlis 
from  watfr  at  90''.  It  melts  at  126",  dissnlTOs  in  hot  water  somewhat  mora  naddj 
than  in  cold,  and  bt'lmves  to  acids  and  alkalis  like  phlorone. 

PROOBVZC  ACZO.     8311.  with  Drlphtxio  Acid  (it  309). 
FBOCETrii.  or  PBOCSarm'.     Syn.  with  Delphw  (ii.  309). 

PK<EJffZCZlff'.     Syn.  with  Sclphoph<knicio  Acid.     See   Ihhiqo- sxn.TUvmc 

(iii.  261,1. 

PRSWZCrrS  or  PHSirxxoCHmoZTB.   Syn.  with  MsLONArHSoiTB  (iil  9S$). 

PBOXiBRXTB.     A  kind  of  clay,  not  difTcring  much  from  Kaolin  in  compoaitiaa, 

but  oocurrini^  in  i-oft,  white  nncroons  soUes.  Spetjiflc  groTitv  2'35 — 3*67.  InfasUe, 
Occurs  Hi  Fiiis  in  the  d«'pt.  of  Allier,  and  at  Rive  de  Gier,  dept.  de  la  Loire,  FtiBce. 
filling  fi-viurrfi  in  nodules  of  iron  ore  in  tbe  coaJ  formation;  also  at  Cache- Apx^s,  si 
Mons  in  Belgium  ;  with  emfry  at  Noxos,  and  with  dmspoiw  at  Schemnitz  (Daos);  is 
fiwnes  of  the  I)lui»h-pr.'y  saridBtone  of  LodAre  in  Herault  (Piaani)  near  Freibcxg,  4tt 
(R.  Muller,  Johresb.  1861,  p.  1U03.) 

PHOBOUTS.     Syn.  with  CuKKSTY>ifi  (i.  1025). 

PHOSMXlirB  or  Pteudomorpkine.     See  MoRpRnm  (iii.  1051)l 

PHOROXX;.    Syn.  with  Camphoroke (L  733). 

PHOsosjra.    Syn.  with  Oxtchloeudi  of  Carbon  or  Cux^RiDa  op  Caxaoam 

(i.  774). 

PBOsasM'lT'X.     Chlorocarbonate  of  Lead  (iii.  339). 

PKOspba.CX:tzc  A0ZI>.  Oucof  the  acids  which  Zeiae  obtained  by  the  aetws 
of  phuiphorus  on  acetone  (i.  28). 


CMhtj 

AcnsV 
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raosVHAM.  PHN*.  (H.  Bose.  Fogg.  Ann.  zzriii.  529.— Oerhardt,  Ann. 
Ch.  Phyn.  [3]  xviii.  188.— Schiff,  Ch.  Pharm.  dil  188.)— This  compound  is  the 
nitrile  of  phosphoric  add,  its  relation  to  that  acid  being  similar  to  that  of  acetonitrilo 
to  aeetio  add : 


C*H«0"     + 

NH»    -     2^0 

-      C«H»N. 

Acetic  Mid. 

Acebmiirile. 

PHW      + 

2NH"    -     4H«0 

-      PHN«. 

Of  pharle  uUL 

PbosphsiD. 

Ifcbobtalned :  1.  By  passing  ammonia-gas  over  pentachloride  of  phosphoms,  and  heating 
the  prodnot  in  a  stream  of  carbonic  anhydride  (H.  Bose).  According  to  Bose  the 
compound  thus  formed  is  a  dinitride  of  phosphorus,  PN*;  but  according  to  Gcrhardt  it 
has  the  composition  above  given,  its  formation  taking  place  as  shown  by  the  equation : 

PC1»     +     2NH»      -      6HCa     +     PHN«. 

2.  Bv  saturating  phosphoric  anhydride  as  completely  as  possible  with  ammonia-gas, 
and  heating  the  product  in  a  dry  current  of  that  gas  (Schiff) : 

F0»     +     4NH»       -      2PHN»     +     6HH). 

On  treating  the  product  with  oold  water,  phosphoric  add  dissolves,  and  phospham 
remains. 

Phospham,  prepared  by  the  first  process,  is  a  bnlky  powder,white  if  moisture  has  been 
enrefiilly  exduded during  its  preparation^  reddish  in  the  contrary  case;  as  obtained  by 
the  second  process  it  is  yellowish-red.  When  heated  in  a  close  vessel  it  neither  fuses 
nor  volatilises.  Water  decomposes  it  at  a  high  temperature,  forming  ammonia  and 
phosphoric  add,  and  it  is  decomposed  in  like  manner  by  fusion  with  hydrate  of 
potassium. 


lr}l-i 


:o  AGZB.    PH*NO«  -  (PO)"'Vg,— This  compound  is  produced, 

aeorading  to  Schiff  (Ann.  Ch.  Pharm.  dii.  168),  by  the  action  of  ammonia-gas  on 
phosphoric  anhydride,  according  to  the  equation : 

P«0»     +     2NH«      -      2PH«N0«     +     H«0, 
also  by  the  action  of  water  on  chloronitride  of  phosphorus : 

NPC1«     +     2EP0       -      PH«NO«      +     2Ha 

Oladstone,  however  (Chem.  Soa  J.  zvii  229\  has  shown  that  the  product  formed  in 

H*     )„, 
both  these  reactions  is  pyrophosphodiamie  add,  P^HH>*  «>  (PK)*)<*  >q^  according 

to  the  equations: 

PH>»     +     2NH»      -      P»N»H»0». 
2N»PH:1«     +  IfiHH)       -     3P»N»H«0»     +     12Ha 

(See  PnoFBOsrHAiao  Acidb.) 

Pken.yl-jpho9phamic  acid,  (POjT  >»,— Aniline  acts  strongly  on  phosphoric  anhydride, 
&    ' 
■(mazvntly  producing  this  compound  (Schiff)  [or  perhaps  phenyl-pyrophosphodiamio 
•eid].  

raOWKAaODBS.  These  are  componnds  formed  from  one  or  more  molecules  of 
ammonia,  bvthe  substitution  of  ^osphatyl,  PO,  for  3  atoms  of  hydrogen.  (Gerhardt^ 
Ann.  Ch.  Phys.  [3]  xviii.  188.— H.  Schiff,  Aim-  Ch.  Pharm.  cl  300.) 

1.  Photphomonamidt,  N(PO)'*.  (Gerhardfs  Bt^Aos/)Aamu20.)-— This  compound, 
which  contains  the  elements  of  mono-ammonic  phosphate  minus  3  at.  water  [PH\NH*) 
O*  —  SHK)],  is  obtained  by  heating  phosphodiumide  or  phosphotriamide  without  access 

N»H*PO     -    NH«      -      NPO. 

Pbotphodl- 

Mnlde. 

N'H«PO     -     2NH»     -       NPO. 
Phospho-triamlde. 

It  is  a  pulverulent  substance  resembling  phospho-triamide  in  its  reactions,  but  still 
more  difficult  to  decompose. 

2.  PkospkodiaMide, '  ^i    \^-     (C^erha^dt's  Phosph4xmide,)^Thi8  amide  which 

may  be  regarded  as  diaramonic  phosphate,  PH(NH*)'0\  nunttji  3  at.  water,  is  prodnced; 
I.  By  saturating  pentachloride of  phoephums  with  ammoniu-gaa,  whereby  thn  so-called 
Yql,  XV.  K  K 
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ehlmtphoaphitmidf,  N'H'PCI',  oppeaxs  to  be  fiml  fonned,*  Aad  boiling  this  pnOna  »A 
Wfttrr: 

Pa»  +     4NH»       -       N'H'PCl"      +      2NHTL 


sod 


N«H»P01" 


mo 


N'H»PO 


ancL 


Th<^  prrvinct  is  purified  by  boiling,  first  with  cEuslic  potsah,  then  with  nitric  cr  a^ 
jihuno  iwid.  BiKl  finally,  by  wii"h)tig  with  water.  It  ii>  a  whil«  prtwder,  uuoiaMffii 
v.ttfr,  alcfiltol,  nnd  uil  of  turpentirm.  When  hcuted  without  accrs*  of  ftii*,  itgiTMcf  ^ 
l^mnniii,  fin<t  learifl  phosphomomtmide :  ))Ui  if  raoisture  be  prf^srnt,  it  yiidosaaaetti 
mid  mofaphospliorio  acid.  PumsI  with  hydrat«  of  potaMtiam.  it  pTCB  offunmoiii&iri 
learcR  phosphate  of  potaminra.  It  resists  the  action  of  moat  oxi<it«iiig  agents;  bilii 
bIowIj  oxidiBwi  by  fusion  with  nitre,  and  deflagrat«fl  with  chlorate  of  pota«iuii. 

Liebip  and  Wohler,  who  diftcovered  this  coznpoand,  inipposed  it  to  be  a  fajdMlicf 
phosphide  of  nitrogen,  PN'.H*0. 

Z,  Phosphotriamidf,^^^^hi*  -  P(NH«)»0*  -  3H*0.— When  dfyamnocuej 

gas  id  filnwly  pnttHod   into  oijchloride  of  pbosphonu  {chloride  of  phosphaty],  POQ'i, 

and  the  product  nftcrwarda  treated  with  wHt<*r,  a  aolution  of  wil-Ammoniac  i«  obraiMid, 

together  with  a  soow-white,  amorphous  iDsolahle  substance,  which  i«  phoepboOriaBid»; 

POCl"    +    6NH»     -     3NH*CI    *    N'H'PO. 

This  compound  is  scarcely  attacked  by  continued  bcnlins  with  wafer,  pntaab  l«y.  or 
dilute  acida.  It  is  Tcrv  slowly  decomposed  by  boiling  with  strong  ni^ie  or  bydi^ 
chloric  Aoid,  more  readily  by  aqua>regia.  Strong  sulphuric  or  nitro-snlpliiine  add 
diaadlvea  it  easily  at  a  gentle  heat,  forming  a  solution  which  contains  amniCDit  ttd 
phosphoric  acid.  It  ia  not  completely  decomposed  by  heating  with  soda-UniA.  ▼kn 
fuBotl  with  hydmte  uf  pulasfiurai.  it  ^Te«  off*  a  Urge  tjunnttty  uf  ttmmonim,  and  Ircna 
phosphate  of  poUisbium.  Heated  alun«,  out  of  contact  of  air.  it  also  given  off  ammooa 
ind  loaves  pho^phomonamide,  which,  on  being  heated  with  pot>s«h«  endvea  Mcn 
ammonia  and  ledTes  phosphate  of  potasaium. 

(por  I 

Triphenyl'phoafhotrianUdt^  (CH*)'  VN',  is  obtained  by  the  action  of  anhydrnas  aii* 

line  on  oxychloride  of  phosphorns ;  it  is  a  white  mass,  mor«  eaailj  deoomponble  Iko 

chosphotrinmido. 

(por^ 

Tnnaphihyl-phosiiJv>triam\de,((y*WY\'^,  is  obtained  in  like  mAtmer  by  tbettfks 

^*     ( 

of  naphtiiylamine,  (C'*H')II*y,  on  oxychloride  of  phoephoma. 

Sidpkuphoaphotriamide^  ^  -Xi   [  N',  is  obtained  by  treating  sulphochloride  ot  ] 

phoms,  PSCl',  with  ammoniacal  gas :  it  is  also  a  white  ma&a,  which  ia  de«ompOMd  h^\ 
water,  with  evolution  of  eulphydne  acid  gns. 

7Yiphrnjfl'itUj/hophosphotriatHidtt{C^Ji*yyi*\  is  obtained  in  like  mnnnar,  by  tU  j 

aetion  of  aniline  on  aulphochloride  of  phoepboma.      (8chiff,  Ann.  Ch.  Phan,eLl 
800.) 

rBOSrBAASMOVnniKS.      Bases  formed  on  the  mixed  type,    ^™  {  ;tott^  j 

(C«H<)') 
ample,  ftkyl^ne-trivuttktfl'triithyl'pkfBphammoniumy    (CH')"  rS 

(C«H")"3  ^' 

PBOsmaAiYZ.-TRxaTBTium«  and  rHospBA9rr&-XRxacxm&- 

IDW,       (8<'e    PHOHf' HOlirs-BASKS.  ) 

PBOSPRANXXXC    ACZI>.     Syn.  with  PHKNTL-pBOSPjiAHic  Acm  (p.  497). 

PHOSPHA20'Tt>EO»IC  ACXO.  This  name  is  applied  to  the  solution  oMaiLed 
by  dropping  pentachlnride  of  antimony  into  aqueous  phosphoric  aai.  It  prvcipitatei 
certain  alkiilotds,  morphine,  narcotine,  nicotine,  &c. 


( 


PHOSPBARSOiritntCS. 


ine'kcxrtkyl-pko9phar$onmm^ 


Buses  formed  on  the  mixed  type,  *^i?   |,  t,g,^^i^ 


(CH')"iP 
(CTI')*iA»- 


"  T\\^  «cti>'ui  nf  junnnnnla  nn   firii larti lorf rl»  tti  ptio>phonii  h  e<Hnptlc«tcd,  Servral 
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See  Fhosphorub,  Oxisxs  ako  Oxtoek-aods  or. 

raOBTBATZC  ACXS.  Httpophoaphorie  acid.  Prlletier'a  Phoaphorout  acid.--' 
These  Dame«  hk  applied  to  the  syrupy  mixture  of  phosphoric  and  phosphorous  acids 
produced  by  the  slow  combustion  of  phonphonis  in  moist  air.  A  convenient  way  of 
pveparing  it  is  to  introduce  a  number  of  separate  sticks  of  phosphorus  into  glass 
tabes  an  inch  long,  open  abore  and  below,  but  drawn  out  funnel-shape  at  the  bottom, 
these  tubes  being  arranged  in  a  funnel,  and  the  hmnel  inserted  into  a  bottle  which 
Mands  in  a  dish  containing  water.  The  whole  arrangement  is  coTpred  with  a  bell-jar, 
Vnt  in  such  a  manner  as  to  give  access  to  the  nct^mal  air,  which  however  should  not 
1w  very  warm,  as  in  that  case  the  phosphorus  may  melt  and  take  fire.  The  scid  which 
eollects  in  the  bottle  is  equal  to  three  times  the  weight  of  the  phosphorus  consumed, 
but  may  be  obtained  in  a  more  concentrated  state  by  evaporation.  It  is  a  mixture  of 
about  1  at.  phosphorous  acid  to  4  at.  phosphoric  add. 

VHOSnaXBXC  &CZO.  The  name  given  by  Zeise  (Ann.  Ch.  Phann.  xli.  81) 
to  an  add  which  he  obtained  by  the  action  of  finely  divided  phosphorus  on  ether. 

raoSVHBnTZ.ZUlK.  >     g^  PMOBPHOBua-BASBa. 

noWBSmXr^UMBTSTUiriK.  J     ^  l^OBPHOBUS-BASaa. 


Compounds  of  phosphorus  with  more  basic  elements  or  com- 
pound-radicles.  The  phosphides  of  hydrogen  have  been  already  described  (iiL  199); 
also  the  general  characters  of  the  metallic  phosphides  ^iii.  941);  for  the  special 
descriptions,  see  the  several  metals.  The  phosphides  of  the  alcohol-radicles,  e.g.  tri- 
ethyl-phosphine  (C*H')*P,  will  be  described  under  Puosphosus^basbs. 

See  Fhospeobvs,  OxTOXN-Acms  of. 

AOXD.    An  acid  produced  by  the  action  of  phos- 
phmic  anhydride  on  oil  of  bergamot  (i.  dSl). 

VBOSMOCBatZTB.     Native  phosphat«  of  cerium.     (See  Phosphatu.) 
VBOBVBOOKA&CZTS*  Kative  hydrated  capiie  phosphate.   (See  Peobphatss.) 
yBOSraoOKTCBKZO  ACXS.    Syn.  with  Qltcxrophosfhoiuo  Acm  (il  891). 
VBOayaO-anBOQtmroVSO   AOZB.      OHrPO*.     (See  BxaxvATrrBS  or 

HTDBOQtTmOKB,  111.  217-) 

no»Ba-BCBTBnzirK.     >     Sae  Phosphobcs-basm. 

»BOSrBOMaTBTX;-TBXBTHTUni. ;      ^^  I^OSPHOBUS-BABBS. 

VBOSVBOMOX^TSnzC   ACZB.    See  MoLTBDamw  (iii  1037). 
VBOSTBOBBSCBBOa.     See  Light  (iii.  690,  632). 


nS»Souo  ^^^.  I     SeePHOSFHOKCs,  Oxtobn-acids  of. 

VBOWBOBXTB,  A  massive  radiated  variety  of  apatite  (L  348),  chiefly  obtained 
from  Efitremadura  in  Spain  and  Schlackenwald  in  Bohemia. 

yBOSVaoBOOBA&OZTB.  A  variety  of  hydrated  eupric  phosphate.  (Sea 
Fbosphatu.) 

VBOSrBOBOSAlKZBBS.  Amides  in  which  3  at  hydrogen  are  replaced  by 
1  at.  phosphorus.  Trichloride  of  phosphorus  absorbs  3  at.  of  ammonia,  forming  a 
whitomaas  of  sal-ammoniac  and  phosphoroso-triamide,  K'H^": 

PCI*  +   6NH"     -.     3NH*CI  +  N»H*P. 

Tliia  mass  when  heated  out  of  contact  with  the  air,  gives  off  ammonia  and  sal-ammo- 
adao^  leaving  a  yellowish  amorphous  residue  which  has  been  described  as  a  phosphide 
of  nitrogen,  but  which  in  all  probability  is  a  mixture  of  phosphoroso-diamide, 
K*H"P^  and  phosphoroso-monamide,  NP". 

VBOftVBOBOim  JLCZn  JBJm  BTBBBB.  See  Phosphobus,  Oxtobk-acids 
OF. 


Atomie  weight  31.  Sgn^ol  P.  Combining  volume  i.  Vapour^ 
denaiiy,  by  calculation  «•  62  referred  to  hydrogen  as  unity,  4*284  referred  to  air ;  by 
observation,  62*1  and  4-36. 

This  element,  though  very  widely  diffused  in  water,  is  never  fbond  in  the  uncombined 
•tate,  but  almotft  alwsys  in  the  form  of  a  metallic  phosphate,  and  chiefly  as  phosphate 
of  calcium,  which  forms  the  principal  constituent  of  apatite,  phosphorite,  cuprolites,  &c. 
Combined  phosphoric  acid  is  also  found,  though  in  very  minute  proportions,  in  most  of 
the  primitive  rocks,  and  in  soils  produced  by  their  disintegration,  whence  it  is  taken  up 
by  ptantSy  accumulatiiig  chiefly  in  the  seed.    From  the  vegetable  ii.  passes  into  tUa 
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animfil  tingdotn.  wbcpc  it  exisUi  in  the  laiwt  ppoportion.  It  i»  frmod  in  \he  iUoi  x 
the  urine,  in  all  the  soft  tiwups,  Mpecially  the  aervou*  ttiaue,  and  in  fht  \ri^,  i 
whicK  indeed  phosphate  of  CHlcinm  constitute*  the  chief  earthj"  constita^Tit.  Trfc^»r,f 
phosphoric  acid  have  aUo  heen  fr>und  in  the  wnter  of  spring*  &iid  riTers«  sod  iccwrli-^ 
to  Rurral  (OompL  rtnd.  li.  769)  in  rain-vater. 

Phosphonia  was  diftcoTprod  in  1669  by  Brandt  of  Hamburg,  who  obt*in*d  it  ky 
diwilliog  the  residup  of empurated  urine  with  chiiroool.  Qahn  in  1769ibo«*46ii 
be  «  couMtJtuent  uf  bouefl,  and  Scheele.  six  years  hiter,  founded  on  this  obKcniwAi 
process  for  the  exlra*.'rton  of  phowphoru*  from  bones,  namely  by  dige«tixig  whit*-hm 
oones  fbr  several  days  with  ailuto  nilric  acid,  renioviug  th-C  lime  bj  solphuiicia^ 
evaporating  to  a  syrup,  and  distilling  with  charcoal  powder.  This  prooeas  wusK^i^ 
ficd  by  Nicolas  and  Pelletier  (J.  ^hys.  xi.  and  xxviii.)  who  d^orjmpand  the fae»- 
[*  ash  diroetly  with  sulphuric  acid  ;  and  r  ourcror  and  Vauq  uelio  (J.  Fhara.  i  Vl 
Kftf^rw&rds  determined  the  Hxn<t  proportion  of  sulphuric  acid  required  for  tha  eouplai  J 
deoomposition  of  the  bone-earth. 

Bone-earth  consists  mainly  of  ti-icalcie  phosphate  C^'P'O*.  "Sow  eafthy  and  alksfiii  | 
phosphates  contaioiag  3  atoms  of  metal  are  nut  decomposed  by  ignition  with  charcoal,  bsi  j 
phosphoric  acid  and  anhydride  are  completely  reduced  by  this  tr^utment,  vhiLetlsl 
metaphoaphates,  which  may  be  ref^arded  as  compounds  of  trimeta11i<?  phMphates  vri^  ' 
phosphoric  anhydride  (*.y.3CaP"0*  -  Cu'P'O"  +  2P«0»),  are  partially  reduced.  Th» 
tint  step  therefore  in  the  manufacture  of  phosphorus  conijists  in  the  production  of  aloe 
metJiphoBphate. 

Bones  are  burnt  to  a  white  ash  which  is  finely  powdered  &nd  mixed  with  aquantitT 
of  dilute  sulphuric  acid  sufficient  to  abstxHct  two-thirds  of  the  calcium  fix'ra  the  nb! 
triphosphate  and  to  dwrompose  the  whole  of  the  calcic  carbonate  contained  in  ihr  'tc*- 
aab.  Abont  3  ptji.  bone-ash  and  2  pts.  strong  sulphuric  acid  mixed  with  IS  pta.  «4ier 
are  th»  proportions  generally  employed : 

C^'P^O'  +    2H»S0'     =.     Ca'^'P'O*   +    2Ca''SO*. 


After  subsidence,  the  soluble  monocalcic  phosphate  (superphosphate  of  Ihae)i 
and  pressed  from  the  insoluble  gypsum,  which  is  sbghtly  washed  with  wato.  lit 
vashiogB  are  added  to  the  phosphate  solution,  which  is  then  ei'aporated  to  a  syrap.  mtisil 
with  al^ut  one-fourth  its  weight  of  charcoal  powder,  and  heated  zradnally  to  aaQ  i«ii> 
noss  in  an  iron  pot,  stirrini;  all  tb<-  time.  B^-this  moans  the  basic  water  of  the  iaoD>^ 
calcic  pbcaphate  is  drawn  o^  and  a  porous  mixture  of  charcoal  and  metaphMpbaic  ii . 
obtained : 

Ca'H*P»0»     -     CaT»0«   +    2n«0; 
and  on  distilling  this  mixture  at  a  bright  red  heat,  phosphorus  is  set  free  and  \ 
orer  in  vapour,  which  may  be  condensed  under  water;  carbonic  oxide  also  ceeapoii 
tricalcic  phosphate  is  reproduced  and  remains  behind :  ^ 


ZCoTFH^  +   C* 


Ca»P-0-   +    lOCO    +    P*. 


By  mixing  sand  with  the  charcoal-paHte,  as  recommended  by  Wohler,  the  whole  dl 
the  phosphorus  may  bo  expelled,  the  calcic  phosphate  being  entirolj  oonreiled  iaxa 
•iiieata: 

2CaT»0*   +    2SiO'   +    C»     -     2Ca-SiO«   -i-    lOCO    +    P«. 

Tlie  di.*(t illation  is  performed  in  an  earthen  retort  a  {fig.  735),  which  is  erMtM  rz- 
teniaUy  with  a  thjn  pa^te  cons-ihtiDg  of  a  mixture  of  eqiial  pdrts  of  bonix  and  flif-^JiT 
to  render  the  retort  Icjis  porous.  The  heat  is  slowly  raised  to  full  redneM,  aodtiie 
phosphorus,  which  rit^v^  in  vapour,  is  oonveyod  by  a  wide  copp*«r  tub^s  b^nt  as  at  £,  lo  ai 
to  dip  into  water  contained  in  a  vessel  provided  with  a  sniallcr  tube  for  conieyiiig 
the  uncondensed  pues  into  a  chimney.  The  phosphorus  condenses  in  yellow  dns 
which  sink  to  the  bottom  uf  the  water,  without  coming  in  contact  with  the  air  0« 
the  large  scale  a  number  of  retortE:cuntuining  the  mixture  are  heated  in  a  galley-teaaoa 
According  to  cak-uhvtion  the  yii^ld  uf  pfiosphonis  by  the  method  above descri bed (Mt 
using  sand)  should  :imoun(  lo  11  per  cent  of  the  bone-ash,  and  in  earefuJIy  coitdtKted 
operations  this  amouot  is  in  faet  obtained,  but  the  averuge  yield  does  not  cxC''^  8  nv 
cent.,  the  loss  uriaing  principally  from  diffindties  in  the  prtkcesA  of  distillation.  Th 
consumption  of  fuel  i^  tWso  very  lur^e,  and  the  cost  of  the  process  is  greatly  inoreand 
by  the  frequent  brt»:ikiige  of  the  earthen  retorts.  It  has  not  yet  been  found  pombletoo^ 
viato  thc^i'inconvcniencca  in  the  process,  and  accordingly  thiM-ffurtsofmam^ctsrefshns 
rather  l>e<*n  directed  to  make  up  for  the  unavuidabto  losses  iiivolred  in  the  prvpantiot 
of  phosphorus,  by  a  judiL'iouH  applicatioo  of  the  secondary  products.  esp««ciullj  by  makinf 
use  of  the  animal  mutt^^r  of  the  bones,  which  was  formerly  allowc-d  to  bum  away. 

With  this  view  the  biines  are  first  freed  from  iat  by  boiling  tiieoa  with  water  lad 
skimming  off  the  liquid  fat  which  ftuats  ou  tUe  (.urCaca ;  this  fat  may  be  osed  for  t!it  J 
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pnpAAtion  of  BOap.  The  bonp«  are  then  either  subjected  to  the  action  of  raperli  rated 
■t^am,  wherehy  the  gelatinoae  mntter  is  extracted,  and  the  remaining  earthy  matter, 
aftor  being  dried  and  calcined,  is  used  for  the  preparation  of  phoeph(vns  as  above  de- 

Fig,  786. 


ambed ;  or  they  are  treated  with  dilute  hydrochloric  acid,  which  dissolres  out  the  earthy 
natter  and  leaves  the  cartila^inoua  sabstance  in  a  state  availnble  for  the  preparation 
of  setatin ;  and  the  acid  solution  is  precipitated  with  milk  of  lime,  or  better  with  crude 
carbonate  of  ammonia,  whereby  tricalcic  phosphate  ia  obtained,  to  be  used  an  above. 

Another  mode  of  operation  couBiats  in  subjecting  the  bones  to  destructive  diHtillation, 
whereby  ammonium-salts  and  bone-oharcoal  are  obtained.  The  latter  ia  either  first 
iiaed  in  the  refining  of  sugar,  and  after  it  has  become  unavailable  for  this  parpoHC,  cal- 
cined for  the  preparation  of  phosphorus;  or  it  is  purifitMi  by  exhaustion  with  hut  hvdro- 
ehloric  add,  and  the  solution  separated  from  the  purified  charcoal  {noir  pur^/U)  is 
transformed  as  above  into  tricalcic  phnsphate. 

Of  late  yeara,  processes  of  maimfacture  have  been  proposed  which  dispense  with  the 
necessity  of  decomposing  the  bones  with  sulphuric  acid.  Flock(Polyteokn.  Centralbl. 
1866.  p.  681 ;  Pharm.  J.  Trans,  xvi.  173)  macerates  the  bones  with  dilute  hydrochloric 
acid,  and  evaporates  the  decanted  solution  to  such  a  degree  of  concentration,  that  on 
cnoUng  it  deposits  crystals  of  aei<l  phosphate  of  calcium.  Ttiis  salt,  after  being  freed 
Aom  mother-liquor  by  pressure  between  porous  stones,  is  mixed  with  a  fourth  part  of 
its  weight  of  wood-charcoal  and  distilled. 

Cary-Mantrand  (Compt.  rend,  xxxvi.  854)  passes  hydrochloric  acid  pas  over  a 
mixture  of  l>one-pho8phate  and  clmrooal  at  a  red  heat,  whereby  the  whole  of  the  phos- 
phonis  is  set  free  and  chloride  of  calciiun  remains: 

cSt^o*  +  c"  +  enci   -   3Ca''a«  +  sco  +  h«  +  p*. 

This  mixture  is  introduced  into  fire-clay  cylinders  open  at  both  ends,  laid  horisontally 
in  a  furnace,  connected  at  one  end  with  an  apparatus  for  generating  hydrochlorie 
acid  gas,  and  provided  at  the  other  with  copper  adapters  dipping  into  receivere  con- 
taiaiDg  water.  At  the  close  of  an  operation,  the  residue  of  chloride  of  calcium  and 
eharooal  may  be  removed  from  the  cylinders  and  a  fresh  charge  introducetl,  without 
patting  oat  the  fire.  The  diloride  of  calcium  may  be  decomposwl  by  sulphuric  acid,  so 
as  to  yield  hydrochloric  acid  for  the  next  operation.  It  does  not  appear  however  that 
either  this  or  the  preceding  process  has  yet  been  adopted  on  the  manufacturing  scale 
the  old  process  by  Nicolas  and  Pelletier  being  that  which  is  invariably  used. 

Purification. — The  crude  phosphorus  obtained  by  the  flrat  distillrttion  is  contaminated 
with  oxidea  of  phosphorus,  red  phosphorus,  and  other  substances  wliich  give  it  a  re^l  or 
brown  colour.  It  is  purified  hy  mechanical  filtration  or  pressure  through  chamois- 
laather,  by  redistillation,  or  finally  by  chemical  means,  viz.  by  fusion  and  partial  oxi- 
dation. The  old  method  of  pressing  through  chamois -leather  appears  to  be  no  lonfjer 
in  use,  the  supply  of  chamois-leather  in  fact  not  being  sufficient  for  the  purififatiim  of 
the  large  quantities  of  phoaphorus  now  manufactured.  The  filtration  through  slabs  of 
chamotte-stODO,  or  layers  of  charcoal,  introduced  into  French  suuiufactories,  has  been 
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Abandoned  tut  too  eloir.     The  porificfttion  of  pboRphonu  by   F«distniAU^  ii 
but  is  attended  with  some  lout  and  inrolm  «  coosidcnbU  expexidilare  of  AmL 

In  mort  miinuf*ctur«t,  the  parifiiMtioD  of  phonphorua  i?  now  t-ucotamfnUj  nd  tt^ 
BkicaUy  cffl'ctMi  by  treaUiig  the  crud4«  product  with  sulphuric  arid  itnd  chnutft  cf 
potassium,  fta  firet  oagceffled  b/  Wohler.  For  thit  purpose  a  miattnr©  of  cknnktf 
potaseiuro  and  aulpHuric  add  is  added  to  the  nielt«d  musa  of  crude  pbo^phonsa  Tb*  ni 
phoHphoma  appenra  tiien  to  be  ozidined  fimt,  and  the  impurities  rise  toUief  uHan  tctte 
xorm  of  a  FCUiOf  whilr  the  pure  phoaphoms  remiiini  coloarletta  tuid  tnu&pamit  il  tta 
bottom  of  the  vesnet. 

Mouldifip. — PboBj^homii  is  frequently  eent  into  the  market  in  aticWa.  This  ihi^  m 
formerly  given  to  it  by  dmiriog  the  melted  pbofphoms  into  fflaaa  tubeifl  with  tbaaiMk, 
eare  being  taken  to  ke«p  the  upper  pnrt  of  the  tube  filled  intb  water.  This  daoi^naa 
method  haa  however  been  entirely  saprrseded  by  the  following,  demised  by  3evb«rt 
(Add.  Ch.  Pharm.  xlix.  346).— The  phoKphonii  is  liquefied  in  an  elliptical  orcrval 
reMnl  containing  water,  which  iakt*pt  rxactly  at  tlie  melting  point  of  pho«phon»H4'C 
orUl°F.).  From  the bottoQiofthia Teasel  thereproceedaaji  elbow-tubot  ooohmCoJ^ 
a  socket  and  stopoook  with  a  horixontal  gliuu  tube  soldered  into  the  aide  of  aiwri 
eoutaining  cold  water.  On  openirg  the  cock,  the  liquid  phosphorus  iSowa  into  th*fci«v 
BODt&l  tube,  where  itsoUdiflea;  and  by  rhruotinga  copper  wire  a  little  way  iato  lU 
tube,  allowinf;  the  phoffphoros  to  solidify  around  it,  aod  thea  gradually  vii^- 
dmwing  the  wire  with  the  stick  of  phonphoms  adhering  to  it.  the  melted  pho^hcea 
mill  continue  to  flow  into  the  tube  and  solidify,  and  may  th^n  bedmwn  out  into  a  U«« 
cjUndcr,  which  may  aftenrarda  be  cut  into  atidu  of  any  required  length.  * 

The  same  apparatua  may  be  usod  for  the  gmoulation  of  phosphome.  For  this  pn^ 
poae,  the  Teasel  containing  the  hurizontal  tube  is  filled  with  cold  water  only  rojn*! 
b**low  the  level  of  that  tube,  and  upon  it  is  can-fully  pourwl  a  layer  of  warm  w«i«  t 
thin  bonrd  being  interposed  to  prevent  the  warm  water  from  at  once  mixing  w\lb  *\* 
cold.  On  nr>ening  the  stopcock  fo  a  moderate  extent,  the  melte<l  phosphonis  flow  ti 
the  end  of  the  horizunt-U  tube  and  falls  out  in  socces-'ire  dropti,  whicn  aolidify  inpaaua^ 
through  the  cold  water,  and  collect  at  the  bottom  in  grmioa. 

Phuxphoms  may  also  be  grannUted  by  agitating  it,  while  in  tlm  fdsed  stiite,  wilb  » 
warm  liquid  till  it  Bolidific>e.  For  tliia  purpoen,  aceording  to  Oasaarca  T'  ^" 
xvi.  202),  alcohol  of  36"  B.  is  IwClet  adapird  thun  waUr.  Arrordiog  t< 
(Bntrtuff  tur  t'htfuic  und  Phi/tik.  i.  65;  ii.  127),  the  liquid  which  reduces  p..^-j-*..,* 
to  the  finest  state  of  granulation  is  human  urine  ;  and  it  dorivpa  this  property  kxxa  t&t 
tirea  which  it  contains,  so  that  an  aqueous  nolution  of  artificial  urea  may  be  cwj  m  t 
more  cleanly  tfUlislitute  fur  the  urine.  A  tall  cylinder  an  inch  wide  is  half  filled  «Ttk 
a  liquid  of  tliiH  kind,  and  hcnt  applied  till  the  pbosphornfi  tntrodac*<d  inlu  it  is  melt<«j: 
the  phosphorus  is  then  worked  about  fur  two  minutes,  by  meana  of  a  twirlix^  sticL 
which  pa«M<e  through  the  opening  of  the  wooden  cover  of  the  cylind'-r ;  it  u  iShm 
brought  into  a  fine  state  of  diviiiioD.  The  remaining  portion  uf  toe  cylinder  is  tbeo 
filled  with  cold  water,  the  twirling  motion  U-ing  continued  all  the  while,  WksD  tW 
liquid  comes  to  rest,  the  pbof  phorua  is  dt* poeited  iu  the  state  of  powder ;  the  liquid  it 
then  poumd  ofl^,  and  the  pbospborus  washed  with  water.  Respocting  the  9uppgsr<i 
mode  of  action  of  the  urea  see  Scliiff  (Ann.  Ch.  Pharm.  cxviii.  88).  BlondUt(J. 
Pbarm.  [-t]  i.  72)  n^comrornda  the  use  of  migaror  of  a  salt  in  place  of  urva- 

To  the  larger  manufacturers  of  lucifer-matchea  the  phosphoma  is  ofleo  supplied  It 
iotid  caki'ft  or  eht^ses. 

For  further  details  on  the  preparation  and  purification  of  phospboron,  arse  Richard- 
son and  Wfttts'a  Chrmical  Tttknoiotft/,  voL  i.  ut.  *,  pp.  HO — 125;  also  Hofmana*! 
Report  on  Ch  mical  Products  and  Procesata  in  the  t'xhif/ittnn  o/  1862,  pp.  03 — M. 

iVoprr^M-i.^Phosphoros,  when  freshly  prepared  and  quite  pure,  i»  almost  per&ct^T 
tranjipftrent  and  culotirl***,  or  with  only  a  faint  jellowi.th  tinge.  It  melta  at  44  •'.  turn- 
ing a  viscid  nil^  liquid  which  somrtimps  retsins  its  fluidity  when  culled  a^vxntl  d#gTw« 
bdfow  the  ninlting  point,  but  (wUdifiea  inatantly  when  toucUed  witli  a  i>olid  body.  IV 
specific  gravity  of  ordinary  phosphorus  is  variously  eral<d  at  frfun  177  {Drrz.  Lthi.  i 
2I8)to  2*09  (Bottger.  in  ihiulint  Handbook).  Areording  to  Gladstour  «jid  Dale 
(PhiL  Mag.  [4]  xviii.  30),  the  sppoific  gravity  of  sohd  phosphorus  at  53-  is  r82J;  ti-t 
of  phosphorus  remaining  liquid  below  its  melting  point,  1763.  it  ia  a  iiou-cooilucUV 
of  electricity  both  in  the  solid  and  io  the  liquid  state. 

In  warm  wealhur  phoMpboru.1  is  Homewhiit  fiexibleand  maybpbeDtwitli-.tif  \' 
but  near  the  fVeczing  point  it  l>eeomee  brittle.  VMien  phosphorus*  ia  br 
a  crystalline  fVacture.  but  distincTly  formed  crystals  of  phosphonw  caiu. 
by  fngion,  except  when  a  very  large  quantity  is  operatf>d  on.  Cr\«fiil8  uf  pbi^nhrtS" 
may  be  obtained  by  cooling  a  hot  saturatM  solution  of  phosph^jru.-*  iu  r<^-<:ni,  m  io 
enlphide  of  phoHrhorua,  or  by  the  evaporution  of  its  Holution  in  sidphide  of  cmrboo.  Tlr» 
cryslaia  of  phosphoruB  are  usually  either  regular  octahedrons,  or  rhombic  dodecmhadfiiaiB. 
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Pfaosphgnu  boOfl  in  cloted  ressrU  at  250°  (Upiiiricb),  388°  (t)n1lon\  29*^ 
(Pellt-tiQr,  Ann.  Chem.  it.  3).  Its  mpuur-4eu«ty,  occorUinfc  tu  Drrillt*  aihI 
Tffottt  (Bull  Soo,  Chim.  r.  434).  it  436  iil600«  Hud  4'60  Ht  1040^  refrircd  to  iiir  lu 
unitT.  The  former  number  pivea  for  the  tipecific  gravity  uf  the  vapour  rrfi^reii  to 
liydrogen  m  onily,  the  number  62' 1.  wliioh  is  ratht^r  more  thun  double  the  utomie 
vt'igbl  of  pbcwpbonu.  Heace  it  Ai>|>eAnt  ihtX  tiie  Atom  of  pbosphonu  id  tlm  ];iuH«tta 
■t«t«  occapies  only  half  th«  bulk  of  na  atom  of  hydrugcn  (■««  Gisifl,  CoiUiurjkTiov  uw 
BT  TriLVMB,  u.  810). 

Pho«phonut  is  insoluble  in  irntrr,  slightly  soluble  in  rther,  bat  more  ttn  in  hen^mf,  tut 
q/*  turpfntinr  and  other  tssmtial  u  well  as  in  Ji^rti  nils.  It  is  also  frenly  dioaolvad  by 
chloride  of  *ufffhur,  tri^hhtriJf  of  ph'^^pkttrtu  nnd  »itJpkidf  **/ carbon. 

Phosphorus  is  eitreinely  iufliimmtiblc,  taking  fire  in  the  of»en  air  at  a  temperature 
Trry  little  above  its  melting  p>^int,  burning  witn  u  brillinnt  while  tiame,  and  emitting 
de<na«  white  fumea  of  phosphoric  auhylride.  If  it  contAini^  inipuntim,  it  takes  Are  still 
Kiore  easily,  the  beat  drvrIop«d  by  lUglit  frictiun  being  oftfo  auffitrient  tu  inflame  il;. 
Phosphorus  most  therefore  bo  lismlieil  with  ^^at  caution ;  a  burn  from  it  ia  very  wverw 
and  aifficult  to  benL  It  muHt  alwuys  be  kt-pt  under  water  till  wanted  for  uhh;  it  miiy 
then  bo  t^iken  out  and  dried  by  gentle  pre«'<urc  between  fillering  jmpcr;  it  is  be.*«t  A\f»* 
to  cut  it  under  water.  When  a  solution  of  pho^phoru^  in  sulphide  of  carbon  i«  'lr>'pf>*Hl 
upon  filtering  pap*»rand  left  to  eviipomte  in  the  open  air,  IhefineJy  divided  pliosphorua 
wnicb  remains  on  the  p^iper  absorbs  oxygen  &o  rapidly  that  it  immediately  tak^a  Are. 

The  flame  of  hydrogen-gas  impregnated  witli  pnoeiphorus,  as  produced  by  th^  intro- 
duction of  free  phospliorua,  hypophospborous  acid  or  phosphoroos  acid  into  Mamh'a 
apparatna  (i.36'i),  exHibitA  when  examined  by  thevpertroaeope,  two  intense  green  lines, 
one  of  which  coincides  with  a  tine  in  the  barium -spectra  m.  Thi^  reaction  is  so  deliciUe 
that  it  will  distincUv  indicate  the  presence  uf  phosphorus  in  the  hydrogen  evolved  on 
dissolving  ordinary  iron  wire  in  dilute  sulphuric  acid  (Christofle  and  BeiUtaio. 
Gompt  rend.  Ivi.  399).  see  also  Seguin  {ibid.  liii.  1272). 

I^ntiphorus,  when  exposed  to  the  air  at  ordinary  temperatures,  gradually  absorbs  oxy- 

I  gen  ana  undergoea  a  alow  oombiution.  giving  off  a  white  vapour  which  has  a  peculiar 
garlic  odour,  and  consista  of  phosphorous  anhydride  mixetl  with  a  little  phonphoric 
anhydride,  or  if  the  air  ia  moUt,  of  the  corresponding  acidfl  (p.  499).  In  a  dark  room 
the  alowly  burning  phosphorus  and  the  vapour  given  off  frum  it  ithine  with  a  greenish- 
vhite  tight. 

The  slow  combustion  of'phosphorua  is  aff-cted  by  Mveml  clrrumHtanoos.  In  pure 
oxygen  of  ordinary  density  it  does  oot  take  place  at  all  at  tenip*'ratun'j*  Iwlow  Ifi*^,  bu\ 
on  cmrefying  the  oxygen,  or  diluting  it  with  nitrogen,  byd^gi^u  or  carU>Qic  anhydride, 
the  phoaphorus  beooiiie«  luminuiis  in  the  dark  at  Tower  tempemtuma.  In  the  air,  th** 
Inminoaity  ia  not  perceptible  at  temperuturea  more  than  a  few  degrvea  bftow  O'^,  but 
becomee  sensible  at  that  temperature  and  increases  at  a  few  degrees  above  it.  Slow 
Qombuation  is  complctelv  prerifnted  by  the  admixture  of  certain  inflammable  vapoura 
and  gases  in  minute  quantity  with  (be  air;  thn^  if  air  be  mixed  with  ^l^,  of  iu  bulk  nf 
oleflant  gaa,  y^  of  rook-oil  or  ^/^  of  oil  of  tui^ntiue  ntpour,  a  stick  uf  phosphorua 
no  longer  becomes  luminous  wlu-n  exposed  to  it. 

Bespeeting  the  reactiona  of  phospboma  with  ckloriM,  tulpkur  and  other  elements, 
■ee  page  506. 

Jmoa^/icatwng  of  Photrpkdtrut, — Plioephorua  ia  capable  of  assuming  several  diffbrrnt 
flbrma  under  the  influencH  of  causes  apparently  trifling  —a.  When  exposed  fur  aimia 
time  to  light  under  water,  it  becomes  awi/e,  opaque  and  scaly,  the  change  pnx'c^liiig 
frcun  the  surface  inwanla  This  white  phosphorus  has  a  specific  gravity  of  rAl6 ;  it  is 
■oSMvbat  leas  fusible  than  the  transparent  variety,  and  is  reconTerteci  into  the  Utter 
by  a  temperntnro  not  exceeding  60^> — 0.  Another  modiflimtion  ia  pro>)aciHl  by  the 
sudden  cooling  uf  inulted  plioMphorus;  it  iheu  becomes  perfet-tly  filacJk  and  opaque,  tail 
is  restored  to  the  iTunsparent  eolourluss  condition  by  ainiple  tuaion  and  alow  ronlintt. 
According  to  Blondlot  (Corapt.  r.md  Ix.  83(1;  Bull.  S.j._'.  Chim.  [2]  lii.  416).  ihia 
bhftck  modification  is  the  type  of  pure  phosphiirun.  H"«  obtiins  it  by  flr«t  purifying  or- 
dinarr  pbosphorus  by  several  distillations  (m  hydrogen  gas),  then  exponiti^  it  tu  the  aan 
and  (UStilling  again.  The  product  coUeotetl  in  a  reiviTer  eooled  very  slowly  solidifies 
to  a  white  mass  which  auddonly  turns  black  when  tbo  tem[Mtrature  of  the  condvn«ting 
water  fail»»  to  6°  or  6°.  It  is  ini[)ortaut,  however,  to  know  whether  the  hydmgen  used 
in  the  distillation  was  absolutely  pure;  since  the  least  trace  of  certain  metals  or 
metallu'hlit  would  be  )>u9;cient  to  bUckfn  the  phoi^phoruit. — y.  A  vucohs  modification, 
analc^ufl  to  viscous  sulphur,  may  be  obtained  by  heating  very  pore  phoaphorus  to 
near  its  melting  point,  and  mddenly  coolia;^  it. 

JJ.  Rrd  or  A/twrpJu'Us  I'hot^pkorus. — This,  which  iathe  m^^t  rem^Htable  nioflificntion 
of  phoflpbonis,  ip  pn^hiccd  when  ordinary  phor)phonis  is  exposed  to  the  aetiun  of  liglit 
or  neat  in  an  nlmoephen*  not  rootaioing  nzj-gen,  nr  when  it  i»  bmted  with  a  smaU 
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qoantitj  of  iodine.  It  appran  to  hare  been  first  noticed  by  Be  rse lies,  who  found  tbat 
pho^honu  under  the  influence  of  coloured  light  acquirps  a  red  tint,  withont  altentioa 
of  weight,  and  at  the  same  time  loses  its  property  of  shining  in  the  dark.  Subsequently 
in  1844,  Emilo  Kopp  (Compt.  rend.  xlix.  346)  in  preparing  iodide  of  ethrl  ^ 
treating  alcohol  Trith  iodine  and  phosphorus,  observed  the  formation  of  a  red  moaiflca- 
tion  of  phosphoms,  amorphous,  destitute  of  taste  and  odour,  Tery  little  disposed  to 
oxidise  at  ordinary  temperatures  or  eren  at  the  heat  of  the  water-bath,  and  reoonrert- 
ible  into  ordinaiy  phosphorus  by  dry  distillation.  These  observations  were  confirmed 
by  Berzelius  (Rapport  Annuel,  1856,  p.  43<5),  and  by  Marchand  (J.  pr.  Chem. 
zxxiii.  182>.  Nevertheless  the  red  modification  of  phwphorus  did  not  attract  much 
attention  till  1858,  when  Schrotter  showed  that  it  might  be  prepared  by  simply  ex- 
posing ordinary  phosphorus  to  light,  or  more  readily  by  heating  it  to  near  its  boiling 
point  in  an  atmosphere  free  from  oxygen,  and  pubUished  a  detailed  account  of  ita  pro- 
pertiee  (Pogg.  Ann.  Ixxxi.  276)^  Brodie  afterwards  showed  (in  1852)  that  amorphooa 
phosphorus  may  be  produced  by  heating  phosphorus  with  a  small  quantity  of  iodine  ix. 
m  sealed  tube  or  in  an  ateiosphere  of  carbonic  anhydride,  or  by  melting  pbosphoma 
Tinder  strong  hydrochlozie  acid,  and  then  adding  a  small  quaatitj  of  iodina.  (Chem.  Soe, 
an.  J.  T.  289.) 


Amoiphons  phospboros  may  be  prepared  oo  the  Ubontorr  Male  by  plaeiag  a 
quantity  of  dried  common  pfaospboroa  in  the  bulb  of  a  flaak  A  (j^.  736)  to  the  neck  at 
which  is  attached  a  long  narrow  tube  b  bent  downwards  and  dipping  into  mercarr;  tfat 
air  in  the  flask  is  displaced  by  means  of  a  current  of  caibonie  anbydride,  which  is 
suppU«d  from  the  bottle  £.  and  dried  by  |wssing  through  tbe  tube  F.  filled  with 
chloride  of  calcium ;  the  tube  is  then  sealed  at  the  narrow  poftioo  «,  aod  the  appantai 
which  supplied  the  carbooic  anhydride  is  remored.  Heat  is  next  applied  to  the  flwik 
by  mean?  of  an  oil-bath  f.  The  phoccphwus  melts  readily,  but  by  regulating  the  but 
steadily  between  230°  and  233°  by  means  of  the  thermometer  t,  and  maintaining  it  it 
that  temperatare  for  thirty  or  for^  boon,  almost  all  the  pboephonia  will  be  bzuogbt 
into  the  solid  am<H^«boas  state. 

The  aprantus  just  described  is  similar  in  pnnci|4e  to  that  inrented  and  patentfd 
by  Mr.  Albright  of  Oldbury  near  Birmingnsm  fer  tbe  prtpazation  of  amonboW 
pboephorus  on  the  large  scale.  In  this  apparatus  the  phc^pboms  it  beateaiss 
cuni^  glass  vessel  placed  within  an  iron  vm^l  of  the  same  shape,  which  it  heated  hf 
a  bath  of  tin  and  1*^  The  melting  reeiMl  is  pronded  with  a  tight-fitting  tortt,tnn 
which  there  procer^  m  aafi  ty  tube  dipping  into  merrwr.  as  in  the  apparatns  tibem 
descril«d.  it  is  not  found  neveaaary  to  expel  the  air  &v«m  the  apfiaratns  fay  mean*  d 
oirbonic  achydrideL  as  the  small  pcttion  of  oxygrn  c^ntainrd  in  it  is  aoon  consumed  bf 
the  comlustioa  ol  a  portion  d  Ute  phofpborns.    (For  a  figvie  and  fill  iliac njtinn  a 
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thu  npantos,  see  RichardBon  and  Watts's  Chemicai  Technology,  roli  L  pi,  4 

Amorphous  phosphonu  prepared  aa  above  always  contains  a  certain  quantity  of 
unaltered  phosphorus,  vhica  is  removed  bv  washing  it  two  or  three  times  wita  sulphide 
of  carbon,  in  which  common  phosphorus  is  soluble,  and  red  phosphorus  insoluble.  It 
hai  been  recommended  by  Nickles,  in  order  to  avoid  the  use  of  much  sulphide  of 
carbon — a  dangerous  as  well  as  disagreeable  substance — to  purify  red  phosphorus  by 
■UBp^ding  the  finely  divided  mixture  of  yellow  and  red  phosphorus  in  a  solutioQ  of 
chloride  of  calcium  of  specific  gravity  about  2*0.  In  such  a  solution  common  phoa- 
phoms  floats,  while  red  phosphorus  sinks. 

Red  phosphoms  is  much  less  lusible  than  common  phosphonu ;  it  may  be  heated 
to  2£0^  without  alteration,  hut  at  260^  it  is  ];^converted  into  ordinary  phosphorus.  It 
also  dif!^  from  ordinary  phosphorus  by  being  insoluble  in  many  hquids  in  which 
the  latter  is  soluble,  such  as  sulphide  of  carbon,  alcohol,  ether,  turpentine,  and  tri- 
chloride of  phosphorus.  The  two  modifications  di^er  also  not  less  in  chemical  than 
in  physical  properties.  Common  phosphorus,  as  already  observed,  oxidises  edowly  in 
the  air  at  common  temperatures,  and  bams  rapidly  when  heated  to  about  60° ;  red 
phosphorus,  on  the  contrary,  is  not  at  all  oxidised  in  the  air  at  common  tempera- 
tures, emits  no  odour,  and  aoes  not  become  luminous  until  heated  to  nearly  260*^,  the 
point  at  which  it  is  transformed  into  the  ordinary  modification.  Hence  it  is  not 
liable  to  take  fire  by  moderate  friction,  and  may  be  handled  without  danger,  and 
preserved  in  bottles,  or  even  wrapped  up  in  paper  without  liability  to  alteration.  Its 
properties  differ  however  in  some  respects  according  to  the  mode  of  preparation.  If 
prepared  by  heat  it  has  a  specific  gravity  of  2*14  :  nut  that  which  is  obtained  br  the 
action  of  iodine  on  common  phosphorus  has  a  specific  gravity  of  2*23.  The  latter 
also  volatilises  like  arsenic,  without  previous  fusion,  and  condenses  to  a  hard  black 
mass.  It  is  more  readily  acted  on  by  caustic  potash  than  the  former,  and  precipitates 
certain  metallic  solutions,  sulphate  of  copper  for  example.    (Brodie.) 

SeacHonM  of  Pkottphorus. — The  action  of  oxygen  on  ordinary  and  red  phosphorus  has 
been  already  described.  With  aiUphur,  ordxnaiy  phosphorus  unites  rapidly  when  the 
two  bodin  are  melted  tt^ether,  the  combination  being  attended  with  vivid  combustion 
and  loud  explosion.  Bed  phosphorus,  on  the  other  hand,  does  not  unite  with  sulphur 
till  heated  considerably  above  the  melting  point  of  the  latter,  and  even  then  the  com- 
bustion, though  rapid,  is  not  explosive.  Selenium  unites  with  phosphorus  when  the 
two  are  heated  together  nearly  to  the  melting  point  of  the  latter. 

Hydrogen  passed  over  phosphorus  contained  in  a  glass  tube  takes  up  a  small 
onanti^  of  it,  sufficient  to  colour  the  flame  green,  but  no  definite  compound  appears  to 
De  formed.  But  when  phosphorus,  a  metallic  phosphide,  hypophosphorous  or  phos- 
phorous acid  is  introduced  into  an  apparatus  for  generating  hydrogen,  the  evolved  gas 
appears  to  contain  a  certain  quantity  of  phosphoretted  hydrogen  (Dosart,  Compt. 
rend,  xliii  1126). — Ammonia  acts  gradually  on  ordinary  phos^orus,  producing  phos- 
phoretted hydrt^n  and  a  compound  of  ammonia  with  an  oxide  of  phosphorus,  which, 
when  alcoholic  ammonia  is  used,  is  deposited  on  the  sides  of  the  tube  as  a  deep  black 
metallic  film  not  decomposed  hy  boiling  potash  or  sulphuric  acid.  Red  phospborua 
has  no  action  on  ammonia.     (Fliickiger,  Anal.  Zeitschr.  ii.  398.^ 

Ordinary  phosphorus  unites  directly  at  ordinary  temperatures,  with  chlorine,  bromine 
and  iodine,  toe  combiuation  taking  place  rapidly  and  being  attended  with  inflammation. 
Bed  phosphorus  also  unites  with  these  elements  at  ordinanr  temperatures,  the  combina- 
tion being  attended  with  evolution  of  heat,  but  seldom  sufficient  to  produce  ignition. 

Chloride  of  sulphur,  S*C1^,  dissolves  ordinary  phosphorus  abundantly,  and  on  heating 
the  solution,  a  violent  reaction  takes  place,  attended  with  ebullition  and  projection  of  the 


The  same  violent  action  is  produced  on  dipping  a  stick  of  phosphorus  into  a 
column  of  chloride  of  sulphur  of  about  the  stimo  depth  and  volume.  On  gradually  add- 
ing small  pieces  of  phosphorus  to  chloride  of  sulphur  gently  warmed  in  a  retort  fillt>d 
mth  carbonic  anhydride,  a  rapid  action  also  takes  place,  the  liquid  bectjuiing  hot  and 
distilling  over:  gradually,  however,  sulphur  separates  ami  the  action  becomes  more 
moderate;  and  on  raixingthe  distillate  iustmentioned  with  that  which  afterwards  pa^es 
over  on  heatingthe  residue.andredistilliiig  the  wholeover  half  its  bulk  of  phospliorus,  a 
colourless  liquid  is  obtained,  which  separates  by  fractional  distillation  into  pentachloride 
and  sulphochloride  of  phosphorus,  PSCl'.  When  chloride  of  sulphur  is  gradually 
poured  into  melted  pliosphorus,  the  only  products  are  pontactiloride  of  phosphorus  and 
a  yellow  sublimate  which  appears  to  be  a  sulphide  of  phosphurud :  the  reHidu:il  photi- 
phorus  is  converted  into  the  red  modification.  (WohlerandHiller,  Ann.  Cb.  Plurnu 
xciii.  274.) 

Most  metaU  unite  directly  with  phosphorus  when  the  latter  is  thrown  upon  them 
while  they  are  in  a  state  of  ignition  or  when  they  are  heated  in  ics  vapour. 

Finely  divided  phosphorus,  under  the  influence  of  sunlight,    slowly  decompoB(.>.s 
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waUr^  fonning  phosphoTbttcd  hydrogeu  and  a  red  substance  eommonlj  regarded  u  an 
oxide  of  phosphorus. 

Many  acids  are  decomposed  when  heated  with  phosphonu,  jielding  phosphoroot 
acid,  together  with  other  products. — Pure  concentrated  hydrwdic  acid  neatad  with 
amorphous  phosphorus  to  160°  for  two  hours,  yields  phosphorous  acid  and  sublimed 
crystals  of  hydriodate  of  phosphoretted  hydio^n.—Hydrobromic  acid  acts  in  a  -similar 
mauner,  but  somewhat  more  slowly. — Pure  concentrated  hydrochloric  ndd  heated  with 
amorphous  phosphorus  to  200^  for  sixteen  hours  appears  to  be  decompoeed  according 
to  the  equations:  3HC1  +  P»  -  PH«  +  PCI';  and  PCI"  +  3HK)  «  PHK)"  +  3HCL 
Strong  sulphuric  acid  is  reduced  to  sulphurous  anhydride,  which  floats  on  the  aorfiice  of 
the  phosphorous  acid  formed  at  the  same  time: 

3SH»0«  +   P«     =     PHK)»  +  8S0«. 
Sulphuroiu  acid  yields  phosphorous  and  sulphydrie  acids: 

SH»0«  +   3HK)   +  P»     -     2PH«0»  +   H«a 

Syrupy  phosphoric  acid  heated  to  200°  with  phosphoros  for  forty  hoars,  is  reduced 

to  hypophosphorous  acid,  which  latter  is  partly  resolved  into  phosphorous  acid  and 

phosphorett^  hydrogen. — Aqueous  chromu  acid  heated  with  phosphoros  is  reduced  tA 

\  chromoso-chromic  oxide ;  arsenious  eicid  yiel'djs  phosphide  of  arsenic.     (Oppenheim, 

I  Bull  Soc  Chim.  [2]  i.  163.) 

Phosphorus  boiled  with  aqueous  alkalis  and  alkaline  earths  forms  phosphoretted 
hydrogen  and  a  solution  of  a  hypophosphite,  e.  g.  with  lime-water: 

SCa'-HH)'  +  P«  +  6H«0  «  3Ca"H*P«0«  +  2PH». 
Phosphorus  likewise  decomposes  many  other  oxides  and  salts,  both  in  thedrr  and  in  the 
wet  way.  When  rubbed  with  chlorate  of  potassium,  it  detonates  and  takes  fire,  a  slight 
friction  being  sufficient  to  induce  the  reaction.  Nitrate  of  potassium  and  the  prroiideM 
of  lead  and  mangawse  act  upon  it  in  a  similar  manner,  but  less  Tiolently.  When  a 
mixture  of  carbonate  of  sodium  and  amorphous  phosphorus  is  heated  in  a  oombostioa 
tube  to  low  redness,  or  better  to  240^  only,  a  brown  mass  is  obtained,  which  takes  fire 
on  exposure  to  the  air,  and  wh^n  thrown  into  water  gives  off  a  large  quantity  of 
spontaneously  inflammable  phosphoretted  hydrogen,  and  form»  a  dark  brown  sf^ntion, 
from  which  hydrochloric  acid  throws  down  brown  flocks,  forming  when  dry  a  black- 
brown  amorphous  mass  containing  about  40  per  cent  of  bnmus-like  bodies.  When 
carbonate  of  sodium  is  heated  to  bright  redness  with  excess  of  phosphorus,  the  whole  id 
•  the  carbon  is  set  free :  with  excess  of  sodic  carbonate,  on  the  other  hand,  a  mixture  of 
charcoal,  sodic  phosphate  and  sodic  carbonate  is  obtained,  carbonic  oxide  being  given 
off  and  phosphorus  distilling  over.  The  carbon  obtained  in  these  reactions  huu  a 
deep  velvet-black  colour,  a  speciflc  gravity  of  1*46  at  14°,  and  possesses  strong  ab- 
sorbent and  decolorising  properties.  Phosphorus  acts  in  like  manner  on  other  carbon- 
ates, also  on  borates  and  silicates.     (Dragendorff,  Jahresb.  1861,  p.  110.) 

Phosphorus  placed  m  contact  with  many  metals  in  solutions  of  the  same  n^tals, 
produces  an  electric  current  andprecipitates  the  metals.  In  contact  with  dean  ct^pper 
wire  in  a  solution  of  cupric  sulphate,  it  precipitates  the  copper  on  the  wire  in  octahedral 
crystals  (Wdhler,  Ann.  Ch.  Pharm.  Ixzix.  126).  In  like  manner  it  reduces  tt/eeraod 
lead  from,  the  solutions  of  their  nitrates  (Wicke,  ibid.  Ixxii.  146).  Phoepboms  im- 
mersed in  a  solution  of  potassic  perutanganat^  forms  peroxide  of  mai^anese  and  phos- 
Shate  of  potasinuro.  Neutral  and  acid  ckromate  of  potassiufn  are  incompfctety 
ecomposed  by  phosphorus  at  common  temperatures  with  formation  of  potassic  and 
chromic  phosphates.  Cupric  chromatr  boiled  with  phosphorus  yields  metallic  eoppfr, 
phosphide  of  copper,  and  chromic  phosphate.  A  solution  of  potassic  chlorate  boiled  with 
phosphorus  is  con  verted  into  phosphite,  phosphate,  and  chlorideof  potassium.  Nitrat'tf 
barium  is  not  decomposed  by  boiling  with  phosphorus ;  nitrate  of  lead  yields  a  deposit 
I  of  phosphate  of  lead ;  nitrate  of  copper  in  concentrated  solution  yields  cupric  oxide  and 

I  phosphide  of  copper;  in  dilute  solution,  metallic  copper,  phosphide  of  a^^per,  and  phos- 

'i  phoric  acid.     (Slater.  Chem.  Oaz.  18d3,  p.  329.) 

.  Ch^micaf  Rffations  of  Ph^phnrus. — Phosphorus  belongs  to  the  pentad  gioap  of  efa^ 

ments  (iii.  967),  including  also  nitrogen,  arsenic,  antimony  and  bismuth.  Its  peutalomle 

I  CI* 

I  character  u  exhibited  in  the  pentachloride  P*C1\  the  oxychlorids  P*]^,  i^iospbare 

,  tnethodichloride  (or  chloride  of  triethyl-phosphine)  P*]^   CI*    *  ^*  *^  ^^  ^hm- 

I  P*f  P*) 

I  phoric  anhydride  p,  |  O*,  and   in   phosphoric  acid  regarded  as  m  [  O*.      But  it  like- 

{  wise,  and  perhaps  more  frequently,  plays  the  part  of  a  triatomir  element,  as  in  phns- 

phoretted  hydrogen  or  phosphine  P"H',  and  its  alcoholic  ii»  rivatives  triethyl-pho^^ioe 

\  P*(CH')*,   ftc,  also  in  trichloride  of  phosphorus   PTl',    phosphorous    anh^drids 
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p»  t  O*,  Stc,  phosphorouB  add  rn  [  0",  &c.    In  some  fev  componndji  also  it  is  diatomi<^ 

M  in  the  di-iodide  PI*  and  perhaps  in  liquid  phosphide  of  hydrogen  PH*  (iii.  204) ;  ia 
many  of  its  metallic  compounds  it  exhibits  still  lower  degrees  of  atomicity. 

In  its  triatomic  and  pentatomic  character,  phosphorus  resembles  the  other  members 
of  the  gronp  above  mentioned.  It  is  jaoat  dosely  related  to  8U?senic  and  antimony, 
each  of  these  elements  forming  a  gaseous  trihydride,  and  their  chlorides,  bromides  and 
oxides  being  exactly  analc^ous  to  one  another  in  composition.  To  arsenic  it  is  farther 
related  by  the  striotly  antdogoua  composition  and  the  isomorphism  of  the  corresponding 
phosphates  and  arsenates,  and  by  its  anomalous  vapour-rofume,  the  specific  gnivitic-s 
of  each  of  these  elements  in  the  gaseous  state  being  double  its  atomic  weight  (p.  503  ; 
also  iii  968).  Bismuth  is  also  related  to  phosphorus,  arsenic,  and  antimony  by  the 
composition  of  its  chlorides  and  oxides,  although  its  pentatomic  compounds  are  not  of 
rery  stable  character.  To  nitropen,  phosphorus  is  related  by  its  combination  with 
hydrogen,  and  by  its  formation  of  anhydrides  with  3  and  6  atoms  of  oxygen. 

The  elements  of  this  group  exhibit  in  many  respects  a  regular  gradation  of  proper- 
tiea  in  the  order  of  their  atomic  weights.  Nitrogen  (14)  is  gaseous,  while  all  the  rest 
are  solid  at  ordinary  temperatures;  and  of  these  latter,  phosphorus  (31)  is  the  most 
fdsible  and  Tolatile;  next  follows  arsenic  (75),  then  antimony  (122),  and  lastly  bis- 
aath  (210).  The  acid  properties  of  the  oxidised  cumpounds  are  most  marked  in  ni- 
trogen, then  in  phosphorus;  they  are  weaker  in  arsenic,  still  weaker  in  antimony,  and 
scarcely  apparent  in  bismuth.  The  compounds  with  hydrogen  follow  in  the  same 
order ;  ammonia  is  a  powerful  base,  and  requires  a  high  ter  perature  for  its  decom- 
position ;  phosphine,  PH*,  is  a  very  feeble  base ;  in  arsine,  AkH',  the  basic  character 
IB  not  perceptible,  though  manifested  in  triethyl -arsine  and  other  of  its  derivatives ; 
the  same  is  true  of  the  corresponding  antimony-compounds.  Each  of  the  three  hydrides 
last  mentioned  is  decomposed  by  simple  exposure  to  heit,  phosphine  requiring  the 
highest  temperature,  arsine  decomposing  at  a  lower,  and  stibine  at  a  still  lower  degree  of 
heat,  while  the  affinity  of  bismuth  fur  hydrogen  is  so  feeble  that  it  does  not  aj>pear  to  form 
A  hydride. 

UsBS  OP  Phospbobos. — The  chief  use  of  phosphoms  is  for  the  preparation  of  the 
pmste  with  which  lucifer  matches  are  tipped ;  for  this  purpose  both  the  ordinar}'  and 
the  amorphous  variety  of  phosphorus  are  employed.  Oixlinary  phosphorus,  being  in- 
tensely poisonous,  is  also  used  in  the  formation  of  compositions  for  poisoning  rats,  cock- 
roaches and  other  vermin ;  and  both  kinds  are  u-«ed  in  a  variety  of  ways  in  chemical 
and  pharmaceutical  preparations. 

A  phosphorated  paste  for  poisoning  rermin  may  be  prepared  by  dissolving  250  pts. 
1^  weight  of  gum  arabic  in  500  pts.  of  water  at  140'^  F.,  adding  15  pts.  of  phosphorus, 
stirring  as  it  melts,  then  rcmoring  the  vessel  from  the  Are  and  continuing  the 
Stixring  as  the  mixture  cools  in  order  to  thoroughly  incorporate  the  phosphorus.  The 
mixture  is  then  placed  over  the  water-bath,  the  stirring  being  still  continued ;  a  paste 
previously  made  up  with  100  pts.  of  flour,  or  better  of  pobito-starch,  and  10*)  pts.  of 
water  is  added  to  i^  and  the  whole  is  beaten  up  for  half  an  hour  at  12?'^  F.,  after  which 
it  is  left  to  cool,  the  agitation  being  still  continued  till  the  temperature  has  fallen  to  86"^. 
The  process  yields  from  500  to  5*0  pts.  of  phosphorated  paste.  To  effect  a  still  finer 
diviston  of  the  phosphorus,  the  paste  may  be  ground  under  the  muUer. 

Lucifer -matches, — Ordinary  lucifer-matches  are  simply  wooden  suljtbnr-raatches 
tipped  with  a  paste  containing  phosphorus,  and  capable  of  igniting  by  friction.  The 
materials  added  to  the  phosphorus  to  promote  its  ignition  are  chlorate  or  nitrate  of 
potassium,  or  certain  metallic  oxides  which  easily  give  np  their  oxygen,  such  as  the 
peroxideB  of  lead  and  manganese.  Chlorate  of  potassium  causes  the  paste  to  ignite 
with  detonation  when  rubbed,  and  often  occasions  the  projection  of  a  portion  of  the 
bnming  matter  to  a  considerable  distance.  This  projection,  which  is  rather  dangerous, 
may  be  prevented  by  using  nitrate  instead  of  chlorate  of  potassium ;  the  matches  thou 
bom  quietly. 

The  phosphoms,  and  the  salt  or  oxide  which  is  to  suppl}*  it  with  oxygen  for  combus- 
tion, Kre  made  up  into  a  paste  with  a  strong  solution  of  glue  or  gum,  a  small  cgiiantity 
of  Vermillion  or  Prussian  blue  being  added  as  colouring  matter,  and  sonietimcs  a  little 
fine  sand  to  increase  the  friction. 

The  proportion  of  phosphorus  varies  considerably,  being  sometimes  as  high  as  30  or 
even  50  per  cent,  and  sometimes  as  low  as  10  or  even  5  per  cent.  The  following  are 
two  compositions  recommended  by  Boltger  in  1844,  and  still  in  use  for  the  preparation 
of  noiseless  lucifers : 


Phosphoms  (ordinary)       .        .        .4 

Saltpetre 16 

Red  lead  .        .        .        .        .        .3 

fitiongglne 6 


Phosphorus  (ordinary)        .        .        .9 

Saltpetre 14 

Peroxide  of  manganese               .        .14 
Gum 16 


SOH 


PHOSPHORUS. 


The  redvctioD  of  the  proportioD  of  phospbonu  in  tho  mflummAhle  hum  to  a  bu^ 
mum  is  a  gn^ut  desidemtam,  u  the  proems  is  th»^rcbj  reudtr^^  less  oostlj,  uad  tl« 
xniitchtt  when  ignited  emit  less  of  the  disagrerable  odour  of  phospborus.  A  fo«d 
method  of  effi^ciinf;  thii  rodaction  is  that  reoommended  bj  R.  Wagner  (Wafpr/i 
JahrpsKericht,  1S55,  p.  fi03),  which  ooninBts  in  preparing  the  inflammable  maiswnii 
phosphorus  dissolved  in  eulphido  of  c&rbun.  This  process  not  odIt  effects  the  pi^frct 
molecular  cubdinsion  of  tho  pboAphoros,  bat  it  enabiet  the  mass  to  be  prepared  witbott 
the  use  of  heat,  a  farther  very  grvftt  adrantage.  According  to  £.  Mack  (VeriuaQ. 
des  Vereins  t  Naturknude  in  Prcaburg,  1858,  i.  17),  thifl  simple  expedient  rtadfli  it 
pomblo  to  reduce  the  proportion  of  pbosphoros  to  ^^  of  that  at  prtrsent  in  eoomaa 
use. 

Some  roatehes,  inittead  of  being  coated  at  the  enda  with  sulphor,  mre  bnpngaatcd 
thntnghout  with  stearic  acid,  wax,  or  paraffin.  The  paste  for  aippin^  those  *««»ffi 
iv<juiref)  ]i^as  gum  and  a  more  active  oxidising  agent  than  that  for  tLe  solf^nr-malcha, 
The  following  are  two  of  the  compoaitiona  in  use : 

.  J-0 
.  1*0 


( 


Phosphoms  (ordinary) 

Gura  tragacanth 

Water 

Fine  rand  . 

Dioxide  of  Lead  • 


Z 


Pho^horos  (ordinary)      ,        .         .8*0 
Strong  glue       .....  3*6 

Water 3-0 

Finp  sand 20 

Vermillion  or  Prawrian  blue      .  O'ltoO'S 
Chlomte  of  Potassium      .        .         .30 

The  dioxide  of  load  in  the  sooocd  of  these  compositions  may  be  replaoed  by  2  ptt.  of 
red  lend  itnd  06  pta.  stiona  nitric  acid. 

filat^hcs  thus  prepared  bum  more  ri'adily  than  ralphnr-matches,  bcx^suse  ihf  fiutv 
mutter  and  the  wood  tAke  fir«  together,  whereas  in  sulphnr-matchea  the  wood  doea  not 
ifrnite  till  the  sulphur  is  nearly  consumed.  The  matches  impre^nAted  with  taStj 
matter  also  bym  with  a  brighter  6arae,  and  are  free  from  the  sunbcatiog  odour  whieg 
the  Hulphur-matches  evolve  in  burning.  Formerly  these  matches  were  impregnated 
with  wax  or  stearic  acid  or  resin,  and  as  tliese  materials  are  more  oxpeDsire  than  nl- 
pbur,  their  use  wiu  confined  to  the  higher  priced  matches;  recenlly,  however,  the  use  cf 
MHifiin  and  paraffin-oiU  for  the  purpose,  patented  by  Mr.  Letchford  of  Whitechaptl, 
lilt  greatly  reduced  the  price  of  matches  Uiua  prepared. 

Tufttr  or  Vrstn-mnickrs^  which  oonsist  of  tapers  of  wni,  rosin  and  tallow,  or  pamlB^ 
HN^nircto  bo  tipped  with  a  very  inflammable  pa«te,  becanso,  baring  but  little  rigidity,  thn 
cannot  boar  much  friction  without  bending  The  paste  used  fur  tipping  them  is  am 
of  12  pts.  ordinary  photiphoruB,  14  gum.  3  sulphide  of  antimony.  36  dioxide  of  \mA 
(or  56  pttf.  of  a  mixture  of  red  lead  36  plo.  and  nitric  ucid  21  pte.)  and  01  mudUioA. 

Fuaers  fur  lighting  cig:ira  aro  madii  from  Htripa  of  pulp  or  thin  oard-boud 
preriounly  prepared  by  steeping  m  a  solution  of  saltpetre. 

Mftt'h'S  wtth  Am.'Tjthiius  Pkojipkorug. — The  use  of  ordinary  phosphoms  in  iIm 
munufacture  of  lucifer-mntchM  is  attended  with  certain  inconveniencea,  arising  paitly 
from  the  oreat  facility  with  which  it  is  set  on  firo  by  friction  or  by  a  rery  motlwale 
heuT.  partly  from  the  Uuw  combustion  which  it  undeigoes  at  ordinary  t^mpentjixv^ 
wlH'reby  acid  vapoura  are  produced  of  Tery  deleterious  character.  From  this  cause,  the 
workpeople  enguged  in  thcmannfacture,  especially  the  dippers,  occasionally  suffer  from 
a  peculiar  disease  of  the  jaw.  which  commences  with  pain  and  swelling,  and  nltimauly 
pn>duces  necrosis  of  the  bone.  Ordinary  phosphorus  is,  moreover,  vexy  poisonuua  in  tlw 
solid  state,  and  instances  hare  occurred  of  chiidies  being  poisoned  by  sockiDg  TH'^lpf 
tipped  with  it 

Amorphous  phosphorus,  on  the  other  hand,  is  free  from  all  these  objections.  Ttu 
not  p>isoiiouH  in  the  solid  state,  and  not  being  volatile  or  subject  to  slow  combustion  U 
ordinary  t*»mpe  rat  urea,  or  even  at  the  heat  required  to  keep  the  paste  in  the  li«iuid 
state,  it  drn's  not  impregoHte  the  air  of  a  factory  with  poisonous  rapoura.  Monoi^it 
in  not  liable  to  be  net  on  fire  by  accideutai  friction, 

But^  ttotwithstanding  these  advantages,  the  use  of  matches  tippod  with  amrirplioa 
phosphorus  has  not  bt>comc  general.  Lucifen  of  tJiis  kind  w«re  »ent  to  th^  Exhibition 
ot  ISAl  by  Mejvrs.  Dixon  and  Co.  of  Manchester,  but  they  never  found  fnToor  with 
tlie  public,  and  have  of  late  years  disappeared  from  tho  market.  The  chief  objection 
to  Ihcm  seem  to  be  that  they  are  not  si^cieutly  intlammable,  and  that  they  bum  with 
a  sputtering  flame. 

Bu  ttger  in  184R  snggestcd  the  prppnration  of  friction  mntches  capable  of  taking Sm 
only  when  rubbt-d  ou  a  surface  propitre<I  in  n  particular  way.  Such  matcliee,  containing 
no  pfiu^phonu  in  themselves,  but  supplied  in  boxes  provided  with  rubbers  oontaining 
amorphous  phosphorus,  were  fl^rst  sf-nt  into  the  market  byPrcshnl  of  Vienna  in  18d4< 
sod  their  prepnnition  has  since  t\m\  lime  beeu  f;;c«atbf  im^Toved  by  Landstrom  ol 
Swfdm.  and  by  Mesari>.  Coiguvi  aud  Co.  otV^oia.    \ft  v\\\s  c(j\t.\\vv\^  Y&\«raB^\at^ 
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Ittuiix&ctnn  of  liicifen  by  Lundstrom's  process  haTe  been  taken  ont  by  Messrs.  Brjant 
and  Hay.* 

The  igniting  composition  applied  to  the  tips  of  these  matches,  and  the  paste  for  the 
rubber  are  compotra  as  follows: 

Pa$ufor  Matcka,  Poite/or  RvUtr, 


Chlorate  of  potassinm    •        .        .6  pts. 
Sulphide  of  antimony    .        .  2  to  8    „ 
Glue  (weighed  dry)       .        ,         ,  1  pt. 


Amoxpbons  phosphorus        .        .10  pts. 
Oxide  of  manganese  or  sulphide 

of  antimony       ,         .        .        .     8  „ 
Glue  (weighed  dry)       .        .     8  to  6  „ 

Hatch««  thus  prepared  possess  the  great  advantage  of  being  free  from  all  danger  of 
ignition  by  accidental  friction :  hence  they  are  caUed  Safety-matehea  {AUumette$  d$ 
a^reti) ;  they  are  much  luied  in  France  and  other  parte  of  the  Continent,  and  their  nse 
appears  also  to  be  extending  in  this  countiy ;  but  the  threat  majority  of  consumers  still 
exhibit  a  preference  for  a  match  which  will  ignite  by  friction  on  any  rough  surface. 

There  is  another  modification  of  the  same  principle,  introduced  by  M3il.  DerilUers 
and  D  ale  m  agn  e,  in  which  the  amorphous  phosphorus  is  placed  at  one  end  of  tiie  match, 
and  the  chlorate  of  potassium  at  the  other,  so  that  ignition  takes  place  on  breaking 
the  match  in  halves  and  rubbing  the  two  ends  together.  But  these  matchei^  called 
MtumrUet  androgynes,  do  not  appear  to  have  come  into  actual  use. 

Luetfers  without  Phomhorua. — To  avoid  all  djjiger  of  poisoning  in  the  preparation  as 
well  as  in  the  nse  of  Incifer-matches.  it  has  of  late  years  been  proposed  to  tip  them 
with  a  composition  containing  no  phosphorus  whatever,  either  ordinary  or  amorphous. 
Various  compositions  have  been  propoewdfor  this  purpose ;  it  may  be  sufScient  to  men- 
tion for  illustration  one  of  those  patented  by  G.  Canouil  (1867,  No.  2817),  which  is 
eomposed  of  chlorate  of  potassium  7o  pts.,  dioxide  of  lead  36  pts,  iron  pyrites  35  pts., 
and  gum,  dextrin,  or  glue  10  pts.  Sulphide  of  antimony  and  free  sulphur,  either 
singly  or  together,  are  also  used  as  the  inflammable  material  in  these  pastes.  The  most 
mtematic  researches  on  this  branch  of  manufacture  have  been  made  byWiederhold 
(bingL  poL  J.  clxi  221,  268  ;  clxiii.  203,  269),  from  which  it  appears  that  matches  of 
good  quality  may  be  made  with  chlorate  of  potassium  and  hyposulphite  of  lead. 

The  total  elimination  of  phosphorus  from  the  lucifer  manufacture  would  indeed,  as 
observed  by  Hofmann  (Ee^ty  1862,  p.  99),  be  a  grand  achievement,  not  merely  on 
sanitary  grounds,  or  as  diminishing  fire-risks,  but  also  because  it  would  immediately 
liberate  for  agricultural  purposes  a  large  quantity  of  bones  now  consumed  in  the  pre- 
peration  of  free  nbosphoms. 

For  further  aetaila  on  the  chemistry  of  the  Indfer-match  manu&ctnre,  and  for 
figures  and  descriptions  of  machinery  used  for  cutting  and  dipping  the  matches, 
see  Richardson  and  Watts's  Chemical  Technology,  vol.  i.  pt  4,  pp.  131-180. 

raOBVROXmi,  autOmSBS  or.  Fhosphonu  unites  directly  with  bromine 
At  ordinary  temperatures,  with  evolution  of  heat,  and  in  the  case  of  ordinary  phosphorus, 
of  light :  small  pieces  of  ordinary  phosphorus  thrown  into  bromine  may  produce  a 
dangerous  ex^osion.  There  are  two  bromides  of  plioHphorus,  the  tribromide  and 
pentabromide,  the  former  liquid  at  ordinary  temjieraturna,  the  latter  solid;  the  one 
or  the  other  being  produced  according  to  the  proportions  in  which  the  two  elements  are 
brought  U^ther. 

Tribromide  of  Vbooplionu  or  Vhooptaorono  Sromlde.  VW. — Produced : 
1.  By  bringing  bromine  in  contact  with  excess  of  t>l>oftpht)ruji.  IMKwphoras  is  added 
in  pieces,  not  weighing  more  than  a  quarter  of  a  grain,  to  iH«rfi*rtly  aiihydroiiN  bromine, 
till  the  liquid  becomes  colourless,  after  which  thecomiKiund  in  Hfiwratwl  bv  diMtillation 
from  the  excess  of  phosphorus  (Lowig,  Pogg.  Ann.  xiv.  iHt\.  In  ortittr  to  avoid 
the  chance  of  explosion,  it  is  best  to  pour  the  bromine  inU>  a  wiiiit-nuiuthml  Uittle,  and 
introduM  perfectly  dry  phosphorus  in  a  glass  tube,  sualnl  iit  iHitttiti',  nnd  placed  up- 
right in  the  liquid,  so  that  on  closing  the  bottle  the  bromiiii>-va|K>ur  may  slowly  come 
in  contact  with  the  phosphorus  (H.  Rose,  Pogg.  Ann.  xxviii.  660).  An  wisy  mode 
of  preparation  is  to  dissolve  bromine  and  phosphorus  in  sepiiratft  |)ortiuiiM  of  sulphide 
cf  carbon,  then  pour  the  bromine-solution  slowly  into  the  phosithoruH-Holution,  and 
distil  (Kekul^  Ann.  Ch.  Pharm.  cxxx.  16).— 2.  Vapour  of  phusphonu  is  passed  over 
mercnrotts  or  mercuric  bromide,  which  is  heated  in  a  glass  tube  by  means  of  a  spirit- 
lamp,  and  the  product  is  collected  in  a  cooled  receiver ;  the  product  is  purified  from 
excess  of  phosphorus  bv  distillation.     (Lowig.) 

Tribromide  of  phosphorus  is  a  colourless,  transparent,  mobile  Hciuid,  which  does  not 
freese  even  at  — 12°,  is  very  volatile,  and  emits  dense  white  f^imes  in  the  air ;  has  the 
pungent  odour  of  hydrobromic  acid;  it  probably  reddens  litmus  paper  only  when 
moisture  is  present.     (Lowig;  Balard.) 

It  is  decomposed — 1.  3j  water,  with  great  disengagement  of  heat,  into  phosphorous 
ond  hydrobromic  acids,  which  latter,  when  a  small  quantity  only  of  water  is  employed, 
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int«pit 


tfi  pvotrtMl  in  the  gnfl«oas  form  (BaUrd).  At  8°  the  defompoflttion  Uktt  plic*  Ina 
ittciwlj,  even  when  th*^  mixture  is  repOiit^Mltv  Bbaken;  at  26°  it  proceeds  t&ynpiiij 
(Low  ig).     By  chlorine^  into  cbloriile  of  pho!«phoni»  and  free  bromice.     (Bal«raJ 

Tribpumidft  of  phosphonw  i»  capublf"  of  di.*»o]Ting  an  additional   aaunlity  nf  pbo** 
phoruA,  wheri?by  it  aoquirvi  the  property  of  sotting  6p»  to  com  bust  i  blr  bodirti  hroi 
10  contact  viU)  it  in  the  upon  iiir  (Balnrd),  of  forming  a  p^Uicle  of  pbo^'pboras  i 
exposed  to  air,  and  depositing  phosphonis  when  decompOMd  with  wat«-r.     (L-iwij 

Amautnio'phaspkoroua  brorniti^,  I'lJH.fiNH',  is  fonnra  whnn  nmmonia-gae  is 
paMed  into  well-cooled  tribromide  of  phosphorus.     It  is  a  wbil«  powder  which, 
heated  out  of  contact  with  air,  ia  rntolred  into  phoaphido  of  Qitrogeo.  pht^^ 
raponr,  bromide  of  animoniam.  ammonia  and  hydrogen  gaa  (Boie).     With  wi 
yifldfl  broniiilfl  and  phosphite  of  ammonium. 

VeDta1>ronilil«  of  Pbospboma  or  rboapliorio  Bromide.  FBr*.  IWhrvmidg 
of  Pfiosphorus. — Protiucod  by  the  notion  of  bromine  in  exoesa  ou  phosphorus  or  oathi 
fribromide  ;  also  by  decompo«i.ug  iodide  of  phosphorutt  with  bromine  ;  most  tmulj  pn* 
piuvd  by  the  second  process. 

It  is  a  lemou-yeUow  solid,  crTStallising  in  rhomboidal  forms  oflar  fonon,  in  necdki 
when  sublimed;  melts  at  a  moderate  heat  to  a  red  liquid,  which  at  a  higher  tem- 
peniture  erolves  red  Tapours  ;    erolros  dense  pungent  fumea  in  the  air.     (Balard.) 

DfcompofitioTiM, — I.  By  cUcfn'ne  into  chloride  of  phusphorua  and  &ee  bromiac — 
2.  By  heat«il  mttalt,  into  met&lUo  bromide  and  phosphide  (Balard). — 3.  By  uhdk 
of  copper  and  rtd  aridr  of  mercury,  into  metallic  bromide  and  phosphate  (Lowig). — 
4.  By  a  small  quantity  of  watrr^  into  oxybrumidc  of  phosphorus,  ana  hydrobromic  aod 
(Gladstone);  by  a  larger  quiLiility,  with  rise  of  tcrop«raturd.  into  pboflpbohc  and 
hydrobromic  acids  (Bala  rd)  : 

PBr*  +  H«0  =  POBr*  +  2lIBr 
PBr*  +  4H»0  =  PH-0»  +  6HBr. 
6.  By  dry  wtdphydric  acid  go*,  forming  a  ht-avy  liquid  composed  ot  P^S'.CPBr', 
which  boils  at  200*^  without  decomposition,  but  respecting  which  it  has  not  beet 
positively  determined  whetherit  is  a  definite  compound  or  d  mixture  f>f  two  sabstaacM 
of  cqniil  or  nearly  equal  boiling  pointa  (Oladstone,  PhiL  Mag.  [3]  xxxr.  345).— 
6.  In  photphonUtd  hydrogen  gas  the  pentabromide  first  becomes  liquid,  yiflding 
tribpomide  of  phosphorus  and  hydrohromio  acid,  whioh  then  anitea  with  anntUrr 
pjHion  of  phosphoretted  liydrogfn,  and  forms  hydrobromate  of  phosphine  PH'_HBr, 
or  bri'mide  of  ph<  spfaoriuni  Fll*Br,  which  crystalliKr^  in  cul>es  (Serullas,  iii  201), 
By  prolonged  action  of  the  phosphoretted  hydrogen,  the  whole  of  the  bromine  iiSi 
mov^  frum  the  pentubromide,  and  phoephorus  is  set  free. 

VHOSPBOBUS,  CKZiORX3>B8   or.    PhosphoruH  unites  readily  And  dfrsctlj 

with  chlorine  eren  at  0*^,  the  product  boing  a  trichloride  or  pentachloride,  accordine  te 
the  proportions  of  the  two  elements  present  The  action  of  clilorine  on  ordinary  pDOS- 
phorus  is  iittoniipd  with  risible  comboBtion.  Chlorides  of  phusphonu  are  also  pmnerd 
by  the  artioii  of  phosphorus  on  metallic  chloridos. 

Tiichloiide  ofPboapborua ur Fhospboroua ClilorldOf  PCI';  form eriy called 
ProCocMoridc  of  Pkof/)h'>rus. — Tliia  compound  is  pn'i^red:  1.  By  passing  dry  chlorine 
gas  orer  phusphoruH  confainod  in  a  tubnlatel  retort  till  all  the  air  is  expelled,  thfo 
gently  be^iting  the  phosphorus  in  a  sand-bath,  while  a  alow  stream  of  chlorine  is  krot 
up,  so  that  the  gas  may  alwuys  come  in  contact  with  an  excess  of  phosphorus.  Ttis 
trichloride  then  condensfs  in  th<^  receiver  as  an  oily  liquid,  which  may  be  purified  froB 
excss  of  phosphorus  by  slow  rectification.  If  it  contains  any  pentachloride,  whieh 
will  be  the  case  if  the  stream  of  chlorine  has  been  too  rapid,  it  muitt  bo  digested  for 
some  days  with  phosphorus  and  then  rectified.— 2.  Dry  phosphorus  is  placed  at  the 
closed  end  of  a  gfasBtube;afew  lumps  of  nirrcuric  chloride  are  placed  upon  it;  the  phos- 
phorus is  gontly  heated  so  that  it«  vapour  may  pass  slowly  oTer  the  mercuric  chlondt^ 
and  the  trichloride  of  phosphorus  thereby  produced  is  collected  in  a  cooled  rsceirar  and 
afterwards  rectified. 

Trichloride  of  phosphorus  is  a  thin,  trsnfcparent,  colourless  liquid,  of  specific  grarity 
1*61  (Pierre),  1  45  (Davy),  boiling  at  78°  to  78  fi<»  under  a  pressure  of  751  to  757  mm. 
(Dumas,  Pierre,  Andrews),  at  73-8  under  a  pressure  of  760  mm.  (RegnaiK 
Jahresb.  1863.  p.  70).  Vapour-density  =  4*79 :  calc.  (2  Tola.)  =  4  77.  IjUeat 
heat  of  vapour  -^  67'24  (Regnault,  Jahresb.  1803,  p.  77).  The  tension  of  its  raponr 
at  different  temperatures  is  according  to  Regnault  (Jahresb.  1863,  p.  66)  as  foUowit 
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TrichJoride  of  phosphorus  warvcly  rc4li]f>n»  litniUB-pap«r.  It  dissoIrM  ph^upkorut, 
but  quK'klr  deposits  it  agiun  is  the  amorphous  «t&tet  oa  expcwtiM  to  the  itir.  It  ab* 
eorbfl  chlorine  rapidly,  forming  the  pcntuchloride,  and  orggen^  nX  the  boiling  heat,  to 
form  the  oxychloride  (Brodie).  When  heated  in  the  6)ime  of  a  spirit'lamp,  it  taicea 
fire  and  bums  with  a  bright  phoHphorons  flame.  Potnsmum  bums  brightly  in  its 
Tipour ;  red-hot  iron-fiUnga  decompoee  it,  with  formation  of  pboepbidp  of  iron  aod  ferrio 
chloride.  Strung  nitric  or  mtrout  arid  dpcoraposes  it  with  riulent  explosion. 
(PersoK  and  Bloch,  Compt  rend,  zxviii.  86.) 

Whf  Q  poured  intu  wairr^  it  tiiaka  to  the  bottom  and  decoraposee,  yielding  hydrochlo- 
ric and  pbodphorouB  acids : 

PCT"     +     8HK)       -       SflCl     +     PH'0». 

Wfaen  exposed  to  moist  air,  it  alowly  decomposes  in  the  sume  manner,  giring  oft 
white  pungent  acid  rapoors,  and  acquiriug  nu  uoid  reaction. 

With  tulphgdric  iu'id  it  forma  hydrocklurio  acid  and  trisulphide  of  phosphorus. 
(SerulUs): 

2PC1»     +      8H«S       .       6HCI     +     ms*. 

With  pAoapkorettfd  hydrogen  it  forma  hydrochloric  add  and  yellow  phosphorus, 
which  quickly  turns  rud  on  exposure  to  light. 

Willi  numatomic  alcohols,  rlherM,  and  acids,  it  acts  in  the  same  manner  as  on  water, 
producing  a  chloride  uf  the  alcohol-radicle  or  acid-radicle  and  phosphoroa^  acid  or 
anhydride,  the  phoaphorooa  actd  sometimes  acting  further  on  the  al<>>hol  to  form  a 
photiphorous  ether  (B^champ,  Compt.  rend.  xL  941,  xli.  23).  Thus  with  cthi^iU 
mkoiol  it  yields  chloride  of  ethyl  and  phosphorous  acid  or  phosphorous  ether  : 

3(C'H».aO)     +     PCI'        -        3C*H»CI       +     PH'0» 

and  3(CH*.aO)     +     PH>0'     ==     P(C'H»)"0"     +     8U»0. 

Anhydrous  tthrr  (ethjlic  oxide  or  anbTdride)  dues  not  act  on  the  trichloride  at  ordi- 
nary ttmppratuios,  but  when  the  two  liquids  are  beatod  tog^thor  to  180° — 300°  in 
•eaied  tubes,  chloride!  uf  ethyl  and  phosphorous  anhyilride  are  pruduced,  the  latter  being 
partly  resolvtd  by  tbu  beat  into  pliobpboric  anhydride  and  red  phosphorus  * 

3(C«H»)'0     +      2PC1*       -       6C«H»C1      i-     P'O". 

With  aeetie  acid  and  anhydride  it  yields,  under  similar  circumstances,  chloride  of 
ftcetyl  and  phosphorous  acid  or  anhydride. 

Heated  with  rthyltc  acetate  \q  160° — 1  SO'' in  a  aealed  tube,  it  yields  chloride  of  acetyl, 
eUoride  of  ethyl,  and  phosphoric  anhydride  : 

S(CH*O.C»H».0)     +     2PCP     -     3C*IP0a     +     SCH-K^l     +     PH>». 

From  the  eUiers  of  the  glycoltic  or  lactic  sonVj,  C'H^O".  it  abstracts  the  eleraeuts  of 
water,  converting  them  into  ethers  of  the  acrylic  serifs,  C'll*^— H)-,  according  to  tliA 
general  equation : 

3OH*-0»     +     PCI"      -       3C"H^'»-'0'     +     PH'0»     +     3HCL 

(Frankland  and  Duppa,  p.  273.) 

Zinc-ethyl  acta  very  violwntly  on  trichloride  of  phospbonw,  producing  triathyU 
phosphine  and  Binc-ehloridD : 

2Pa«   +    3Zn*(CH»)«     «     3Zn"Cl'   +   2P(CH»)». 

Similar   products    are    obtained   with  sino-methyl  and  sine^amyi   (Hofmann   and 
Cahonrs).     See  pHoepHoRus-BASBe. 

Ammonia-gas  is  rapidly  absorbed  by  the  trichloride,  forming,  if  rise  of  trmpemtore 
be  prevented  by  extfm&l  cooling,  a  white  mass  which  was  formerly  regarded  as  a  defi- 
nite ammunio -trichloride  of  phosphorus,  £NU'.PCt',  and  wa»  supposed  to  be  n»ulved 
by  heat  into  ammonia,  hydrogen,  phosphoms-raponr  and  a  residue  of  dinitride  of  phos- 
phorus PN'  (see  Gviiitn's  lianabook,  ii.  481).  But  this  ammonio-trichlorido  has 
never  been  obtained  pure,  and  its  very  exiHtenon  is  doubtful.  The  profluct  of  the  re- 
action of  ammonia  on  the  txichlorido  appears  indeed  to  consist  mainly  of  a  mixture  of 
aal-ammoniac  and  p bos phoroso-tri amide,  formed  according  to  the  equation,  PCI*  + 
6NH'  «•  3NH^dl  4-  N'H'P,  and  yielding,  when  ignitfid  witbfiut  aeceaa  of  air,  a 
residue  of  phosphorofio-diamiiie  and  phosphoropo-raonamidt  (p.  499). 

Pentachloride  of  Phoaphoma  or  Yboaiihorla  Cb]orld«.    PCI*.    Perchlorid4 

of  VliosphorMs. — Tliia  compuunil  is  protluwd  by  the  actiun  of  chlorine  in  exresa  on 
pbosphuruH  or  on  the  trichloride.  — 1,  Dry  chlorine  is  p«*sed  in  a  rapid  stream  into  a 
large  retort  or  WoulfTe's  bnttli*  containing  phosphorus,  which  must  W  kept  cool  at  first, 
as  ntherwise  the  hpnt  derploppd  by  the  reaction  Mrilleausf  the  trifhinride  of  phoftphnniR 
pjuJuctx/iu  t/iv  dri*t  waintict'  to  Jit-tii  over.    At'terwaj\h,  wUea  the  absorption  ul  iho 
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ehlorine  bcoomi^fl  ilow^r.  th?  rou<rtion  may  be  a»al»t»d  by  a  gentle  heftt.  Amorphovt 
ph<>spbonis  fxp<>fte4  in  th«>  state  uf  powder  to  tbe  action  uf  a  rapid  tHremm  ofchlonuu 
Ht  onco  ronrerted  into  the  solid  pentAcfaluride. 

"2.  PhoBphorus  is  iilio  rapidly  converted  into  pentachloride  when  intrt>daNd  inlonl- 
pbide  of  carbon  previously  Kituruled  with  cblorine  ;  nod  when  chlorin#  ii  piumj  to 
Mtanttion  into  a  Kolation  of  pbospborua  in  sulphide  of  cnrboo,  the  Lquid  on  cooUftj 
deposits  the  pentaohloride  in  cryst.iU.  Tnia  Ust  metJiod  i»  now  maeh  n»od  Ibr  xat 
prepimtion  of  the  compound  on  the  large  scale;  bat  aceording  to  Hago  Molltr 
{ Zeitsohr.  Ch.  Plmrm.  1862,  p.  296),  \}w  penlachloride  thus  prepared  almost  alvarv  ooa- 
tuins  free  pho^phonui,  eap'^eially  when  too  Mtront;  a  ttolutiun  has  be<pn  awd,  or  the  htiui 
hiu  b«vn  too  strongly  couInI  before  the  formution  of  the  pentachloride  ia  complete.  Tb* 
impure  product  thas  obtuintHi  has  a  dull  waxy  aspect,  different  from  the  shioia^  straw- 
yt>u<>ir  crytHalline  chiimcterofthe  pare  pentachloridc,  and  change*  more  or  leaa,  in  coons 
of  time,  into  the  liquid  trichloride.  Moreover,  if  (he  proportion  of  free  phosphons  iait  ii 
large,  it  may  becoraedangerous,  as  the  reaction  betwe«>n  the  fr&e  phorphoms  and  Ui*p«- 
t4Lchlonde  may  then  be  attonaod  with  a  rise  of  ti-miiemture  hiphenou;;h  to  prodaoesa* 
plueion.  Ttie  product  is  also  liable  to  be  coDtaminutiHl  with  a  saiphQr-oompoa&^ 
resttltiiig  from  toe  action  of  the  sulphide  of  carbon  on  the  peotachloride.  For  iImm 
reasons  Mailer  recommends  the  preparation  of  pentachlorldo  of  phoephoms  frim  tbi 
trichloride  as  follows. 

3.  A  small  quantity  of  the  trichloride  is  introdoeed  into  a  wide-moatbed  capaciou 
glass  Tessi^l,  cloecd  by  a  perforated  caoutchouc  plate  through  which  the  chlorine  is  ia- 
trodQced.  A  certain  quantity  of  phospboms  is  then  dissolred  in  it  ;  chlorine  gis  ii 
passed  into  the  ressel  till  the  whole  of  the  phosphorus  is  eonrerted  into  tn'chJuride;  & 
freah  poKion  of  phosphorus  is  addinl ;  more  chlorine  passed  into  the  re«se) ;  aod 
so  on  till  the  necessary  quantity  of  trichlonde  is  obtained.  This  product  is  thrn  ooo- 
Tortcd  into  pentaohloridc  by  prolonged  exposure  to  excess  of  chlorine.  In  this  procsn 
the  trichloride  acts  as  a  solvent  of  the  phosph'inu  in  pKce  of  the  sulphide  of  eirfaon 
used  in  the  ordinary  manu&cturing  process.  If  the  product  obtained  by  either  of  the 
above  processes  still  retains  traces  of  trichloride,  it  may  be  pnrifiad  hj  redistilUtids 
in  ft  stream  of  chlorine. 

Propertift, — PentAchloride  of  phosphorus  is  a  white,  or  more  frw|u«ntly  a  tirtV' 
yellow  mass  of  more  or  less  compact  texture  ;  it  czystallises  from  fusion  in  pn<ma 
(Davy).  Brodie  by  passing  chlorine  into  a  solution  of  phosphorus  in  sulphidecTf 
carbon  obtained  it  in  distinct  rhombic  crystals.  It  sublimes  at  100^  withont  ptvriooi 
fusion,  but  under  increased  pressure  it  melta  at  \AH°  and  boils  at  a  temperatore  a  little 
above.  The  specific  gravity  of  its  vapour  is,  according  toMitscherlicn,  4*86atlft5*; 
according  toCahours  it  varies  from  6078  at  182°  to  3-656  at  336^     The  last  igms 

31   +  6  .  36-6 
nearly  with  a  condensation  to  4  volumes,  for  j x       0'0693     =     3'68S. 

Probably  a  case  of  dissociation,  2  vols,  of  the  pentachloride  splitting  up  when  stroaglj 
heated  into  2  vols.  PCP,  and  2  vols.  CI.     (S*»e  ii.  817.) 

Deoomptmtions. — 1.  Pentachloride  of  phosphorus  bums  in  the  flame  of  a  eandlfl,aBd 
when  its  vapour  mixed  with  oryi/m  is  passed  through  a  red-hot  tube,  it  bums,  with 
formation  of  pliosphxric  anhydride  and  liberation  of  chlorine,  and  according  to  B»^* 
driraont  (R6p.  Chim.  pure,  111,  lli),  with  formation  of  oxychloride  of  pho-sphoni. 

2.  Treated  in  like  manner  with  hjfdrogen,  it  yields  hydrochloric  acid,  trichloodc  otf 
phosphorus,  free  phosphorus^  and  phosphorette^d  hydrogen.     (Baudrimoot,  Ice.  ^t) 

3.  It  does  not  net  on  carbon  or  on  bromine,  but  with  iffdine  it  forms  pentscblorida 
of  iodine^  which  unites  with  the  excess  of  tJie  T>entachloride,  forming  the  oompooad 
PC1*.ICL  The  same  compound  is  formed  by  the  action  of  the  p<'ntachJurido  on  tricklond* 
of  iodine:  PC1»  +  ICl"  -  PCIMCI  +  Cl»;  also  by  the  direct  union  of  the  penis- 
chloride  of  phosphorus  with  protochloride  of  iodine,  or  of  trichloride  of  pbospbonis  with 
trichloride  of  ioaine.    (Bati  drimont,  Rip.  Chim.  pure,  it.  60.) 

4.  Fu^ed  with  giUphur,  it  yields  ftulphoperchloride  of  phosphorus  PC1*S*  or  PC1'.39C8 
(Gladstone,  Chem.  Soc.  Qu.  J.  iii.  A).  With  sc/rtUHffi,  it  forma  the  cotnpound  P*Cl'*Ss 
or  aPriVSeCl*.     (Baudrimont.) 

5.  Heated  with  Various  metah  to  130° — 140**,  it  forms  trichloride  of  phosphoms  sad 
a  metjillie  chloride,  which  generally  unites  with  the  excet-s  of  pentachloride,  fomuBga 
double  chloride;  such  in  the  case  with  alumimum,  bi/tmutk,  iron,  tin,  and  pexhafs  um 
with  TJnc  and  copper.  Gold  and  more  particularly  phtinum  are  etiKily  attucked  by  tbe 
pentachloride,  the  latter  yielding  the  8ubh*raab]e  eom^uund  2PCP.PiCl*.  Antimtmy  \» 
the  most  easily  attacked  of  all  metals  by  phosphoric  clilorido.  If  the  metals  are  heated 
to  retlness.  a  much  more  violent  action  Lukes  place,  pht»i>phoru8  being  set  fr<ee,  lukd  a 
metallic  phosphide  sometimes  formed  (Baudrimont).  Potus^ium  heated  in  its 
vapour  burns  with  a  briUiant  light. 
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6.  Pentnchloride  of  phoephorus  hr«ted  with  a  imoU  qoftniitj  of  water,  or  aKD0M4  to 
muutiiir.  ID  which  caM  it  gives  off  ■  large  qojintitjr  of  ioteiuteljr  puoff«*nt  acia  fluneti, 
ii  rceoUed  into  hjdrocblunc  licid  and  oxychloride  of  phosphonu ;  with  a  bu^er  qoaa- 
titj  of  water  it  yields  hydrochloric  aod  phoephohc  acida : 

PCI*  ^-  H*0     -     POCl*  +  2HCL 


»ndPa» 


4HH)  -    PH»0<  ♦  6Ha 


7.  SulphydHe  acid  in  lik«  manDer  oonreita  it  into  bydrochlorie  add  and  mlphochlo- 
ride  of  pboBphoma : 

PQ"  +   H«     -     P8C1'   +   2HCI. 

8.  Bj  olcohoU  and  aoid*  it  ii  deoompoe«d  in  the  Bame  mmiDer  uby  water,  jieldiDg 
hydrochloric  acid,  a  oblurido  of  the  alcoholic  or  acid  radicle,  and  oxychloridfl  of  phoe- 
puoruB,  or  phosphoric  acid,  according  to  the  proportions  of  the  acting  substancet,  the 
phosphoric  acid  thua  formed  acting  further  on  the  alcohol  (o  produce  a  phoephurio 
ether;  ihtu  with  amylic  alcohol; 

C»H".H.O    +    PCl»      -      C»H»C1    +    Ha    +    poa*. 

Am^llc  Akobol.  Cblorl4l«  of 

amyl. 

and  9(C»H".H.O)  +   2Pa»     -     6C*H"C1  +   fiHQ  +   2nOH")«HP0n  +  HK) 
AmjUc  alcoboi.  Chloritl«of  iJUmjiltc  pbo«phaUk 


atnyt. 


Acetic 

ictd. 

C»H*0» 

Lactic 


PCI'    - 


+  HCl    +  POCl«. 


+  2Pa»   « 


♦  2Ha  +  2Poa«. 


k 


cipoa 

Chloride  of 

acetyl. 

C"H»0C1« 

Oilortd^  of 
lactr). 

With  aome  diatomic  addi,  howcrer,  it  first  forma  the  eorreapondiiig  anhydride% 
which  aft  Uien  converted  by  eiccss  of  the  pentochloride  into  the  acid  chloridea :  t^» 


c*n*o* 

S  licet  ntc 
«rld. 

C*H«0" 

Sik'clnlc 
anhydride. 


+  rci»  - 


pa» 


C*H'0' 

biitcinfc 
anhydride; 

C*H*OKn« 

Chloride  of 
Succinyl. 


+   2Ha   +   POCP. 


poa". 


Antimonic  acid  and  boric  acid  are  also  dehydrated  by  it,  yielding  the  corresponding 
anhydridfts,  togrther  with  hydrochloric  acid  and  oxychloride  of  phosphorus  (Schif^ 
Ana.  Ch. Fharm.  cii.  111).  tSlrong  nitric  ticid  act«  very  Tiolently  on  the  penlachloride, 
and  when  it  is  added  to  the  latter  by  dropp,  hydrochloric  acid  escapes,  and  if  the 
mixture  b«>  well  cooled,  a  blood-red  liquid  is  obtained  which  yields  by  distilUtion 
phosphoric  oxycMonde  and  yellow-red  vapours,  probably  consisting  of  KCCl 
(Schiff.) 

With  strong  siifphurie  aeid,  the  pentochloride  first  yields  pboepboric  oxycblorida 
and  chlorbydrosulphnric  acid,  and  br  prolonged  action,  chloride  of  Bolphmyl,  the 
so-called  chloDsulphuric  acid  (80')"CP  CWilliamaon,  CI 


Sutphtiric 

KJd. 


+      PO'      - 


so« 


iCl 
I  HO 


s^Iho 

Chlorhydro- 

•ul[>huric 
»cld. 


,  Cheu.  Soc  Qu.  J.  vil  186): 
POCP  +  Ha 


+    PC1»     -     S0«C1«       +   P0C1»  +   HCL 


With  suiphvric  ankydridt,  the  products  are  also  phosphoric  oxychloride  and  cfalorida 
of  lulphuryl : 

SO"  +  pci»   -   poci«  -f  8o«a» 

With  tulpKurmis  anhtfdridr  in  like  manner  chloride  of  thionyl,  (SO)'Cl',  is  produced. 
On  pkoapAoric  anhj/dndf,  the  p^'ntdchloride  does  not  act  in  the  cold,  but  when  healed 
it  acts  easily,  forniing  phosphoric  oxychloride.  Glacial  and  syrupy  phosphoric  acid 
are  but  slightly  ivted  upon  by  it  even  when  heated.     (Schiff.) 

fl.  Many  /rutallic  oxides  and  saiU  are  readily  decomposed  by  ignition  in  the  vapour 
of  phosphoric  chloriile,  yielding  phoBphoric  ox_vchIoridn  and  a  matsllic  chloride  or 
oxychloride.  Sucb  is  the  c*i«e  with  the  oridrt  of  cadrntupi^  martganear,  CK-fniU,  aud 
chromium,  ihv  la»t  yiflding  a  violet  Bubliinjito  of  chromic  chloride.  Ftrric  vside  and 
afumma  yield  *.lightly  volatile  ituUimates  con(ti»>ting  of  the  douMc  chloridts  K»<.'I'.PCl* 
and  AlCl*  P<;i*,  reepcctixcly.  The  minirals  of  the  jminei group,  when  fim-ly  polveni^d 
aud  tnat»d  in  likf  wmud^t  an-  she  dccomp/^n^'d  wtta  mere  or  I***  iacililv,  chrvinfift^k 
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And  JrankiiniU  jieti^ing  di»ti1lnt«s  contatning  ferric  cb1ond«,  tpimJ  li«Ua| 
chloride  of  aluminium.  ntamHe  u/  iron  yields  a  hrowo  sublinmto  uid  %  fljifflbli 
oont&ininff  the  chlorides  of  ir^jn  and  tiUnium.  Finely  pulrerijed  tUka  yitUi  % 
laming  distiUate  which  is  decomposed  \>y  wuter,  with  formatioo  of  gelatitwm  sQJa ; 
felspar  and  garmi  yield  similar  diAtillatas  containing  also  cbloridi*  uf  kluai- 
aiam.  Tungatic  and  molt/bdiv  anhttdridrn  are  decompoaed  in  a  similar  nuaaa 
(Weber,  Pogg.  Ann.  crii.  375,  Jahreab.  1859,  p.  79).  Tungafic  ankifdridt  \\tmXtA  with 
postachloride  of  phoaphunu  yields  a  red-brown  liquid,  which  whc^n  diatZUvd  grvw  iff 
phoaphoric  oxychloride  and  leaves  a  dabstaoca,  probably  (WO* j'Cl'.  which  raUiasi 
u  yoltow-n*d  vapnura.  On  Tno/gbdie  anhydride  the  chloride  acta  more  Tioleotlv,  ibs 
mixtare  giving  off  thick  white  and  red  rapoure,  and  leaving  a  thick  oily  liquid  vhaefc 
yields  by  distillation,  &nt  phosphoric  oxychloride,  then  molybdic  oxychloride,  tbrt, 

Srobably  io  coDHoquence  of  a  secondary  reaction,  a  red  woolly  snblinoate  of  moljbdie 
ichloride  (Sehiff).     Arsenious  ankgdride  is  easilv  decomposMl  by  pentachloade  ti 
r  phoaphorus,  yielding  phosphoric  oxychloride  and  tnchloride  of  arsenic ;  arae^ie  mhf^ 
^cruiff  yields  the  same  products,  with  evolutioo  of  chlorine  (Hurtsig  and  Oaathei; 
Jahresb.  18&7.  p.  186): 

AsKV     +     3PC1»       -       8P0C1*     +     2A*a» 

Aa>0»     +     fiPCP       -       6P0C1*     +     2AsCl»     4-      Q*. 

CJUorida  of  ehromyl  (chlorochromio  acid),  CrO*Cl',  gently  heated  with  phonfaorie 
chloride  yields  a  broim  mass ;  at  a  stronger  heat,  phosphoric  oxycht(»nde  and  hm 
ehlonne  are  given  off,  and  there  remains  a  blue  powder  cootaJnitig  chromio  and  phos- 
phoric chloriops,  and  converuni  at  a  red  heat  into  violet  chromic  chloride : 

sCtOKn*   +    4Pa*     -     4?oci»    •»•    acrci"    -•-    lOP 

(Weber:  see  also  Sehiff,  Jahresb.  1857.  p.  107).  Soric  anhydride  is  but  m 
slightly  decomposed  by  ignition  in  the  rapuur  of  phosphoric  chloride ;  iodic  taUkgdnm 
T»ry  casUy  (Weber).  Sitrate  ofsHver  snd  chlorate  of  potassium  are  decompaiKd  by 
phosphoric  chloride  at  ordinary  temperatures ;  tungutate  of  iron  (wolfrmm),  smphMi^ 
txtrivm^  phot^hatt  of  n)dium  and  other  salts  nt  a  red  hwit  (Weber).  li« 
lition  of  chlorate  ofpotagsium  is  represented  by  the  equation : 

KCIO"     +     3PCT'       «     8P0C1»     +     KCl     +      3C1" 

Sometimeti  also  a  detonating  gas  (hypochloroofi  anhydride  or  chloric  peroxide)  ii 
evolved,  probably  frum  the  nctiou  uf  hydrochloric  acid  resukiufj;  from  the  preaence  of 
inoi>tture  (Baudrimont).  According  to  Sehiff  (A.nn.  Ch.  Ftiarra.  cri.  116)sdari 
jftllow  gu  is  given  off.  which  may  be  heated  without  ex^iloding,  and  when  pnnsrrl  inTi) 
dilute  potash-M>lution,  forms  chloride,  hypochlorite  and  chlorate  of  potaAsina. 

10.  Mftailie  »ii/phidts  hi»ted  in  the  vapour  of  penrachloride  of  phoephonu,  are  d^ 
composed  like  the  oxidf's,  yielding  metallic  chloride  and  sulphochloride  of  phosphom^ 
PSO',  bat  generally  with  greater  facility  than  the  oxidei,  snd  sometimes  with  inaa- 
descence.  Iron  pgriirs,  sinc-bltndr,  sitJphtdr  of  bismuth^  rtalgar,  natire  ndphidi  ^ 
ctUiinongt  md  galeva,  are  easily  and  completely  decomposed,  the  last  wnth  incasdrt- 
cence  and  formation  of  a  brown-red  product,  probably  a  snlnbochloride  of  lead ;  artemi' 
eal  pf/riUs,  smaltine^  cobatt-spriss,  and  red  nlver  ore  are  likewiae  easily  decomposed, 
AUnidr  of  lead  rields  chlonde  of  lead  and  a  reddish  seleniferons  liquid  probably  eos- 
tainiiig  Nelp^ninchloride  of  nhosphoru!*.  Metallic  arsenides,  such  as  arneriiral  iron  aixl 
copppr-nic'kel.aru but  alowfy  attacked  bypentaehloride  of  phoBphorua.    (Web er,  toe  riL) 

n.  SuipfvK-yanatc  of  potasfium  grntly  healed  with  pentachloride  of  phoephons 
yields  Cu^^us  chloride  of  cyanogen,  ntlphochloride  of  phosphorus,  and  chloride  of  p(H 
tassium : 

KCyS     +     PC1»       -     CyCl     +     KCl     +     PSa» 

A  small  quantity  of  chloride  of  sulphur  is  likewise  formed.  At  a  higher  tempentare 
larger  quantities  of  chloride  of  sulphur  diBtil  over,  together  with  tricblorids  of 
phosphonia  and  solid  chloride  of  cyanogen;  and  a  reddish>yellow  rettidue  is  left»  fnta 
which  water  extracts  chloride  of  potajiMium,  leaving  sulpbnr  and  yellow  deoompocitBQn* 
products  of  potasaic  Bulpbocyanjitc.     The  first  reaction  is  probably  : 

«KCyS     +      2PCa*       =       2Cy*Cl"     +     S«C1»     +     2KCI     +      2K«S»     +     I», 

the  fires  phoflphonm  sad  the  dtsnipbide of  potassium  afterwards  aoting  on  feeahportiau 
of  thft  pcntucoloridc,  as  follows : 

P'         +      3PC1»     =       S?Ci*; 

K«S»     +     PC1»       ^      PSCl"     +     2KCi     +     a 

The  yellow  prodnete  above  mentioned  probably  arise  from  another  mode  of  d*eonip»> 
sition  of  the  sulphocyanatc,  produced  simultaneously  by  the  heat.  (Schif(  Ana.  CK 
X'hxuia.  cvi.  110.) 
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^th  pKonkoretted  hydrogen  pe ntackloride  of  phoopbonia  formi  hydroehlorio  ftckt 
Cricliloriae  of  phosphorus,  or  ire^  phosphorus,  arcordiog  to  the  proportioiu : 


SPCl*      T       PH'       -         3Ha     +     4Pa" 

3pa'    +    fiPH"     -     ifiHa    +      p». 

12.  P«ntadiloride  of  phoephoroa  rapidly  ftbfortMaffimonia-jrai,  forming  ul-uamoDia^ 
tho  AOHsalled  chlorophoaphuoide  (p.  498^  chloronitride  of  pbonphortia,  and  perhjip£ 
other  pioduct« : 

PC1»     +     4NH»       -      N^H*Pa«     +     2NH*C1 ; 

Chloro|thocptiuD  Ide. 
and  Pa»     +     4NH»       -       PNC1«  +         SNH»C1 

ChlnronttrMfl 
of  pbotplionu. 

It  Wit  formerly  inppoted  alao  that  a  compound  of  ammonia  with  th«  pentachloride 
iru  formed ;  but  thu  does  not  appear  to  be  the  cam.  (See  Gmdin  •  Handbook^ 
ii.  482.) 

13.  Amidf4  are  decomposed  bj  pentachloride  of  pbosphortu  in  various  ways.  Aceta* 
tnids  acta  very  Tiolently  on  the  pentachhiride,  und  on  distilling  the  product,  a  cod- 
■ideiubla  quantity  of  Cttrboniiceous  matter  is  left,  while  a  compound  of  acetonitrile 
with  txichloride  of  phoephome,  C*H'N.PC1',  paseea  over(Henke,  Ann.  Ch.  Phami- 
cvi.  272).  ButyramitU  yields  in  like  munner  the  compound,  C*H'N.PC1"  (Henke); 
or  according  to  Cahoure  (Compt.  rend.  xxv.  826\  butyronitrile,  oxyohloride  of 
phoaphonu,  and  hydrochloric  add : 

C»H»NO     +     PC1»      -     OH^     +     POCl*     +     2HCL 

Snuamide  yicldfl  in  like  raannpr,  according  to  Henke,  bensonitrile,  C'H*N,  oxychloride  o( 
phoephoruB,  und  hydrochloric  acid ;  acoonling  to  Gerbardt,  the  first  produota  of  the  re- 
action are  ox)-cbloride  of  phoephoruB,  and  the  compound  C'H^XCl' : 
C'H'KO     +     PCI*      -      POCl*     +     (TH'NCl' ; 

the  latter  being  subsequently  reeoWed  into  HCl  and  G'H'NCU  which  when  heated  ts 
ftirther  resolved  into  HCl  snd  C'H*N  ^bfueonitrile).     SyiJphopkenjflamidt  (or  »ulphi- 


pMenyiamio  aeid'^  C*H'iK>*N,  heated  with  pcntactiloride  of  nhosphonts  yields  sulpbiphi 
onitnde  (Oerhardt's  chloride  of  Bulpbophenylamiayl) ;   acoordicg  to  tl 


aylie  ehloroaitnde 
I        equation 
I  H.C-H* 

(SO)' 


tb« 


sorJN  . 

Sulphtpnen^lamle 
acM. 


PCI*      -      HCl     +     POCT 


s4- 


OH' 
(SO)' 


8ulphlplien;lio 
cliioi»iiUrld«. 


B€tuo9ulphopfuiiylamid4  yields  in  like  manner  bensomlphipbenylic  chloronitride: 
C»H»0|  ^^^^ 

(80)-  [  0     "*■     ^^*      "      HCl     +     POCl'     +     (sor 


sor  \^. 


(Oerhardt,  Ann.  Cb.  Fhann.  eriii  214;  compare  Fittig,t^<2.  crl  277;Jahreafab 
1868,  pp.  31 4— 320.) 

Ojfhpoundt  af  PentacJUorid4  of  Pkosphorut  teitk  other  Chloridet, 

These  compounds  are  obtained  either  by  direct  combination  of  their  proximate 
eontitittieats,  orby  the  acttoo  of  various  elementary  bodies  onpentachlorideof  pnoephorus 
(p.  612).  They  are  all  less  rolutile  than  the  latter,  and  may  be  freed  from  extvss  of 
it  by  heating  for  ten  to  twenty  hours  to  160* — 180*,  and  further  purified  by  sublima- 
tion at  a  higher  temperature.  They  are  all  solid,  Tolatile^  fume  in  Lhe  air,  and  aro  do- 
composed  by  wut<^r,  in  mime  cafes  with  rise  of  temperature.  (Baudrimont,  Compt 
jrnd.  Iv.  361 ;  Ann.  Ch.  Phys.  [4]  ii.  6.) 

lodophotphoric chhridf.  PJCi*  »  PC1MC1»  is  obtained  by  the  action  of  iodine  on  tha 
pf*ntachloride  ;  also  by  <lirect  cumbination  of  its  component  chlorides,  or  of  triehJorida 
of  phuflphorua  with  trichloride  of  iodine;  or  by  the  action  of  trichlraide  of  iodine  on 
pt'Qtachloride  of  phosphorus : 

pa«   +   ici"     -     pia*   +   ci«. 

It  is  orange-yellow,  and  may  be  obtained  by  distillstion  in  beantifnl  needles  which 
quickly  absorb  muidture  and  deliquesce  to  a  corrosire  liquid. 

SfUuto-phosph  ^ic  chhridf,  P^Ul'*  =  2PCl'.SeCl*,  obtained  by  direct  combination 
is  orangt-yellow.  boiU  at  220^,  and  acquires  a  traxuient  red  colour  when  heated  till  it 
TolntiliseB. 
^/u^AfN4Mp4<^/U(^,i:c4/&rfi/e,  FAJCI"  ^  FfVMCi'.—Jhis  wmpooDd,  fint  obtun«d 
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by  W*^ber  (Fogg.  Ann.  crii.  376),  it  produced  by  direct  oombi nation,  by  betfSigJ 

£iif1y  dirided  aluminA  in  tlie  Tui>our  of  phosphoric  chloride  (Weber),  or  hj  ffe^l 
tuition  of  tilnminiam  on  tiiHt  cora[K>und  (Rftadrimont).  It  i>  white,  eswdly ftaUi^  1 
•olidifitt  in  the  crystalline  form  on  cooling;  is  much  Itsa  roUiUe  tli«n  either  «f  Am 
component  chioridea  (Weber^  boila  above  400°  (Baadrimnnt).  It  U  drcninjuwl 
by  pho«phoru8,  with  formiifion  of  trichloride  of  pbosphornn:  forms  a  dark  rtd-tovi 
mHHs  when  bented  with  i>ulphur ;  nnd  when  heated  with  chloride  of  potawnin,  p^m 
off  pentaehloride  of  pboaphorus.  and  i«  converted  into  chloride  ocf  alaminiBiD  tad 
potaBsiuni. 

Ffrriro-phftspM/nte  chloride,  PFeCl"  =  PCl*.Fe"CI',  obtatined  by  aimJar  iii \\\mm  ^ 
is  brown,  easily  fusible,  Icsa  rolatile  than  either  of  the  componrnt  ^ilondea  (Webar);  H 
meltsaT  98°  and  boils  aborr  280°.     (Baadrimont)  1 

Mercuneo-phospkorio  chloride,  PHkHH'*  -  PCl».3Hg*Cl'.  forma  easily  hsUti 
needles  volutilieing  at  about  200°,  and  decomposing  when  soddenlj  fapated.  (Bi«- 
drimont  ) 

PiatinicQ-phospkoric  chloride,  PT*tCl'<  «  2PCirPl*'Cl*,  obtained  by  the  arlioo  cf 
plntinnm  on  the  pentachloHde,  is  an  amorphous  ochre-brown  nuiKs,  which  TolafiKx 
with  partiHl  dt-composition  at  temperstorea  abore  300°.     (Baudrimont.) 

StQnnieo-pho»phimc  chioride,  PSnCI*  —  PC1*.Sd"C1*,  prodnoed  by  direct  eombiDHioe 
or  by  gfioMv  beating  the  compound,  SSCIVSnCl*  with  trichloride  of  phosphonis  is  • 
current  of  ory  hydrochloric  acid  gu& : 

'2SaV8nCl*     +      3PC1'       »       PCI*.Sn"Cl'     +     2PCI*      +      SKV; 

abo  by  heating  the  same  compound  with  pentachloride  of  phosphorus  in  a  stresB  4 
chlorine  (Caaselmann,  Ann.  Ch.  Pbarro.  Uxxiii.  257 ;  Jahresb.  1852.  p.  393).  It 
sublimes  in  brilliant  colonrless  needle-shaped  CTi'st^alSf  which  soon  cramble  Co  an  unor- 
phous  powder  even  in  c!oBedTeii8ela(Ca9setmann).  Melts  at  220^,  and  rolatilisM  with 
partial  decomposition.     (Baudrimont.) 

VBOBPKOXUS.  CKIiOSOJrmtm  or.  PN*C1*.  CMorophufpkurtt  i-f 
fiitroiitn. — This  compound  waj*  {liHtovend  by  WohlerandLteb t(?  (Aim.  Ch.  Pbana. 
xi.  146),  who  assigniHl  to  it  th«  formula  P'N'CK  It  was  further  examined  t^ 
Oladstoue  (Chem.  Soc  Qu.  J.  iii.  130),  whose  analyses  appeared  to  oonfljia  (faa 
formula.  Laurent  however fCompt.ehim.  1860.  p.  387).sneg^<4  tliAtthe  trasfcr- 
mula  of  the  compound  was  PSCl',  doriTod  from  tnat  of  pentacbloride  of  pbMphons 
by  the  Hubfttitution  of  I  at.  nitrogen  for  3  at.  hydrc^n ;  and  the  cotT«ctness  of  tliit 
formula  has  been  entabliahed  by  the  recent  analy^s  of  Gladstone  and  Holn*i 
(Chem.  Soc,  J.  xrii.  22A),  who  have  however  shown  that  it  must  be  tripled  in  aetscnt 
anee  with  the  obfcrred  vapour-density. 

FormaCion. —  "By  the  actinn  of  pentachloridt*  of  phosphorus  on  ammonia,  chloride  of 
ammoninra  (Wohler  and  Liebig).  or  chloride  of  dimcrcarammonium  (white  pnap- 
tate).     (Gladstone  and  Holmes.) 

Preparation. — I.  Pent«bchloride  of  phosphorns  is  Mitumted  with  dry  ammonLacalp^ 
and  the  white  maai  produced  in  dintilled  with  wnter.  The  crystals  which  condense  in  thf 
water  contained  in  the  receiver  are  th<*n  colb^eted  on  a  filter,  washed,  dried,  and  porHlfti 
bv  aolntioa  in  hot  ether  and  rf^srystulliaatioD  (Wohler  and  LiebigV — 3.  Pmta- 
cnloride  of  phosphorus  is  placed  at  the  closed  end  of  a  glnsa  tube  three  feet  long,  asd 
at  a  short  diMance  from  it  long  pieces  of  sal-ammnnisc  are  iDtrodvced.  in  nicfa  onaa- 
tity  that  the  tube  mav  be  half  tilled  with  them.  The  tube  is  then  Isid  horisontally  b 
A  long  funiaoe,  simiLir  to  thut  u*-ed  for  or^iiiiic  HniilvNts.  and  the  s&l-ammoniae 
heated  till  it  begins  to  rolutilise ;  a  gentle  heat  is  then  applied  to  the  chloride  of  p^Q•- 
phnrui,  an  that  its  vspour  may  slowly  pass  orpr  the  wl-HmmoTiiac,  and  ho  compJetett 
decomposed.  A  large  quantity  of  hydrochloric  scid  gae  is  cvolvtd,  and  ihe  cool  psrt 
of  the  tube  becomes  filled  with  crysralH  of  chloronitride  of  phosphorus.  This  portion 
of  the  tube  is  broken  ofl^.  and  freed  from  Kal-ammoniac  by  slightly  washing  it  with 
water,  and  the  compound  is  flnall3- purified  with  othrr  (Wohler  Hnd  Liebig). — 8.  Ao 
iniimate  mixture  of  white  prwipilate  and  prntHcbloride  of  phn?*phorus  is  gently  heated 
in  H  fiaf<k,  whereupon  a  brisk  action  ensues,  and  chloronitride  of  pho!(phonui»  fbcmed, 
together  wilh  chlorophosphamide,  mercuric  chlnride,  and  lal-nmrnonisc.  The  prodwt 
is  tn'iitpd  with  water  which  disBolvrs  out  the  two  latter  substances,  and  frc*m  the  midaa 
when  dry  tbeohlomijrrride  may  be  extracted  by  meana  of  ether,  chloroform,  or  su^ifaiik 
of  carbon.  Thia  method  :s  eauier  of  expoution  than  the  preceding,  but  not  more  pre* 
dnctive.     (Gladstone  and  Holmes). 

/VoperAW.— Chloronitride  of  phosphorus  jtepamtes  from  either  of  the  solrpsts  jvt 
mentioned  in  crystals  belonging  to  the  irimetric  system.*     Specific  grarity  >«  I'M; 

*  Th*  paprr  bjr  (ilwlitoite  and  Hnimr*  atxivr  rrferr^  to  motRlut  a  fUll  dcarrf pclon  of  tiM  Ikni  aai 

»'pt'-al  |irofw>rti*?»  of  these  cryit%l»,  by  Piot^Mm  V^i .  \\.V\\\«t  «At*wita<vA^,«. 
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I  crystals  or  a  film  of  the  mr- Ited  substance  floul  liowewr  on  water,  doubt|pf>s  frrm 

itii  intbility  to  be  wetted.      It»  specific  n-fmctiTf  ener^^f  ^i.''. ^,;,(if — ~  J  "*    - 

o)Ht^rr«tioii  0'318;  by  calruUtion  from  the  upecific  rt'frHtrtJve  etiBi^icA  of  ita  «)n>tituentj 
(i)bo«>phorus  0-58,  nitivgoD  U-238,  chluriutf  0242)  it  U  0332  ^QladstoDr  nnd 
itolmes).  It  metis  at  about  110^  to  a  clear  liquid  which  boils  at  240°;  it  Tolntiliju's 
alowiy  at  ordinary  tf>mpf>ratniv«,  and  whan  beat^  ?ives  oflTa  dense  rapour  having  n 
peculiar  odour  (Glad  s  to  no).  It  givwt  by  analysis  JfiOfl— 26-44  per  c«nt.  phosphorus, 
U'73  nitrogen,  and  6072 — 6115  chlorine  (Gladstone  and  Holmoa),  agrwing 
D'^arly  with  the  formula  PNCT,  which  r<^uire«  26  72  photphonis,  1207  nilrogi-n,  and 
Al'21  chlorine.  The  vapoar-denKity  (mean  of  two  dpterminationh)  »  1221;  wbencia 
the  true  formula  of  tho  compound  ia  I"N'C1'.  which,  for  a  condensation  to  2  roLumesi 
gives  for  the  calcuJat'Ml  density  the  numU-r  1210. 

Cliloronitride  of  phosphorus  is  insoluble  in  water,  which  mttroover  do«i  not  easily 
wet  it;  euaily  soluble  in  alcohol,  tih^r,  chloroform,  auIphiAe  of  carbvn,  hensi-n*^  oil  of 
turpentine  and  other  hydrocarlxins.  It  is  not  decoiuix>e«'d  by  nuMiniatiuu  in  hydntgfn 
or  sulphydric  acid  gas;  or  when  healed  with  iodine  (Gladstone).  Whiw  iuniird 
with  oxiiie  of  copprr,  it  j-it^lds  nitrogen  g««  snd  nitnc  pproxide.  Its  vapour  paM^fi 
over  red-hol  iVfrn,  yield*  nitrogen  pw.  urn!  a  crystalline  mass  eonsif^tiug  of  chloride  nud 
phosphide  of  iron  (Wohler  and  Liehig).  H»-nt«I  with  srftw,  it  yield*  chloride  of 
ailvpT,  another  silver-salt  insoluble  in  uime  acid,  and  ammonia;  it  is  decompO!*ed  in  a 
similar  manner  by  silver  when  diwolv*^  in  ether,  the  solution  acquiring  an  acid 
reaction.  Its  alcoholic  solution  mixed  with  nitmtr  of  ailver,  yields  a  pnvipiiar*'  of 
ailTer-chloride.  According  to  Wohler  and  Liebig,  it  is  not  attacked  by  iiulphuric,  hy> 
drochloric,  or  nitric  acid,  even  when  heated  ;  according  to  Oladtttone,  tb«  cr)'«laLlij«<^ 
Bubfltance  is  attacked  only  by  hut  fuming  nitric  acid,  and  more  easily  when  diwolrcd  ia 
alcohol  or  ether. 

When  trr'atcHl  in  alcoholic  solution  with  amtnonia  or  pvttuh,  it  is  immediately  con- 
Tcrted  into  pyropboKphodiamic  acid  (f.  f.)  (Qladslooe  and  Holmes): 

2P»N»C1«  +    16H»0     -.     3P«N'R*0»   +    12HCL 
Chloroiittrlile  PTroj»ho». 

of  phocpborui.  phoajiainic 

FBOBPBOS.178,  CH&OKOBIT&PXXSB  OF.     See  Phosphokus,  SoLPHOcaLO- 

SLU>a  or. 

YBOSyHOSUS.  CTAWZDBB  or.  Kemp  found  tliat  cysnofren  liquefied  by 
strong  prp$tiur^  ts  rHpabl«  of  diatiolving  phunphorus;  and  Cenedella  (Ann.  Oh. 
Pliarm.  xviii.  70),  by  henting  6gniiii«  of  phosphoruewith  20grains  of  mrrcoric cyanide, 
obtained  (unless  adaagfroas  explosion  took  place)  a  white  sublinute  which  bad  a  Terr 
piing4«nt  odour  of  phosphorus  and  cyanogen,  and  dissolvefl  in  water  with  ebnllitioa 
and  separation  of  phosphorus,  forming  a  solution  of  phosphoric  acid,  with  truce  of 
hydrocyanic  acid  {GmeliH*s  Handbook,  viii.  147).  Neither  of  these  products,  however, 
appears  to  have  posses8ed  any  definite  ehamcter,  and  the  only  known  detioite  cyanide 
of  phoflpliorus  yet  obtained  is  thai  which  curreaponda  to  the  trichloride. 

Trlcyanlde    of   Phoapboma  or  Vbotptaoroaa  Cyaalde.   PON'  nr  PCy* 

(Huln-r  and  Wehrhano,  Ann.  Ch.  Pharm.  cxxviii.  261  ;  'xxxii.  277)- — This  com- 
pt>imd  i»«  pnnluced :  1.  By  heating  c^anido  yf  silver  with  trichloride  of  phosphorus  ia 
a  sealed  tube : 

PC1»   +    3AgCy     -     PCy*   +   SAgCL 

2.  Together  with  chloride  of  cyanocen  and  chloride  of  nitvt'r.  by  heating  cyanide  of 
silver  with  a  solution  of  pentachloride  of  phosphorus  in  sulphide  of  carbon  : 

PCI*   +   4AgCy     -     VQf   i-   CyCi  -f    4AgCL 

It  is  not  formed  by  heating  other  metxlHc  cyanides  or  hydrocyanic  acid  with  iriehloride 
uf  phoflphorus,  or  by  mixing  phosphorus  vapour  with  cyanogen  gas  or  Tspour  of 
chloride  of  cyanogen. 

Prr/Mira/tiTn.-^  Cyanide  of  silver  is  thoroughly  moistened  in  a  strong  tube,  which  is 
kept  cool,  with  trichloride  of  phosphorus;  the  tube  is  sealed  and  heated  to  130° — 140^ 
for  six  or  eight  hours ;  the  product  is  then  wanned  to  driTe  oiF  the  excess  of  the  tri- 
chloride ;  and  the  dry  residue  is  heated  to  130^—140^,  or  at  most  to  180°.  in  a 
retort  baring  its  beak  directed  upwards  (best  in  a  slow  stream  of  cartronic  anhydride) 
till  it  sublimes.  The  retort  is  then  closed  airtight  and  left  to  cool,  and  the  cr3Stal8 
of  phosphorous  cyanide  are  removed  from  the  neck  by  a  glaas  rod ,  20  to  26  gramaies  of 
ailver^cyanide  ^-ield  4  "6  to  4'fi  gmmm*s  cyanide  of  phosphorus. 

Proprrties. —  Tricyanide  of  phosphorus  forms  long  white  needles  or  thick  plates, 
vhicb  take  fire  even  on  being  touched  with  a  warm  gUss  rod,  and  gradually  disiaiegrat* 
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10  ooDtact  vith  moist  air,  iritti  separation  of  phospbonu^  fonnmtion  of  phospboroH 
and  erolatioD  of  bydrocyuoic  acid.  It  molta  between  300*^  and  2U3°,  and  ro 
liqaid  for  some  time  aflrr  fntion,  bat  golidiflrt  on  bfiog  toach4>d  «^th  a  nlid  bod/.  It 
buila  at  a  few  degree*  abure  its  meltiDg  point  It  is  bat  alightly  aolnble  ia  «liir, 
chlcTofifrM^  9ulpkidt  o/earbc>n  or  tricklorvU  of  pkofpJkorua^  more  easilj  hoTenr  am 
itB  melting  point  In  contact  irith  war^,  it  is  rapidly  decomposed,  rieUiinff  ^ty^n- 
cyanic  and  pboephoroof  acids.  With  ethy^tc  or  itfM/Uc  alcohU,  if  proaooea  t£«  wf»- 
■ponding  phoophorvus  ether,  together  wirh  a  )ai;|;e  quantity  uf  hy drocjaiiic  aod  lada 
fetid  body,  the  same  apparently  ae  thit  which  is  formed  in  the  nrepAratioa  of  erundi 
of  ethyl  (ii.  211).  Acrtic  arid  actM  on  phoftphoronn  cyanidp  with  great  Tiolcnee,  olba 
producing  aeparation  of  carbon.  With  oalrrianie  mna  it  forms  hjarocyanic  aent  vku^ 
pboions  acid  and  an  oily  body  exhibiting  the  reactions  of  cyanide  of  wer^  CkMi$ 
ef  acetyi  acta  upon  it  at  100°,  but  the  reaction  doet  not  yield  any  vftaily  vepttmUi 
products.  It  is  not  acted  upon  by  dry  ammonia  gas  at  crdiD&ry  temperatorci^  W 
whf^  heated  in  that  gas,  it  is  converted  into  a  black  mans  iiuoluble  in  water. 

»HOBVHomirs,  sbtsotxov  ajth  mbtiscatzov  or.    PhoaphoroMi 

alrt.-»dv  obttenod,  occurs  in  nature  moct  frtHjUi-utly  iu  the  form  of  a  phosphate,  Tbt 
reactions  of  these  salts,  and  the  methods  of  estimating  the  phoephoric  add  or  ^ 
phoephoma  contained  in  them  will  be  giren  hereafter  (see  pBOflPHoaiT}^  Oxn^ 
▲ciDi  or). 

In  the  lower  oxygen-compounds  of  phosphoros,  namely  the  phosphites  and  hypo* 
phosphites,  the  pbosphoras  is  determined  by  concerting  them  into  pbospbateib; 
oxidation  with  nitric  acid,  or  better  with  hydrochlorio  acid  and  chlorate  of  poUsnam, 
or  by  tboir  reducing  action  on  salts  ot  gold  or  mercozy. 

The  chlorides  of  phosphorus  are  analysed  br  decompoainff  them  with  witir  or 
with  alkaline  solations,  whereby  they  are  conTerted  into  bydrocnloric  acid,  and  phos* 
phorvus  or  phospboric  acid,  according  ae  the  compound  operated  on  ia  a  tti-  or  pesU- 
chluride.  In  the  Utter  case,  the  phosphorus  may  be  immediately  precipitated  u 
ammonio- magnesia D  phosphate  ;  in  the  former  it  must  first  be  broiuht  to  the  state  of 
phosphoric  acid  by  oxidiitioD  with  nitric  acid.  The  chlorine  maj  be  detcrxaiaed  br 
precipitation  with  nitmte  of  silver.  Tlio  same  method  sexres  for  the  aaalysaa  of  ttw 
bromides,  iodides,  and  cyanide  of  phosphortis. 

The  sulphides  of  phosphonu  may  be  decompoeed  by  fusion  wStb  nitre  aodeuhv 
nate  of  sodium,  or  by  treatment  with  hydrochlonc  acid  and  cblorute  of  potaasiom.  Is 
either  case,  ttip  pho^phoma  is  converted  into  phosphoric  acid,  the  ^phnr  into  salpbvic 

acid,  and  the  former  may  be  precipitated  by  solution  of  magnesia  and   " '  **" 

latter  aa  a  barium-salts 

The  same  method  ia  applicable  to  the  selenides  of  phoflj^ma. 

The  nitrogen-compounds  of  phosphomfl,  riz,  the  phos phamidev  and  pbei- 
phamic  acids,  are  decompofted  by  the  action  of  alkalis,  the  phoephortia  being  tlierwbj 
couYeiled  into  a  salt  of  phosphoric  acid.  Cbloronitride  of  phospboraan 
decompoeed  by  tretiting  its  alcoholic  solution  with  ammonia,  whereby  it  is  conrertsd 
into  clduride  and  pyrophoaphodiamatc  of  ammonium  (p.  617).  The  chlorine  is  thta 
thrown  <lown  by  nitrate  of  silver  in  presence  of  nitric  acid,  and  the  pyrophosphcdiuu 
acid  is  cunvertmi  into  phoaphoric  acid  by  boiling  its  solution  for  some  time  with  hy- 
drochloric acid.    (Ciladstone  and  Holmes.) 

The  phospbonis  in  organic  compoundsia  converted  into  phoetphorie  acid,  cither 
by  fusion  with  nitre  and  carbonate  of  sodium,  or  by  Carina's  method  of  beating  wiA 
nitric  acid  in  sealed  tubes  (see  Analtsis,  Oboavic,  L  248).  Many  animal  and  regetabb 
aubstiLDcefl  contain  phosphorus,  partly  as*  ptiosphoric  acid,  partly  in  combination  with 
the  organic  matter.  To  estimate  the  quHntitie«  of  phosphorus  existing  in  theae  two 
Statee,  a  knovn  weight  of  the  compound  ia  boiled  with  hydrochloric  acid,  which  dia- 
Bolres  the  phospfiate  present,  and  possibly  another  portion  or  even  the  whole  of  th« 
compound,  though  that  is  seldom  thA  case.  The  liquid  is  then  fllt^^red  and  the  phos- 
phoric acid  preripitatod  aa  ammooio-magneeiao  phosphate  Another  portion  of  tL* 
compound  is  oxidised  by  oae  of  the  methods  nlwve  mentioned,  and  the  phoephoric  acid 
determined  in  Uke  manner.  If  tiie  quantities  of  pho6i>horic  acid  obtained  in  the  tvo 
cases  are  equal,  it  may  be  ooneloded  that  alt  the  pnoephuroB  in  (he  original  eonposed 
was  in  the  form  of  phosphoric  acid  ;  if  on  the  other  hand  tlie  oxidiaod  portion  is  ftnmd 
to  yield  a  larger  quantity  of  phosphoric  scid,  the  quantity  of  phosphonu  existing  in  tJif 
non-oxidised  oonoilion  may  be  Cftlculatn]  At»m  the  difference. 

Gdaeous  compounds  of  phosphorus  and  hydrogen  are  analysed  bypassing  then 
in  the  perfectly  dxj  state  over  a  weighed  quantity  of  solphidc  or  chloride  of  ooppff, 
nickel,  cobalt,  or  iron,  of  known  composition,  kept  at  a  moderate  heat  in  a  balb<taba 
The  metal  {&  thereby  completely  converted  intophoapliide,  and  the  sulnhar  orchlorint 
peases  off*  aa  sulphydric  or  hydrochloric  acid.  The  bulb-tube  containing  the  metallic 
diloride  or  sulphide  ia  weighed, fttat  em^^,  v\\«xk  w\X.\i \)ci«  OoAciivdie  ot  ^uiv>hide  ia  it, 
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ud  laMtly  «t  the  complption  of  the  experiment  The  coinpoeition  of  Uii*  rhluritle  or 
sulphide  lued  bfing  prrrioiuly  known,  the  ouantity  of  meUU  contuincKl  in  it  la  u\no 
knuwD  and  the  excem  of  weiplit  of  the  metnlhc  phosphide  oxer  thin  priTes  the  quuutity 
of  phoephorus  in  the  gna.  To  d>^tennine  tlu*  quantity  of  hydrogen  tnut  wm»  in  comhi- 
nfttion  vith  it,  the  nulphur  or  chlorine  thiit  has  united  vith  thii  hydro^n  miiBl  be 
collected  jind  estimnt-tHl.  When  a  sulphide  is  used,  the  sulphydric  acid  produL^ed  m-\y 
hf  paased  into  a  solution  of  lend  or  copper,  the  precipitat«>a  sulphide  oxidised  by  nitric 
mcio,  and  the  sulphur  precipitate<l  as  sulphate  of  bnriam  (see  Sclpbvk).  If  the 
original  metiiUic  compound  wum  a  chloride,  the  hydrochloric  acid  which  pHs«t-s  ufTis 
paned  into  dilate  ammonia ;  the  resulting  solution  neutmliiied  with  nitric  acid,  and  the 
chlorin'*  pnfipilatpd  by  nitrate  uf  »ilv«T.  The  quantity  of  pulphur  or  chlorine  which 
baa  U^eii  ^xjiclled  as  a  hydr'^.ii-compound  Ix'ing  thus  kiioMm,  the  quantity  of  hydrogi^n 
which  hns  entered  into  combiuation  with  it,  which  is  the  sAmi*  a«  that  originnlly  com- 
bined with  the  pho5pborua,  is  easily  calculated.  This  m4>thod  givcw  Trustworthy  mnilts 
even  when  the  pho^horeited  hydrogen  gas  is  mixtnl  with  »  con  »ii  I  era  hit*  quantity  of 
free  hydroffon  ;  fur  the  sulphides  of  the  metals  above  mentioned  Hre  not  decumpttsed 
by  tree  hydrog^'n,  even  at  high  temperatures;  neither  are  their  chlorides  derompoaed 
by  that  gas  at  the  tem(H>^niture  requinnl  for  th(<  di^composition  of  the  phcHitpliorftted 
hydrogen,  eapecially  in  presence  of  an  ricess  of  the  latter.  The  sulphides,  howerer, 
g;ive  for  the  most  part  more  exact  renults  thun  the  chlorides. 

To  dot<TTniuc  the  total  amount  of  hydrogfu  as  wrll  ai- of  phosphoms  in  a  mixture 
of  phosphoretied  hydrogen  and  free  hydrogen,  the  ga^  after  being  thoroughly  dried,  is 
passed,  through  a  tulie  containing  very  finely  divided  metallic  copper  heated  to  redneu. 
The  phosphorus  then  unites  with  the  oopp«r,  and  the  hydrogen  thus  liberated,  together 
with  that  originally  pxisting  in  the  fh»e  state,  puwes  into  a  second  tube  containing  oxide 
of  copper  likewise  heated  to  redoan,  whereby  the  hydrogen  is  converted  into  vapour  of 
water,  which  piiKseii  on  and  in  coUpcted  in  a  third  tube  containing  dry  chloride  of  calcium. 
The  incrraj«p  of  weight  of  the  first  tube,  after  the  experiment  giyeathe  quantity  of  phos- 
phorua,  and  the  increase  of  weight  of  the  third  tube  gives  the  quaufily  of  wnltiT  formed, 
whencf^  the  total  quantity  of  hydmgf>n  is  detprmined.  In  this  manner  the  relative  qnan- 
titieeof  fre«  hydrogen  and  phoephorettinl  hydrogen,  PH*,  in  the  gas  may  be  found 
For  other  methods  see  H.  Rose.    \TraiUde  Chimie  Analtftitfur^  ii.  117'i.) 

Hetttlic  phosphides  are  analysed  by  diw^tlving  tJicni  in  nitric  acid,  nitro-muri* 
■tic  aeid.  or  a  raixtnre  of  bydrochlunc  acid  and  chlorate  of  poUissium.  The  phoephorui 
is  thereby  completely  atnvcrted  into  phosphoric  acid,  the  mrtal  bring  for  the  mo»t 
part  dissolved  at  the  same  time.  The  metal  mity  then  be  precipitated  from  the  solution 
ny  sulphydricncid  ormilphide  of  ammonium  (after  thn  exci'ss  of  nitric  acid  has  b«eD  driven 
oflfor  neturly  neutralist),  and  from  tbn  filtrate  the  phosphuric  acid  may  be  precipitated 
u  ammoniomngnesian  phosphate.  If  pure  nitric  acid  has  been  used  to  aissolve  ths 
compound,  the  solution  may  be  evaporated  to  dryness,  the  calcined  residue  decomp<Jsed 
by  fusion  with  nn  alkalinpcarbonatn,  the  f^ej  mass  digested  with  wat*»r.  and  the  phofu 
phoric  acid  precipitiited  from  the  fillervd  alkaline  piulution  at  above.  The  phoMphidv 
may  also  be  dccomposiHt  at  onci>  hy  fusion  with  four  or  five  times  its  weight  uf  a 
mixture  of  nitre  ana  alkaline  mrbonnte. 

Most  metallic  phosphides  are  insoluble  in  hydrochloric  acid,  even  when  heated 
Kerertheless  when  a  very  small  quantity  of  phosphorus  is  associated  with  a  large  ooan- 
tihr  of  iron,  as  in  many  kinds  of  pig-iron,  the  whole  dissolves  in  hydrochloric  or  dilute 
solphunc  acid,  the  phofphorns  poising  into  solution  as  phosphoric  acid.  (For  the 
methods  of  estimuling  phosphorus  lu  pig*irun,  see  lii.  373.) 

Testing  for  free  Pkoapharvs, — The  properties  and  reactions  of  phosphorus  in  the  fre« 
state  have  been  already  described.  Ordinary  phc«phonw  is  r-fipeciully  distinguiohed  by 
its  ready  inflammability,  the  bright  flame  and  dt-nse  white  fumes  of  phoiiiphoric  anhy- 
dride produced  by  its  rapid  combustion,  and  by  the  pt^culiar  odour  ana  luminosity 
in  the  dark  resulting  from  its  slow  combustion  at  orninary  trmperatures.  Oils  and 
fatty  Hubstttucps  mixed  with  finely  divided  phixspburus  likewiHr  shine  in  the  dark  with 
a  greenish- white  light  Small  qoantities  of  phosphorus  in  the  state  of  vapour  or  me- 
chanically suspended  particlea,  impart  a  peculiar  greenish  colour  to  the  flame  of  hydro- 
gen and  other  combuAtible  giises. 

When  the  qunntity  of  free  phosphom.i  mixed  with  any  substance  is  too  small  to  pro- 
«lDce  luminoftity,  it  might  be  detf>cted  by  oxidi.<<ing  it  to  phoKphorie  acid  by  means  of 
nitric  acid  or  hydrochloric  acid  and  chlorate  of  potassium,  and  testing  for  phosphoric 
acid  by  the  usual  methods.  But  when  phosphorus  has  to  be  searchf>d  for  in  cases  of 
poisoning,  this  method  is  of  no  vulne :  for  phoaphoric  acid  is  contained  in  most  of  tho 
tissues  and  finids  <if  ih*^  animal  body^  and  in  thp  m^ority  of  substAnces  which  are  used 
as  food.  To  obrain  the  reactions  of  this  acid  in  the  substance  under  examination, 
affords  therefore  no  proof  that  phoNphorus  has  been  administered  ;  the  only  aatifcfactory 
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«mdc>n<>A  of  rach  adminietrfttion  ii  to  produce  the  phospbonu  in  the  fnt  ita^ 
leiist  to  exhibit  ita  lumiooaitT. 

The  process  geDorallv  used  for  this  purpoB*^  isthat  dprised  byUitscherlichf] 
[;hi-m.  IxvL  238;  Jahrnib.  I8fi5,  p.  779).  The  suspected  !tub9t*tno»  ia  dutflled 
Bter  &nd  sulphuric  acid  io  a  flnak  6ttod  ap  with  a  deli  very -tube  b«Dt  twice  at  tiigte 
nsles  aad  dipping  into  aroceirer  rontaining  water,  which  mast  be  ki^pt  cool:  fbrpaa 
and  rapours  coDtaining  IVee  pho«pborufl  do  not  exhibit  lamtDositj  when  their  tmpar- 
atiire  ii  raised  above  a  eertmin  point  The  distillation  is  performed  in  tbe  dark.  As 
•ooD  as  tbe  Tapoors  arrive  in  the  cool  part  of  the  tuU-.  a  contioafU  pboephoreseeiiti  lint 
is  observed  therein,  generally  in  the  form  of  a  dhinini:  riDj? :  nl  the  SAine  tiseglobwa 
of  phosphAroB  are  deposited  in  the  receiver.  In  this  manner  1  pt.  of  pho«pbom ai^ 
I  be  detected  in  100,000  pts.  of  substance.  The  lumtnositj  of  pho«pbonu  ia  howvrw 
prevented  bj  the  presenoe  of  certain  roUtile  subttanrM,  among  other*  by  ether,  aloofaal, 
oiluf  turpentine  and  ammonia.  Ether  and  alcohol  being  very  roUtile.  quickly  fm 
off* lit  the  cummenct'ment  of  the  distillation,  so  that  their  disturbing  influeD<?e  is  son 
eltniinttted;  oil  of  turpentine,  on  the  oontrary.  would  pivrent  the  phoBphorceceat  '^pp«^ 
ance  daring  the  whole  of  the  distillation;  but  this  subatance  is  not  likely  to  b^pTsaint  in 
nintters  which  become  the  subject  of  medico-legal  investig&tiona.  Ammonia  if  prcarflC 
will  be  retainr^  by  the  sulphuric  acid  in  the  flask. 

Scherer  (Ann.  Ch.  Phann.  cxii.  214).  raodifiea  tbe  preceding  prooeas  b^  filling  Uw 
appantus  befun«  commencing  the  distillation,  with  carbonic  aad  paa.  which  is  sasilr 
erfected  by  thruwing  a  few  lumps  of  chalk  into  the  flask  contaiuing  the  add  hqaiii 
The  pho<>phorescenc«  in  the  tube  is  then  seen  just  as  before  (theoxjEen  being  of  ttmrn 
nut  completely  expelled),  but  the  conversion  of  thephoephonuinto  ^oepfaorova  acid  a 
in  K  grfiut  measure  prervented,  so  thai  a  larger  portion  of  it  ia  collected  in  the  fVteeitttt, 
The  wiitur  in  the  ooudensiDg  veaeeL  shinea  strongly  whtn  agitated  in  the  dazk.aad 
givp.i  a  bhickish  precipitute  with  nitrate  of  siker. 

Small  quuntitif-e  of  phosphorus  diflfused  through  org&nic  matter  maybe  eoQeelfd 
and  spproxiroatoly  estimated  by  means  of  svi/<hitr.  The  nubstuiice  under  examiBstioa 
is  mixed  in  atubuluted  retort  with  ddute  sulphuric  acid,  a  few  pieces  of  aulpfaurtrs 
added,  and  the  whole  is  distilled  for  abont  half  an  hour.  Tbe  distillskte  &eqneiilly 
rnntuinR  smnll  quantities  of  phosphorous  aud  phosphoric  acids  form^sl  by  oxidaUonot 
thp  phosphorus  vapours.  It  miiy  be  treated  with  nitric  acid  in  order  to  convert  tbe 
whole  of  the  phosphorus  into  phosphoric  acid,  and  tbe  quaniiiy  then  dcrterminad  by 
precipitation  as  ammonio-mognesian  phosphate. 

The  residue  in  tht*  retort  is  removed  after  cooling  and  the  lumps  of  aolpburarepiekfd 
out  and  washed.  They  contain  all  the  free  phosphorus  in  the  original  snbstaacc  wfaiefa 
hns  not  passed  over  into  the  distillate.  If  the  phoaphorus  is  in  excess,  ita  combinttioa 
w*th  sulphur  is  liquid  even  lifter  complete  cooling;  in  tbe  contrary  case,  the  eompovad 
when  cold  is  a  soft,  plastic,  crystullino  mass.  If  the  sulphur  cootaiiu  only  2  peroaiiL 
of  phosphorus,  it  mav  still  fume  on  exposure  to  the  air  even  after  dryini^  and  tom 
bluck  when  moistened  with  ailver-aolution :  the  latter  effect  is  produced  iitdeed  erm 
when  the  proportion  of  phospboros  in  the  sulphur  does  not  exceed  1  per  cent.  I^m 
pbosphorised  sulphur  also  shines  in  the  dark  when  healed  to  100°.  By  digeatiag  it 
with  nitric  acid,  the  phosphorus  crjntainfd  in  it  is  easily  converted  into  i^ioi^lioriA 
acid,  which  miiy  then  be  precipitated  aa  above.  (Lipowiti,  Pogg.  Ann  xc  600; 
Jahresb.  1SA3,  p.  641.) 

Dasart  (Compt.  rend,  xliii.  1126;  Jahresb.  1856,  p.  724)  employs  for  the  dsCao- 
tion  of  smiiU  qofiintities  of  phosphorus,  the  production  of  phosphoretted  hydmgra  wfaidi 
takM  pUoij  when  the  sabetjince  containing  the  phu^-^thorui  is  exposed  to  the  action  of 
nascmt  hydrogen.  The  substance  ia  introduced  into  r  generating  vessel  containing  tiac 
and  dilute  sulphurtr  acid,  and  fitted  up  like  Miin^h's  nppamtus  for  the  detection  of 
araenic  (i.  362).  If  phospborus  is  present,  the  erolv**d  gns  will  contain  phosphorettHl 
hydrogen  and  will  burn  with  an  emcruld-grecn  flame.  Thr-  ereen  colour  disappears  how- 
ever lui  soon  OS  the  end  of  the  tube  becomes  hot;  but  on  holding  a  piece  of  porcelain  in 
the  flame,  the  green  colour  again  becomes  visible  where  the  6ame  is  in  contart  with 
the  cold  surface.  If  the  end  of  the  tube  be  curved  and  mode  to  dip  under  merrury, 
with  only  the  very  extremity  projecting  above  the  surface,  so  as  to  keep  it  coostaatfy 
cool,  tbe  gas  will  gi  vn  a  continuous  emenUd-green  flame,  surronnded  by  on  outer  pale  bins 
envelope.  Blondlot  (Cumpt.  rend.  lii.  1197;  Jahrpsb.  1861.  p.  821)  recommends 
the  use  of  a  fine  platinum  ji?t,  in  order  to  avoid  the  yoJIow  colouring  of  the  flame  pro- 
duced by  the  sodium  in  gWs.  As  commercial  Kinc  often  ontains  phoaphonu,  and  it  is 
therefore  necessary  to  use  pure  distilled  dnc  which  yields  but.  a  slow  stream  of  gas,  be 
eolli^cts  the  gas,  before  igniting  it,  in  an  apparatus  somewhat  like  a  Dobereinepa  pU- 
tinum-Iamp.  The  green  colauriog  of  the  flame  is  more  or  less  interfered  with  by  the 
preften^ie  of  onzanic  matters,  namely,  alcoh'jl.  ether,  volatile  oils  and  soluble  animal 
wb^tancei.       In  such  cases  the  gai  may  be  ^a^ed   through  a  dilute  solution  el 
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'SilTflr-nttrate,  and  the  rwulting  pr^ipitate  treated  in  onotber  hydrogen  appamtut  aa 
Abovp.  "By  this  means  alao  the  presence  uf  plioophuruA  qiaj  be  detected  alter  gradual 
oxidation,  and  when  it  no  longer  exhibits  luminosity  iu  Mitscherlicb's  apparatiu, 

FreseniuB  and  Nei]bau*r  (Anvlyt  Zeitechr.  p.  S36)  objf^t  to  the  preceding 
CSS,  that  tb«  Urge  quantity  of  zinc-salt  produced  in  the  liquid  interferre  with  the 

.b«6qu«nt  examination   for  metallic  doihohs  ;  they  therefore  prefer  driving  out  the 

osphorufl  by  a  strenm  of  carboni:  annyilride.  For  this  purpose  the  flank  containing 
iho  TOSpectrd  substance  and  the  diluti^  sulphuric  acid  id  connected  irith  an  apparutua 
for  geueratini*  carbonic  tiribydridc,  anJ  is  also  provided  with  a  delivery-tube  cunnfi-tcd 
vith  a  U-tube  contaiaiag  a  neutral  solution  of  nitrate  of  silver.  The  vholo  iq:iparatne>  is 
Ant  fliled  with  carbonic  anhydride,  the  flank  then  heated  to  60*^  or  70^  for  aevfini]  boura. 
the  stream  of  gas  being  kept  up  all  the  time  ;  and  the  precipitate  formed  in  the  ailver- 
soludoD  is  collected,  carefully  washed,  and  treated  in  a  hydrogen  apparatua  asabova. 

Scherer(Ann.  Cli.  Pharm.  exit  224)  employs  for  the  detection  of  phosphoma  a 
process  depending  upon  ita  vululitity  and  its  rewlion  with  Hilver-i»olution  A  piece  of 
thin  filterine  paptr  muistcued  w  ilb  uilrtitf  of  silver,  mid  tiuBpended  over  a  elightly  wannrd 
liquid  containing  free  phoaphonis,  snon  beeonies  bluckened*  the  silver  being  rwlncfd  by 
the  phosphorus.  As  however.the  blackening  might  proceed  from  sulphydric  acid  evolved 
ht>m  the  liquid,  it  ia  necessary  in  the  first  instance  to  suspend,  in  the  flaf>k  containing 
the  aciduluted  liquid  under  examination,  a  strip  of  puper  moistened  vith  solution  of 
nitropni&wate  of  sodium  or  acetate  of  lead ;  if  no  blneing  of  the  paper  takes  place  in 
the  one  case  or  bladcningin  tbeotbcr  itmay  be  inferred  that  the  liquid  does  not  give  eft 
aulphyilric  Hcid,and  the  Mackenitig  uf  tlie  pnper  moistened  with  hilver-Holutiun  may  then 
be  attributed  to  the  presence  of  pno6phoru&  If  a  considerable  quani  ity  of  silrer-phos- 
phide  is  formed,  it  may  be  oxidised  by  chlorine- water,  and  the  reaulfing  solution  tested 
for  phnsphorie  acid  with  a  magnesium-sail  or  with  moljbdate  of  ammonium.  It  ia 
noct«8ary,  however,  to  make  a  comparative  exprriment  with  an  equal  portion  oflbe  clean 
paper,  as  phosphoric  acid  maybe  already  prf>Kent  in  it.  Fresenius  and  Nenbaner 
{Ivc,  at.)  observe  also  that  the  blackening  of  the  pupermay  arise  from  certain  acidic  gene- 
rated in  the  process  of  puirt^fnction,  and  would  therefore  in  some  cases  give  uncertain 
indications. 

For  the  more  certain  detection  of  phosphorus  in  all  cnaes  in  which  it  is  not  already 
wholly  converted  into  phosphoric  acid,  Fresenius  and  Neubauer  recommend 
the  following  aeries  of  operations: — 1.  It  muht  l>e  ascertained  whether  the  substance 
shines  in  tlie  dark  when  agitated.  A  small  portion  is  then  to  be  tested  by  Scherer's 
method  with  strips  of  papfr  moibtcned,  the  one  with  silror-  the  othrrwith  lead-solution  ; 
if  only  the  former  is  bliickencd,  phosphorus  is  most  probably  present. — 2.  A  portion  of 
the  suspected  subfllance  is  treated  by  Mitschi-rlich's  prooesb  tP.  d2U).  If  no  phospho- 
rescence is  observed  in  the  tuT-o,  and  no  free  phosphorus  collects  in  the  distillate,  the 
latter  is  to  be  t«sted  in  the  hydrogen  apparatus  (p.  520). — 3.  If  theffc  expenmenta 
give  only  negative  retiulto,  the  substance  ia  to  be  heated  in  u  stream  of  carbonic  anhydride, 
thp  gas  pasfted  through  silver-solution  above  described,  and  the  resulting  precipitate,  if  any, 
treated  in  the  hydrogen  Hppanitas.— 4.  The  quaniitt/ of  phoFphorus  preeent  may  be  de- 
termined in  another  portion  of  the  substance  by  Mit«cherlich's  process  as  modified  by 
Scherer  (p.  620).  The  flask  which  serves  as  a  receiver  is  to  be  connected  nir-tight,  on 
the  one  side  with  the  condensing-tube  which  dips  into  the  water  in  the  receiver,  on  the 
other  side  with  a  U-tube  containing  neutral  silver-solution  ;  the  distillation  is  kept  up 
for  2*  hours.  If  any  globulfia  of  phosphorus  collect  in  the  receiver,  they  may  be  col- 
lected and  weighed.  The  liquid  distillate  is  then  to  he  mixed  with  the  contents  of  the 
U-tube,  oxidised  with  chlorinc-watcr,  and  the  resulting  phosphoric  acid  determined  in 
the  usual  way. — S.  Phosphorised  subAianoes  which  have  been  exposed  to  the  air  for 
some  time  may  still  contuin  part  of  the  phosphorus  in  the  form  of  phosphorous  acid. 
In  this  case  the  residups,  which  in  the  preft-dini;  exji^riments  have  givnn  only  negative 
r«^uItH,  are  to  be  treated  as  ftl»oTe  described  in  the  hydrogen  apparaiu?i,  the  exolulion 
of  hydrogen  being  kept  up  for  several  hours,  while  the  apparatus  is  warmed  in  the 
watrr-bftth,  the  evolved  gas  pasHed  through  a  U-tube  containing  silver-solution,  and 
the  precipitate  examined  for  phospboros  as  above. 

Atomic  }ftiffht  of  PhosphoruK — The  atomic  weight  of  this  element  wu 
correctly  determined  by  Berselins  in  1816  (Schw.  J.  rii.  43V  By  decomposing  tri- 
chloride of  gold  with  phosphorus,  ho  found  in  one  experiment  that  0  829  grm, 
phosphorus  threw  down  8714  grm.  gold,  and  in  another  0  754  grm.  phoaphonui 
threw  down  7*93  gnn.  gold  :  hence  from  the  equation  fiAuCl"  +  P"  «  3PC1*  +  An*, 
taking  the  atomic  weight  of  gold  at  196,  the  mean  of  the  two  experiments  gives : 
P  -  ^W3  x  196  X  5  ^  j^ 
"  16-644    »    3 

A  similar  experiment  with  nitrate  of  silver  gave  P  —  31*34. 


^'Tjai'"' 


522  PHOSPHORUS:  FLUORIDE— IODIDES. 

Polouie,  in  1847  (Compt.  r^-nd.  xx.  1047).  by  dfoompornDg  An  mad  mhAcA  if 
•tUer-nitTmU  with  triclilorido  of  pbosphonuv  obtained  a  higher  Dombe*.  to.  33;  W 
the  ftmilt  flnrt  obtained  by  Borxeliiw  hu  be«n  ftilly  confirm^  by  tha  more  reonit  iftj 
TCT7  CHrefol  pxpenmenls  of  Schrdtter  in  1663  CAnn.  Cb.  Pbarm.  Ixxx  i0t\  ad  d 
i)  u  m  as  in  1860  {ibid,  cxiii.  28). 

8c hro Ue r  barat  weighed  qo&Dtitiet  of  amorpboua pbospboroa  in  m  atnmm  at  4rj 
ooygea,  tb«  appanUaa  b«iDfl  so  arranged  that  no  phoniioric  anhydride  ooold  bf  loC 
]nt«n  experimend  thtu  made,  100  pla.  photphonia  yi^dsd  from  229 '30  to  SSflrTltpiL 
phwphonc  anhy(Uide,  PH)*— mean  228*92 ;  whence  the  proporCioD  P*  :  I"  +  80  • 
100:  2.28-92  Rivee  F  «  3103.— Damaa,  by  deoompoung  rny  pare  tridbkvide  rf 
phoaphunu  with  a  standiml  eolation  of  silver- nitrate  (2PCI'  ■*■  3Ag^  «  f*0*  4 
HAgCl),  obtained  in  fire  experimentB  the  foUowing  reaolta : — 

1-7B7  gnn.  PO'  required  4208  ailTW  :  therefore  F  ->  31-01 

1*466                    „  3-464             «  Sl-00 

2066                    „  4-844             „  Sl-OO 

2-9a«                    „  6890             „  SI -04 

8-220                   „  7-582            „  21 -09 

Prom  all  these  rMulte,  the  number  31  is  now  unirersalty  adopted  aa  the  aionii 
Wtflght  of  phosphorus. 

wnou9HonuBt  rxiVomniB  or.    pp.    A  rvrj  roUtSU  comprmA.  fim 

obtained  by  D^vy,  and  further  examined  by  Bomaa.  It  is  prepared  bj  dwtilhag 
fluoride  of  lead  or  mercury  with  plioephorua,  a  phosphide  of  the  met*!  then  remainptt 
while  fluoride  of  pbo«phonis  distils  over.  It  is  a  colourlesa  inflammable  Qqiiid,  wm 
Ibmes  stronflly  in  the  air.  and  is  said  to  yield  by  combu<ibon,  phoephone  anhydride  sad 
fluorine.     Wnter  conrerts  it  into  pho^phuruns  aod  hydrufluunc  acids. 

VROSVROSirS,  XnmATB  or  t  Th«  white  cmst  which  fomu  on  the  ie> 
fncH  of  pliosplioms  imnier?cd  in  water,  la  said  by  Pelonze  to  be  a  hydrate,  P".tt*0;  l«t 

it  apiHuTh  nithfr  to  be  an  ultotMpic  modi6cation  of  phosphorus  (p.  603). 

rHOBraOKVS,  KTOBZOU  or.  (Si<e  Hyuuookn,  PH09Pi(niXflOr,iii.l99l) 
raOSrHOXVS,  XODXOBS  or.  Two  of  these  compounds  are  known — nsnwJr. 
the  tri-iifdide,  analogous  to  the  trichloridr  and  tribromid^ ;  and  the  di-iodidr,  of  wbirh 
there  is  no  chloriae  or  bromine  rep  resents  tire.  The  di-and  tri-iodide  itrn  prvpsmStr 
dismlring  phosphorus  and  iodine  together  in  sulphide  of  carbon,  and  cooling  tb*  Dqni^ 
artificially  till  crystals  are  deposited.  Whatever  proportions  of  iodioe  and  phosoborw 
may  be  used,  these  two  compounds  always  crystallise  out,  mixed  with  exceM  suW  rf 
iodine  or  of  phosphorus. 

The  di-iodidf^  PP,  mrUs  at  110^,  funning  a  red  liquid,  which  cuodensrs  to  a  light 
red  solid.     It  is  soluble  la  sulphide  of  CArbon,  and  is  deposited  thervfr-"  '" 
prismatic  oninge-oolourrti  crystaU.     It  is  decomposed  by  w«ter  tnt« 
phosphorous  acids,  with  a  deposit  of  yellow  flnkfS.     With  j^/ycmn  it  ^ 
gas,  a  distillate  of  water,  and  iodo-tritylcne  (iodide  of  allyl),  aud  a  raaidue  of  oxygea-  J 
acids  of  phosphorus  together  with  free  iodine,  nndeoompoaed  glyoerin.  and  a  tXMS  ofl 
red  phoephoms.     The  principal  part  of  the  reaction  appears  to  take  place  thus : 

C»H»0»     +     PI«      -     C»H»I     +     PH"0»     +     L 

Qtjrcarla.  lodiiia  of  Pbo*f  Ito- 

aliyl.  rou>  acid. 

This  iodide  appears  aUo  to  be  formed  on  diaaolring  a  small  quantity  of  iodine  a 
melitxl  phcwphorus  and  heating  the  mixture  to  about  126-^,  and  to  be  snbeequenlly  de* 
comj^xjsed,  yielding  amurphoutf  phosphorus  (p.  504).  When  phoaphoros  ia  mellcd  in 
■  flask  filled  with  carbonic  anhydride,  iodine  projected  through  an  npri^ht  tube  reaching 
nearly  to  the  phosphorus,  and  a  gentle  heat  applied,  violent  action  takes  plao 
attended  with  developmeut  of  intense  beat.  The  product  is  a  Tcry  hard  aemi-metalli« 
black  maas  of  amorphous  phosphorus,  yielding  a  red  powder.  The  fizvt  stage  of  the 
reaction  is  the  formution  of  an  iodide  of  phoHphorus,  probably  the  di-iodide,  in  wluch 
the  phoHpIioruH  exists  in  the  amorphous  modiHcution.  This  compound  is  then  deflon- 
poeed,  with  bi^panuiun  of  amorphous  phosphorus  aud  formaLion  of  n  more  TotstfiW 
iodine- product,  which  reacts  upon  a  second  portion  of  phosphorus,  rfpnxiuL'iii^;  th« 
first  decomposihle  iodide,  and  so  on  ooatinnally.  In  this  manner  a  amnll  (Quantity  uf 
iFfdine  can  ec^nvert  an  almost  indefiniu^ly  large  quantity  of  phosphorus  into  the 
phous  modiflcatjoa.     (Brodie,  Chem.  80c  J.  t.  289.) 

Tri-iadide  0/  Phosphorus  or  Phosphorous  /<i</fV(r,  PI*,  melte  at  66°.  aad 
crystallises  in  well-deflned  prisma  on  cooling.  It  is  very  soluble  in  sulphide  of  earboOi 
and  is  deposited  therefrom  in  dark-red  hexagonal  plates.  It  abaorba  moisture  htm 
the  atmosphere,  forming  bydriodic  'au<\  ^\xoi.^>:iovo>u  weu^ 
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Ptnta-icditir,  PI*?  Gay-Lossac,  bj  heftling  1  pt.  of  pKomhonw  wirh  20  to  24  j>U.  of 

iodine,  obtained  a  black  aubstsncff  which  meiUod  at  40^,  and  was  uid  to  be  decomposed 

hj  water  into  hj'drochloric  and  pboephoric  acids.    This  decomposition,  and  the  pro- 

I  portions  of  iodine  and  phosphorus  v^ed  in  the  preparation,  would  indicate  that  tho 

I  eonipoand  is  a  pentifioaide,  but  it  re^^uiri'S  re-examinatioo.     {BrrzHiwf  Jxhrbuch,) 

yHOBVXOKtrS,  irZT&XIia    of.     The  poraponnd  obtained  bj  sattimting  tri- 

chluridf*  of  pln«'ph<.ni8  with  ammoDia-gas  and  beating  the  product  in  a  cnrrent  of 

carbonic  anhydride  (H.  Hose^  or  by  passing  ihe  rapour  of  trichloride  or  pentachlorida 

of    phosphorun  over  heated  sal-ammoniac  (Wohler  and  Liebig),   whh  originally 

•uppoaeo    to   be   s   di-nitride  of  pboephoma,  PN';  but,  according  to  Gerhanll,  the 

product  obtained  by  either  of  these  processes  coDtains  hydrogen,  and  consistK  of  phos* 

pham,  PHN'(r-497). 

rsoBFBORirs,  oxxDZB  A3n>  oXTasw^A.oxi»s  or.  Three  anhy- 
drous oxides  of  phoAph^nu  are  known,  namely — 

Suboxide  of  Phosphorus P*0 

Trioxide  of  Phosphorus,  Phosphorotis  Oxide,  or  Anhydride         .    P*0*  •   p-t^ 
PenloxideofPhosphonis,  Phosphoric  Oxide,  or  Anhydride       ,    PKH  ■•   p»l^- 

The  second  and  third  of  them  oxides,  which  are  analogoos  io  composition  to  the 
chlorides  and  bromidea,  anito  with  water,  forming  phoxphoroua  acid,  P'O'.^HH) 
orPH"0'.and  phosphoric  acid,  P'0».3H'0  or  PH'OV  There  is  also  another  acid 
of  pbospboroA,  viz.  bypnphoBphorous  acid,  PH'O*.  to  wliich  t bore  is  no  corre* 
apoading  anhydride.  The  prutoxtde  of  phosphine,  PH'O,  is  not  known  ;  hat  it  is 
represented  by  t!ie  compounds  PCPO  and  PiC'H»)'0, 

The  three  acidjs  just  mentioned  all  contain  3  atoms  of  hydrogen,  baring  in  fact 
the  compo«ition  of  oxides  of  phosphine,  PH" ;  nprerthelesa  they  hairo  not  tho 
•ame  basicity,  phoflphorie  srid  alone  1)eing  properly  tribosic,  that  is,  capable  of 
exchan^ng  aJ!  its  three  hydrugeo-atoms  for  an  equivalent  quantity  of  metal,  whereaa 
phoApboruus  acid  is  dibiisic,  and  hypophosphoioos  acid  monobasic;  thus: 

HypophoephoroDs  add PH'O'   «  H.PITO' 

Phopphoroua  add PH"0»  -   HrPHO* 

Phoephoric  acid PH"0*  -  H'.PO*. 

There  are  ulso  eertatn  acids  reatlting  from  the  dehydration  of  phosphoric  acid— ria., 
pyrophosphoric  actd,  H*P*0'  »  2n'P0'  —  HK),  mrtsphospboric  scid, 
JiPO'  «=  H'PO^  —  2H*0,  and  several  potyineric  modifications  of  the  hitter,  which  will 
\m  notipipd  hprpafter. 

The  relations  of  hypophocphorons,  phosphoroan,  and  phosphoric  acids  to  one  anoth'^ 
and  to  phosphorotted  hydrogen  or  phuephino  are  remarkable.  Hypophosrhorous  acid, 
H'PO'.  has  not  been  obtained  directly  from  phoimhine  :  but,  on  the  other  hand,  it 
yields  phosphine  by  dpoxidution,  as  for  example  wm^n  zinc  is  dissolved  in  the  aqueous 
acid,  either  alone  or  mixetl  with  sulphuric  acid.  The  t>oIution  of  hypophc«pboroas  acid 
when  exposed  to  the  air  is  gradually  converted  into  phor^pborous  acio,  and  finally  into 
phosphoric  acid.  When  heated  by  itself,  hvpophusphnrous  acid  is  resolved  into 
phosphoric  acid  and  phoMphinr :   2H'P0«  -  H'PO*  +  HT. 

Phosphorous  acid  resnlts  from  the  slow  oxidation  of  phosphine.  Conversely,  when 
phosphorous  acid  is  acted  upon  by  sine,  or  zinc  and  sulphurir  acid,  it  is  deoxidised  to 
phosphine.  Phosphorous  acid,  when  cxpoflfd  to  the  air,  tuk'-s  np  oxygen,  and  is  con- 
Terte<,l  into  phosphoric  ncid.  'VMien  heated  byitaeli^  it  breuk><  np  into  phosphoric  add 
and  phosphine;  JHTO*  =  3H'P0»  +  H'P. 

Phosphoric  acid,  ^''P0^  r«iult«  from  the  combustion  of  phocphine  in  air  or  <^*gen ; 
also  from  the  decomposition  by  heat   and  direct  oxidation  of  hypophonphorous  and 

fihosphorous  acids.      It  is  much  more  stable  than  either  of  the  other  two  acids  but, 
ike  thorn,  may  be  made  to  yield  phosphine  hy  deoxidation,  namely  when  treated  with 
potAK<iiuni  or  sodium. 

■aboxlde  of  FUoapHomk  P*0.  When  phosphorus  is  burnt  in  air  or  oxysen, 
a  solid  orsDee-colouroil  matter  is  left  behind,  which  slowly  deliquesces,  forming  phoe- 
phorouB  acid.  A  similar  substance  is  formed  m  larger  quantity  by  passing  a  current 
of  oxjgeu-gas  through  phosphonis  melted  under  hot  water.  This  body,  when  dried  by 
pressure  between  filter-paper  and  freed  from  phosphonis  by  treatonent  with  sulphide  of 
cjirbon,  leaves  a  dark-rpd  residue  which  has  been  described  as  a  definite  oxide  of 
phtMtphonifl.  bnt  is  now  generally  rpgarded  as  amorpbous  pho«phoru8  contaminaled 
with  a  little  phosphoric  acid.  Le  verrier  (Ann.  Ch.  Pharm.  xxvii.  167)  noticed  that 
when  small  piecea  of  phosphorus  covered  hy  s  layer  of  trichloride  of  phosphorus  were 
exposed  Io  the  air,  a  pctiuuar  yellow  ciubstance,  soluble  in  water,  was  produced.      At 
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Ml  inereaaed  temperature  the  nulution  decomposed  into  phoeiphoric  add,  sad  «  flvrv 

Iftit  •iiliBtance,  which,  when  dried  in  ■  vactram  orer  oil  of  vitriol,  left  a  canarT-ivU/w 
powder,  the  comprtfition  of  which  wu  repreefnted  by  the  formula  P*0.  It  orcU  ^ 
prvHcrved  for  auy  length  of  tirne  in  dry  air.  When  hc«1ed  it  aoquired  a  kri^it-rHl 
rolour.  but  was  anaffectrd  in  ooniposition  by  a  temperatuiv  of  300*'; 
vtruugly  heated  it  took  fire.     (Sec  GmeiifCt  Handbook,  ii.  110.) 


Xypophoapboroma  Acta  and  Salts* 

Htpovhospkobous  AciA,  H'PO^  ia  obtained  br  de«bmpoeiag  the  bAfia»«t^ 
with  an  eqniTalrnt  quantity  of  Bulphuric  acid,  or  tha  uad-ialL  with  auiphjrdhe  aii 
and  uraporating  the  61trate  : 

B*1»H«0«     +     H'SO*       »       2H«P0»     +     B..*SO« 
PbT-H'O'     +     H«8  «       2HT0«     +      Ba"S 

It  is  a  visdd  nneryirtaUiAible  liquid,  haring  a  strong  acid  reaction.     When  bwie^  ii  j 
is  KMolred  into  phosphoric  aoid  and  pho-phine :   2H*PO«    —    H«PO«    +  H*P.    ItiJ 
I  itqueooa  eolation    is  a  colourleet*  mobile  liquid,  whiob  when   exposed   to  Um  air.  hi 
oxidised  to  pbocphorons  and  phosphoric  acids.     It  reduces  the  salts  of  j»/rt-  and  7>'<  J 
with  precipitation  of  the  reflpocttre  metals.    It  ulsu  redocea  solution  of  mercwiecK 
wilh  precipitation  of  calomel  or  of  mpfallie  mtrcory,  acoording  to  the  proportion  of  ariil 
QjmhI  Hud  the  temperatore  at  wliich  tlm  reactiun  Lakra  place.      Uy  stnc  and  snlpfaone 
aoid  it  is  deoxidised  to  phosphine,  PIP,  which  is  given  off  as  mB,     Heated  withsdla- 
tinn  of  cuprie  ndjikaU  to  6o^ — 60°.  it  forms  a  pr#vipitale  of  cuprotia  hTdnde,  CfcH 
(Wurts:  Boe  Coptbb,  ii.  66).       This  reaction  aistinguishes  hjpapho«piuvoas  fro* 
pliufiphomufliicid,  which  it  otherwise  raurh  rewmblea. 

B^popboapbltoa. — MPHH)'.  or  M''P'I[*0',  ncoording  to  the  atomicity  of  (h«  ' 
metttl.  Thrse  haUa  are  prepared:  1.  By  neutralising  the  acid  with  baaea. — 3..  By  j 
boiling  phosphorus  in  alkaline  solntioiiH ;  thus  aith  lime  or  baryta-water : 

aCa'H'O*  +    P»  +    6H*0     «     3Ca"H'PH>«   +    2PH». 

The  hypopbosphtte  of  calcium  or  barium  may  be  aystallised  out  by  cantionA  erxpeck-1 
Hon.      whun  phosphorus  ia  boiled  with  au  aqueous  solution  of  potjisaic  hydrate  al 
similar  reaction  takes  place,  but  much  phoNphate  of  potassium  is  lilcewise  fonncd:  sorfi 
is  not  the  case,  however,  when  an  alcoholic  solution  of  potash  is  employed.     Hypu- 
phosphites  are  also  formed,  togrther  with  pboctphine,  by  the  nctiou  of  wt»tfir  on  tU« 
impure  phosphides  of  barium,  calcium,  und  strontium,  obtained  by  bciiuog  phoaphora 
with  the  anhydrous  earths  (i.  507,  719).     The  rejiction  app^'ars  to  be  criuco  Xht  sanii 
as  when  a  tnixtarc  of  Hmo,  &o.  aiid  phosphorus  is  acted  upon  by  w^tcsi.- — 3.  By  dooMt  j 
decomposition :  the  magnesium- salt,  for  example,  is  preparod  by  boiling  hypophoapbiis 
of  calcium  with  oxalate  of  magnesium. 

Tb«  bypophosphites  arc  crystallisable  salts  soluble  in  water,  and  many  of  tlu^ 
also  in  alcohol.  Some  contain  water  of  crj'stnlliaatiou.  When  dry  they  are  permanwt 
in  the  air :  but  their  solutions  are  graduaUy  oxidised  uo  exposure,  especially  at  lh« 
boiling  heat  When  boilv^d  in  alkaline  liquids,  they  are  docompoaed  into  phoaphals 
and  hydrogen :  0.  g. — 

KPHKy  +   2KH0     -     K«PO"   +   H*, 

The  dry  salta  decompose  when  heated,  giving  off*  pbosphoretted  hydrogen  (hcoea  they 
are  Teiy  inflammable),  and  leaving  a  residue  of  pympbusphate:  e.  g. — 


2Ba'T'H*0* 


2PH«   +   H«0   +   Ba'P'O'. 


The  hjrpophosphites,  like  the  aqueous  acid,  act  as  powerful  reducing  af^eots,  op^ 
ciallr  with  aid  of  heat  With  nitrate  of  silver  they  form  a  white  precipitate  wfaiek 
quickly  turns  brown  and  is  converted  into  metallic  silver. 

Qiumtitalive  AnalyMta  0/  Iit/popkospAiit€. — The  quantity  of  phosphoros  io  a  hypfr* 
phosphite  may  be  determined  by  converting  it  into  a  plioNphate  by  oxidation  with 
nitric  acid :  the  oxidation  is  not,  howsvpr,  I'ompletf*  till  thf«  solution  has  been  evapurutnl 
down  nearly  to  a  syrup,  and  bos  ftttaintHl  a  high  tcmptniturp.  The  culcHned  rtwuian 
coDsists  of  a  metaphosphate.  MPO»  or  M^P^O",  from  the  weight  of  which,  if  only  ot« 
base  is  present^  the  amonnt  of  phosphorus  (or  the  eqiiivnlent  qaantitv  of  hyp(^ibc«- 
phorous  acid,  H'PO^  if  required)  may  at  once  be  caliruUted.  If  more  than  one  base  • 
present,  the  residual  salt  most  be  analysed,  by  the  methods  hereafter  to  be  describad  it 
phosphates,  and  the  qusntity  of  phoNpliorus  therein  determined. 

Tf  a  hypophosphite  contains  water  ot' crystallisation,  its  amount  must  be  determined 
by  comparing  the  original  weight  of  the  hypophosphite  with  that  which  cormpimdi 
with  the  weight  of  metaphosphate  actually  obtained;  or  the  met:ipho*pbate  may  be 


I 

I 


HYPOPHOSPHITES.  525 

ansIjBed,  he  quantities  of  acid  and  base  in  the  hypophosphite  thence  determined,  and 
the  water  eetimated  bj  difference. 

Ab  all  hypophoephifpfl  are  soluble  in  water,  the  bases  may  be  precipitated  from  their 
■olntiona  by  the  ordinary  reagents,  sulphydric  acid,  sulphide  of  ammonium,  alkalis  &c. ; 
the  hypophosphozoua  acid  may  thnn  be  converted  into  phosphoric  acid  by  oxidation 
with  nitnc  aod,  or  better,  with  hydrochloric  acid  and  chlorate  of  potaasiom;  and  the 
phosphoric  acid  precipitated  as  amraonio-magnesian  phraphate. 

The  quantity  of  phosphorus  in  an  aqueous  solution  of  hypophosphoroos  acid  con- 
taining no  fixed  base,  and  no  other  acid  except  nitric  acid,  is  easily  determined  by 
adding  to  the  solution  a  known  weight  of  recently  calcined  oxide  of  lead,  then  adding 
nitric  add,  eraporattng  to  dryness,  and  calcining.  The  residue  consists  of  a  mix- 
ture of  oxide  and  phosphate  of  lead,  and  on  deducting  the  original  weight  of  lead-oxide 
added,  the  difference  gives  the  weight  of  phosphoric  anhydride  in  the  residue — whence 
the  phosphorus  may  be  calculated. 

liiatly,  hypophuspborous  acid  may  be  estimated  by  itp  reducing  action  on  mercuric 
chloride,  1  at  of  the  acid  precipiuting  4  at.  mercurous  chloride,  according  to  the 
bqnatiott: 

H«PO«  +  4Hg"Cl«  +  2H»0     -     4Hga  +   H»PO«  +   iBCl 

The  aqueous  solution  of  the  acid  or  of  a  hrpophosphite  is  mixed  with  mercurie 
ehloride  in  excms,  and  a  small  quanti^  of  hyobrochloric  acid,  and  gently  heated,  care 
being  taken  not  to  let  the  temperature  rise  above  60^,  as  in  that  case  a  portion  of  the 
mercury  may  be  reduced  to  the  metallic  state.  The  precipitated  calomel  is  washed  on 
A  filter,  dried  at  100^,  and  weighed.  As  the  atomic  weight  of  ealomol  is  very  considpr* 
able,  and  as  4  at  of  it  correspond  to  only  1  at.  of  hypophosphorous  acid  or  of  pbos* 
fhurun  (4  X  236  A  or  942  pts.  HgCl,  to  66  pts.  H'PO^  or  31  pts.  P.),  the  determination 
may  be  made  with  great  exactness. 

In  the  solution  filterpd  from  the  precipitate  of  calomel,  the  bases  may  be  determined 
by  the  ordinary  methods,  and  the  phosphoric  acid  produced  by  the  oxidation  may 
also  be  precipitated  and  estimated,  as  a  verification  uf  the  preceding  result 

The  precipitation  of  gold  from  the  trichloride  by  hypophosphorons  acid  cannot  be 
employed  for  the  estimation  of  the  acJd,  as  the  reduction  is  never  complete. 

Ht^popAoapkite  of  Aluminium. — A  solution  of  alumina  in  the  cold  aqueous 
acid,  evaporated  under  the  air-pump,  leaves  a  thick  gum,  which  gradually  dries  up  to  a 
ahining,  gummy,  brittle  mass,  not  altered  by  exposure  to  the  air. 

Hypopkoa-pkite  of  ><nifnontum,  (NH')PH'0*,  obtained  by  precipitating  the 
barium-salt  with  sulphate  of  ammonium,  evaporating  the  filtrate  to  dryness,  and 
exhausting  with  alcohol,  crystallises  in  large  six-sided  deliquescent  plates,  melting  at 
200°  and  decomposing  at  240^. 

Hffpopkoapkite  of  Barium,  BaT*H'0*.H'0.— Prepared:  1.  By  warming  (not 
boiling)  phosphorus  with  excess  of  baryta-water  (p.  524),  precipitating  the  excess  of 
faazTta  with  carbonic  acid,  and  evaporating  the  filtrate  to  the  ctystaUising-point. — 
2.  Instead  of  baryta-water,  the  ordinary  yellow  solution  of  barium-sulphide  may  be 
used.  This  when  heated  with  phosphorus,  gives  off  phosphoretted,  sulphuretted,  and 
mre  hydrogen  gases,  and  forms  a  solution  of  hypophusphite  and  snlpbydrate  of  barium. 
l^e  latter  may  be  decomposed  b^  carbonate  of  lead,  and  the  filtered  solution,  con- 
taining only  hypophosphite  of  banum,  crrstallised  by  eraporation  as  before. — 3.  The 
nit  may  also  be  prepared  by  dissolving  phosphide  of  barium  (i.  £07)  in  water. 

Hypophosphite  of  barium  ciystallites  on  cooling  from  a  hot  saturated  solution,  or 
when  its  aqueous  solution  is  mixed  with  alcohol  till  it  begins  to  show  turbidity,  usually 
in  nacreona  flexible  needles  containing  1  at^  water  of  crystallisation,  which  they  give 
off  at  100°.  They  are  permanent  in  the  air,  soluble  in  3  pts.  boiling  and  3'5  pts.  cold 
water,  insoluble  in  alcohoL 

The  anhydrous  salt,  BaT^H*0*,  remains  behind  when  thehydrated  salt  is  heated  to 
100°,  and  setwrates  directly  from  a  solution  e^nporated  in  vacuo  over  oil  of  vitriol ;  also 
when  the  solution  mixed  with  excess  of  hypopho^^phorous  acid  is  evaporated  by  heat. 
It  erystallises  in  shining  square  plates  unalterable  at  100°,  but  decomposed  at  a  strong 
heat  The  aqueous  solution  of  the  salt  heated  with  caustic  potash  quickly  gives  off 
hydrogen  and  deposits  phosphite  of  barium. 

Hypophotphitt  of  Cadmium  separates  from  the  solution  of  cadmie  carbonate 
m  the  cold  aqueous  add,  by  evaporation  under  the  air-pump,  in  small  indistinct 
crystals. 

Bypophosphite  of  Calcium.  Ca'P^HW — Prepared  by  boiling  phosphorua 
with  excess  of  Ume-w&ter,  removing  the  water  as  it  evapomtes,  and  purified  like  the 
barium-salt;  also  by  dissolving  phosphide  of  calcium  in  water  (p.  524).  It  forms 
cokmrless  transparent  crystals,  which,  according  to  H.  Soee,  are  rectang'dar  prisma 
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vithtwo broad,  ttmooth,  nucreoiu  fiic«*fl,  while thPotbrrfacM  are  gUny  ftlkd Um MMolk. 
Aci^riling  to  Wurtx,  the  salt  cryitnlliflca  ia  oliliijoe  aix-sidod  nrUms.     ll  baa  «  blliv 
iiiRto,  is  permHtient  in  the  air,  aisoolTea  in  6  pta.  of  cold  and  ia  a   oot  mach  fSktlW 
quantity  of  liol  wuter,  is  iniioliiblf^  in  strong  and  but  filightJ;  aoluble  in  wttik 
The  cryittals  do  nut  give  off  anytliiiig  at  300°,  but  docompoaa  At  «  highi 
turr. 

Hj/popho$phite  of  CAromtw  w,  2CrH'P>OV7HK».  or  {Cr»O»rH'.P*H"0'.8iro, 
ia  obtained  by  decompoaing  the  barium-aalt  with  chromic  sulphate  and  erspocitiM 
the  filtrate,  aa  a  dnrk-green,  amorphoua,  fiasared  maaa,  which  gives  off  water  at  Ml^i 
and  \a  then  in&uluble  in  water  and  in  dilute  adda. 

H^fophotpkiteof  Cobalt,  Col^H'OVeH^,  ia  pmMr«d  by  diaawlrix^  necBdr 
precipitated  cuDAltoaa  hydrate  in  tho  aqueooa  acid,  or  by  aecompoatng  the  baiian-aio 
with  cob&ltoufl  aul]^hat«,  and  cryatalliae*  by  eTuponition  in  red  pffluroacent  octaludnm, 
which  give  off  their  6  at  water  of  ctystiiUifiation  at  100*^,  and  are  «a«ily  aolnila  ■& 
water- 
When  a  aolutioD  ofvhrpopboaphite  of  calcium  ta  heated  with  oxalate  of  cobalt,  m 
complete  decomposition  takes  place  even  after  a  oonsidt^rable  timr,  and  the  oobalt-hTpo* 
pho8phit«  obtained  on  «'vajv>ratiDg  tho  filtiuto  ia  Baid  to  contain  only  3  at.  water,  aad 
to  be  laaa  efflorescent  than  the  preceding  salt 

Hypophotpkite  of  Copper^  Cu"P*fl*0*. — Prepared  Ulce  the  cobalt-salt.  TV 
blue  solution  when  very  dilute  undergoos  scarcelr  any  deconipM>itioa,  erea  wImi 
heated  ;  when  aomewhat  atronger,  it  decompoa«B  quickly  eren  at  60^,  depositing  captoM 
hydrido.  CuH  (Wurtc).  When  eraporatca  in  a  Tacuum,  it  aometimca  yields  tns  ah  ia 
blue  cfyitols.     (Wurts.) 

Hypopkospkite  of  Glucinum. — The  solution  eTaporatcdin  a  vacmim  ori« oil 
of  ritnol  leaves  a  thick  gum,  which  drie«  np  to  a  mass  hanng  a  ritwona  fractnni. 

Bypopko$phHf$  of  Iron.— The  ferroM  9a/t,  Fe*P'H*0«.6H'0,  ia  fomifd,  witk 
evolution  of  hydrogen,  when  metallic  iron  ia  dissolved  in  the  aqu^^ous  arid.  Thsi 
Sulution  evaporated  in  a  vocDum  over  oil  of  vitriol  deposits  the  anlt  in  large  prt%\ 
ootahetlnma,  which  give  off  their  0  at  water  at  100°.  When  moist  it  oxidise*  verj 
quickly  on  exposure  to  the  air. 

Tbe/n*rf>  salt  is  formed  by  diasolviog  ferric  hydrate  in  the  cold  aqneotM  seid,  and 
separatea  in  the  form  of  a  white  aalt,  sparingly  aoluble  in  the  free  acid.  Ferric  ky- 
drat«  heated  with  hj^phosphorouB  acid  yields  ferric  phosphate  and  fHrrous  hypopbos* 
phite. 

Hypopkospkitf  of  Lead,  Pb'F'HK)*,  is  moat  eaaily  prepared  by  digesting  fhi 
aqueous  acid  with  carbonate  of  lead ;  if  oxide  of  lead  is  nsea,  the  add  takea  op 
cess  of  it,  forming  an  alkaline  solution  which  decomposes  when  eraporatad,  ' 
phosphate  of  lead  and  mt'tillic  leud.  This  deoompoiition  may,  huwerer,  bis  , 
by  aading  a  slight  excess  of  ncid ;  and  the  aolution,  if  then  evaporated,  depossta  the  sUt 
in  amall  rhombic  priams  often  imited  into  plates.  It  is  re-ry  slightly  soloble  ia  cold, 
more  eaaily  in  hut  water,  forming  a  slightly  add  solution  from  which  it  is  predpitaUd 
by  alcohol* io  nacreous  scalos.  It  is  permanent  at  100°,  but  decomposea  at  astiuogw 
heat. 

The  solution  of  this  salt  ^Kisily  tukea  up  an  additional  quantify  of  lead-oxide,  acqinr> 
ing  an  alkaline  reaction  ;  it  (ben  decompoaes  on  standing  and  more  quickly-  if  heafsd, 
depositing  phosphitfl  of  load  as  a  sandy  powder.  The  same  decomposition  is  iodaeNl 
by  addition  of  bHsic  aeetnto  of  lead. 

The  aqueous  solution  of  the  neutrfd  ftalt  mixed  with  a  little  ammonia  deposits  a  bsmII 
quimttty  of  lead-bydrate  ;  and  tlie  flltnile,  which  pt  rhaps  contnina  a  double  salt,  yidJi 
on  Iwiling  a  fl«>cculent  precipitate  of  a  ^lo^irw/^  said  to  contain  Pb*'P*H*O*.6Pb*0.(JBro 
or  Pb-P'H*0'.6Pb'Tl«0».H»0.     (H.  Roae.) 

Hypophotphitf  of  Magnrsium,  Mg''P'H•0^6H'0.— Prepared  by  doable  d#- 
compf^ition ;  cryataltifips  in  Urge,  regulnr,  hard,  efflorescent  octahedrooa,  eaaily  solubla 
in  water.     It  gives  off  6  at  water  at  100^,  and  the  aixth  at  1B0°. 

Bypopkosphitf  of  Manganese,  Mn"P'H*0'.H*0,  prepared  in  like  manoer. 
cryotalliMa  with  difficulty  in  rose-red  scalenobedrous,  permanent  in  the  air,  giving  off 
their  water  at  10(P. 

Hypopho$pkite  of  Nickel,  Ni'T^'OrflHK).— Prepared  Uke  the  cobah-sall; 
crystallises  in  green  cubea  or  octahedrons,  which  give  off  their  6  at.  water  at  100^. 
When  the  moist  crystals  are  healed  to  120^,  or  the  solution  lo  100'',  pAnial  decoinp»- 
fiitioD  takes  place,  with  evolution  of  hydrogen  and  precipitation  of  metallic  uickeL 

Hypopko9phite  of  Potasnium,  KPH'O'. — Prepired;  1.  By  boiling  aqosoH 
or  aloobolie  potaah  with  phosphoniaas  lung  as  phosphoretted  hydrogen  continocsls 
escape,  then  decanting  the  solution  from  the  uudit»solv(-d  pht^phorus,  and  mixu^il 
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inth  sHd  earbonftte  of  poUMtnm,  io  order  to  oonrert  the  DMnaininge&iuHcpoCuHiDto 
ciirb<^nnte.  The  oolotion  u  tb^D  eTsporatnd  and  tho  residue  treated  iritb  hot  strong 
aioohnl,  which  dissolves  the  hvphoephit*  and  learea  the  carbonate,  the  former  cryrtal- 
liaing  out  aa  the  Bolntion  coou. — 2.  By  di^compoaixig  ihe  bariam-«alt  with  sulphate  of 
p<ita8sium,  or  the  c&lciam-Balt  with  carbonate  of  potastium;  purified  as  abore  hj  treat- 
inenr  with  hot  alcohoL 

Hyp»pho«phit«  of  potaflsium  oaiuUy  formn  an  opaque  indiatinctlj  crystaUine  maas, 
au:i)4'tim<*fl  however  exhibiting  Btx-sided  pUtea.  It  is  vi-rj  deliqaescent,  more  ao  than 
belitorid(>  ofcalrium,  eH»<ily  soluble  in  wat«r  and  iu  weak  spirit,  U'S^  soluble  in  abHoluto 
Hlcobol.  insoluble  in  ether.     It  doea  not  lose  weight  or  undergo  any  alteration  at  100^. 

Hypopho9pkite  of  Silver. — Nitrate  of  silver  added  to  the  solation  of  hypophoe 
phite  forma  a  white  precipitate,  which  however  quickly  blackens  from  rfniuction  of  the 
metal 

Hypopkotphite  of  Sodium,  prepared  like  the  potaasinm-salt,  oystalliaefl  m 
Bacreous  rectangular  tables,  somewhat  leia  deliquetcent  than  the  potaaainm-aalt,  eaail/ 
•oluble  in  water  and  inaleohoL 

Htfpopho$pkite  of  St  rent  turn.  Bt'F*K*0\ — Prepared  like  the  barium-salt  with 
hydrate  or  sulphide  of  strontium.  The  solutinn  when  evnpttnit*^!  yields  the  salt  in  wnrij 
crytilaU,  which  are  easily  soluble  in  water,  insoluble  in  alcohol,  permanent  in  the  air, 
&Dd  do  not  lose  weight  at  10U°. 

Hj/popho»phiteof  Zinc.  Zn*T»H*0*.H»0.or  with  6H*0.— Obtained  by  diasolviag 
sine  or  ziuc-oxide  in  the  aqueous  acid,  or  bv  dt-compusing  the  barium-salt  with  line- 
tfulphute.  By  evaporating  the  solution  it  ia  obtained,  Ktraetimes  in  regular  octahedrons 
eoutaiiuing  6  at  wa^•r,  very  efflorenoenr,  siid  la»>ing  water  even  when  pressed  b'tween 
pnper,  somrtim^w  in  rhombohedral  crystais  I'ontaining  1  at.  wate'r,  whico  are  permanent 
in  the  air.  The  octahedral  salt  is  mosily  formed  by  spontaneous  evaporation  of  a  not 
too  concentrated  solution ;  it  gives  off  its  6  at.  water  at  100°.  The  autl  is  easily  soluble 
in  water. 

Vtaospborons  Oxide,  Aold,  and  Baits. 

TftioxiDB  or  Phosphobus.  PnospHoaout  Oxidi  or  An ktbbidi,  P'O*. 

The  only  reaction  which  yields  this  compound  is  lh«  slow  combutition  of  phosphonui 

in  dry  air  or  oxygen.  When  phottphoma  is  exposed  at  ordinary  temperature*  to  dry 
air  or  rarefied  oxygen,  it  glows  and  becomes  coated  with  triozide;  but  the  reaction  is 
very  imperfect.  The  ordinnry  combustion  of  phoephorus  in  air  produces  both  phos- 
phonw  (ind  phosphoric  oxides,  tugt^ther  with  some  suboxide,  or  perhaps  amorphous 
phosphorus  (p.  623).  The  best  mode  of  prepariufr  Uie  trioxide  is  to  bum  ohoeptiorus 
in  a  very  slow  current  of  perfectly  dry  air;  Ihe  trioxide  then  condenses  beyond  tbs 
phosphorus  as  a  bulky  amorphona  sublimate. 

Phosphorous  oxide  fumis  large  white  flakes  readily  vobitile,  and  emitting  an  alliaceous 
odour.  When  quite  dry  it  does  not  redden  litmus-paper.  It  absorbs  atmospheric 
moisture  with  avidity,  and  when  sprinkled  with  water  dissolves  rapidly  with  a  hiaaing 
noise,  producing  phosphurons  acid,  P'O"    +    3H»0     -      2H'P0". 


Phosfbobous  Aoin,  H'FO* 


•This  acid  is  produced :  1.  By  the  acHoo 


of  water  on  the  anhydride. — 2.  By  the  slow  oxidisation  of  phosphine,  this  gas  when  left 
over  well-aerated  water  being  gndually  absorbKl,  with  forrnKtion  of  phosphorous  add; 
again  2  Tolumoa  of  phosphine  unite  quietly  with  3  volumes  of  oxygen,  when  the  explosion 
of  the  gases  is  preventpd  by  cooling. — 3.  By  exposing  eiicks  of  phosphorus  to  moist  air, 
phosphnric  acid  being  produced  at  the  same  time.     (See  Pho.iphatio  Acid,  p.  499.) 

4,  By  thr  action  of  phnsphorus  on  sulphal-?  of  copper.  ^Vlien  phosphorus  is  introdnced 
info  a  solution  of  tliifi  salt  (ktpt  siilunHed  by  the  immeriion  of  crysuls),  and  left  to 
act  at  tha  ordinary  temperature  and  with  the  least  possible  access  of  air,  copper  is  first 
reduced  and  then  converted  into  black  phosphide  of  popper,  and  a  very  acia  solution  ia 
ultimately  obtained,  copt&ining  nothing  but  phosphorous  nnd  sulphuric  acidff,  the  latter 
of  which  may  be  removed  by  caatious  addition  of  lime  or  bazyta.  (Schi  ff,  Ann.  Cb. 
Pharm.  ciiv.  200.) 

6.  By  tho  action  of  water  on  trichloride  of  phosphorus :  3H*0  +  PQ"  -  HT^' 
-*■  3HC1.  A  "urrent  of  washed  chlorine  ia  slowly  pas«ed  through  a  layer  of  melted 
phosphorus  three  or  four  inches  deep,  covered  by  six  or  eight  inches  of  water,  so  that 
each  bubble  of  gas  may  be  completely  absorbed  by  the  phosphorus.  The  trichloride 
thereby  proiluced  \s  iumjediately  decomposed  by  contact  with  the  water.  The  hydro- 
chloric acid  produced  in  the  reaction  is  expelled  by  evaporation.  Great  care  most  be 
taken  to  avoid  excess  of  chlorine,  as  that  would  give  tWi  to  the  formation  of  pbospborie 
aci»L  ^ 
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•.  By  Ihf  action  of  trichloride  of  phosphorus  on  oxalic  acid  :    1  »t.  of  tKe  tmj«« 
i»  poured  upon  3  oL  crystuUUed  oxalic  Acid,  oouUlned  in  «  rfUirt  hAvtag  iu^  | 
Hir^oted  upwardi  or  provided  with  n  /Kindeiuiiiig-tabe,  »o  thxt  the    tricfakn^w^ 
vuUtiltaes  01115  flow  bivck  again.     Violent  action  immcdiatelj  lAkra  plao^  1 
liy  erolutioD  of  PArbonic  anhydride,  cnrbonic  oxide,  and  hjrdrochlonc  acid:  m  «■#  I 
it  iH  ovur,  the  retort  is  to  bo  gently  WHrmcd  while  a  atreara  of  dry  carbo*ue  uln^ 
is  piMscd  through  it     The  maas,  which  froths  at   first,  grudually  settle*  dowa  abi  j 
clear  liquid,  which  Bolidifiea  to  a  mdiate  moH  uf  phoaphuruus  acid  haTUtg  a  a%bi  | 
colour.    [Uurtsigand  Geather,  Ann.  Ch.  PiLtrra.  cxi.  169.) 

Prfiprrtift  and  Reactiona. — Phosphoroua  acid  usually  exists  in  the  form  of  &  ^4 
nocrjaLiklliaable  syrup,  but  may  be  obtained  10  the  crystalline  state  either  by  thi  ^ 
ci«s  last  described,  or  by  cooling  a  somnvh&t  concentrated  Bqueoas  aolutmL  Tk 
cnrstak.  which  conUin  H^PO',  melt  at  74°.     The  acid  in  both  states  is  deliqiHMr 
When    heat<.*d   it   is  resolvt-d    into   phosphoric  acid    and    phoaphine  :    4H*PU' 
SH'PO*    •*•    PH';   henro  when   heated  in  the  air,  it  undergoes   Tirid  comban 
According  to  Hurtzig  and  Geuther,  the  crystalline  acid,  when  slowly  bested,  gitn  tf  { 
noD -spontaneously  iDfUtnmuble  phosphino,  pruducing  white  ftimes. 

The  aqueous  sulutiou  of  phosphorous  acid  la  a  strongly  acid  liquid  which  ashfini  %  1 
phuaphoric  acid  od  exposure  10  thn  air.  It  is  a  powerful  reducing  ageo^  ^»oamftk% 
the  aalta  of  siltvr,  nert'ury,  and  aold  in  the  same  manner  as  hypophosf^Kirotti  mi: 
the  reductiou  ia  much  fa'.ilitiitod  by  aaturating  the  acid  with  ammonia.  Whea  WsM 
with  aulphiirous  acid,  it  yields  phosphoric  and  salphydric  acids  : 

3H»P0"   +   H«SO«     «     3H«P0*  +   H'S. 
If  the  sulphurous  acid  ia  in  excess,  the  sulpbydrio  acid  is  dt^composed  an^^  -  i-l— 
ieparated.     If  the  phosphorous  add  cootitinn  any  arst'ntc,  that  mettd  is  ent- 
pitated  as  sulphide.     Arsenic  acid  is  retiuced  by  phosphorous  acid  to  «r«ei::_ 
which,  if  the  materials  are  dry,  ia  reduced,  by  fintion  with  excess  of  phosphorou  aai 
to  a  dark-brown  powder  of  metallic  anenic.     Aqueous  phoepborous  acid  dtssoltcse«e 
and  iron  with  evolution  uf  phosphine ;  it  likewiae  gives  off  that  gas  when  Insli^ 
with  xinc  and  sulphuric  acid. 

niospbltes.  -Of  the  three  hydrog*«n-atoma  contained  in  pbospboroos  add,  on^ 
two  ttpptvir  to  be  replaceable  by  metalis  the  acid  being  in  fact  dibu^ic,  and  forming  Tie 
wrieeof  mptallicsalM — v[t,,m>'iralphotpkflk'g,  M'PHO'^orM'PHO',  and  acid pki>sfJi»b% 
M  H  PHO"  or  ITH'P'HK)*  -  M"PHO«.PH»0*,  according  to  the  atomicity  of  the  VMrtaL 
The  third  bvdrogen-atom  of  phosphorous  add  ii  more  easily  replaceable  by  almhel- 
nididcs,  produdng alcoholic  phosphorous  adds  (r.(^., ethyl-phosphorous  arid.  H'.PCHH)"  |l 
atill  containing  two  atoms  of  typic  hydrogen,  which  may  be  i«placed  either  by  mrta't 
or  by  aloohol-nidides.  In  the  latter  case  phosphites  or  phoepborous  ethers  areforiM^ 
containing  3  atoms  of  alcohol-radicle  (p.  633),  whence  the  acid  has  by  some  oheaklt 
been  regarded  as  tribiuno  ;  but  the  view  above  given  accords  beat  with  its  Pelatioi 
metallic  bnAPs,  and  with  the  tosition  which  it  occupies  between  monobaaic  hyp 
phorous  acid  and  tribasic  phuapboric  acid  (p.  623).  Moroorer,  in  the  tn-al 
phosphites,  V{C-H^)Hy,  for  I'XHiiiple.  2  atoms  of  the  aJcohol-radide  may  be  replaced  hj 
metals — fur  example  by  K'  or  Bh;  but  the  third  atom  is  not  thus  replaceable  (p.  £3S). 

The  metallic  pliosphites  are  obtained  sometimes  by  acting  on  the  add  vilh 
bssns,  sometimi-B  by  double  decomposition.  They  arc  more  stable  than  the  fayp(^ib(»- 
phitea,  but  are  all  decomposed  by  beat.  Tho9e  which  contain  water  of  crjstalliMCMi 
give  off  hydrogen  and  leare  pyrophoaphates :  thus — 

2Ba"PH0".H'0       =       Bk^P^O'      +      2W ; 
but  anhydrous  neutral  phosphites,  which  do  not  contain  suffident  hydrogen  and  oxygia 
for  this  mode  of  decompTsitiun,  likewise  give  off  phosphorotted  hydrogen  and  leans 
more  basic  pboapbate:  e.y. — 

ftPb"HPO*  =  Pb"0.2Pbn"0'  +  PH"  +  H« 
The  ueulral  phosphites,  excejQtlng  those  of  the  alkuU-metals^  are  but  sparingly  solu- 
ble in  wiitiT.  and  the  lead-salt  is  almost  insoluble ;  the  add  pbosphitea,  however,  ai* 
Holuble.  With  thi*ohluride«  of  biirium  and  ca/rium,  solutions  of  the  alkaline  pbospUlM 
form  while  precipitates,  soluble  in  acetic  and  in  phosphorous  acid — with  acrtaU  of  ktd 
a  white  precipitatp,  insoluble  in  acetic  acid.  Solutions  of  phoephites,  nnlens  veiy  coo- 
ct'ntrated.  do  not  precipitate  the  solution  of  a  iruiffntrium-ialt  in  aqueous  ammoc^  and 
ual-Ammoniac. 

The  (kjlutions  of  phosphites  undergo  but  little  alteration  when  exposed  to  the  air  it 
ordinary  temperatures,  and  are  not  deoonipu»ed  by  boiling  with  caustic  aUcalia     They 
reduE-p  HolutioDs  of  pfdd,  silvtr,  and  mercury  in  the  same  manner  as  the  aqueooa  add. 
The  methods  (0  be  adopted  for  the  quantitative  analysis  of  phosphites  an 
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esaedT  tlifl  same  as  those  already  deecribed  for  the  hypophosphites  (p.  524),  Ktmtxal 
phosphites  oxidised  bj  nitric  acid,  or  by  iiydrochloric  acid  and  chlorate  of  potassium, 
we  transformed  into  pyrophosphates : 

2M'HP0»     +     0»      -      M^P«0'     +     ffO. 

Those  pho8{^ites  which  are  insoluble  or  sparingly  soluble  in  water,  may  be  dissolved 
ia  hydriocbloric  acid,  and  the  bases  precipitated  from  them  by  the  usual  reagents. 

Pko4pkite  of  Aluminiufm, — A  saturated  solutioB  of  alum  mixed  with  a  strong 
solution  of  ammonium-phosphite  forms  a  precipitate  which  disappears  at  flrst,  becomes 
permanetit  on  further  addition  of  ammonta,  but  does  not  separate  completely  till  the 
fiquid  is  boiled.  It  forms  a  white  powder  when  dry,  and  decomposes  without  incan- 
dcscenoe  when  heated. 

PJtotpJkite  of  Ammonium,  (KH')THO*.H^O.— Phosphorous  add  saturated  with 
ammonia,  and  evaporated  over  sulphuric  acid  in  rarefied  air,  yields  this  salt  in  lazge 
deliquescent  prisms,  soluble  in  2  pts.  of  cold  and  in  a  smfdler  quantity  of  boiling  water. 
In  Taeuo,  at  ordinary  temperatures,  the  czystals  give  off  a  small  Quantity  of  ammonia, 
mad.  turn  acid ;  at  100''  they  give  off  1  at.  water,  also  with  a  little  ammonia;  and  at 
higher  temperatures  a  larger  quantity  of  ammonia,  leaving  almost  pure  phosphorous  acid, 
vhieh  deoomposes  when  more  strongly  heated.  The  aqueous  solution  when  evaporated 
by  heat  also  gives  off  ammonia  and  turns  acid. 

Pkotphitea  of  ^artum.— The  nfutral  salt,  DaTHO',  is  deposited  after  a  few 
days  from  a  solution  of  an  alkaline  phosphite  mixed  with  chloride  of  barium,  as  a  ciys* 
taUine  crust  containing  i  at  water  (2lia'PH0'.H-0).  It  is  but  roarin^Iy  soluble  in 
eold  water,  and  is  decomposed  by  boiling  with  watf>r  into  an  insoluble  basic  and  a  solu- 
Ue  acid  salt  It  is  slightly  efflorescent,  and  gives  off  its  water  of  cxystallisation 
between  160°  and  200° 

The  add  tait,  Ba''H«P^=0".H'O,  is  obtained  by  digesting  the  nsutral  salt  with  a 
quantity  of  phosphorous  acid  not  quite  sufficient  to  di^lve  it,  or  by  adding  baryta  or 
carbonate  of  banum  to  phosphorous  acid  as  long  as  it  eontinaes  to  dissolve,  and  evapo- 
nting  the  filtrate  to  a  syrup  at  a  gentle  heat  On  leaving  this  liquid  in  vacuo  over  oil 
of  vitriol,  the  acid  salt  is  deposited  in  warty  crystals.  It  is  soluble  in  water  but 
insoluble  in  alcohol  The  aqueous  solution  decomposes  when  boiled,  the  neutral  salt 
separating,  and  a  more  acid  salt,  not  yet  examinee^  remaining  in  eolufion.  The  salt 
gives  off  1  at.  water  at  100^. 

Phosphite  of  Bismuth,  obtained  by  double  decomposition,  ia  a  white  precipitate 
which  when  ignited  after  drying  gives  off  pure  hydrogen. 

Phosphite  of  Cadmium. — White  precipitate,  which  gives  off  hydrogen  when 
distilled,  and  leaves  a  residue  containing  a  small  quantity  of  metallic  camnium. 

Phosphites  of  Calcium.— Thu  neutral  salt,  Ca'PHO'.ffO,  separates  after  a  while 
from  a  solution  of  the  ammonium-salt  mixed  with  chloride  of  calcium,  as  a  crystalline 
erost  sparingly  soluble  in  oold  water.   The  solution  aecomposes  when  heated,  depositing 

a  baste  salt  (?  tricaleio  phosphite,  Ca'PK)*),  while  an  acid  salt  remains  dissolved.  Ths 
Dsntral  sslt  gives  off  its  water  at  100*^. 

The  acid  salt,  Ca"H'P'H'0'.H'0,  is  obtained,  by  acting  upon  marble  with  aqueous 
phosphorous  add,  as  long  as  carbonic  anhydride  continues  to  escape,  as  a  crystalline 
crust  made  up  of  needle-shaped  crystals.  It  is  <solabIe  in  water,  and  the  solution 
mixed  with  alcohol  deposits  the  neutral  salt,  while  a  very  add  salt  remuns  dissolved. 
The  crystals  give  off  their  water  at  100°. 

Phosphite  of  Chromium  is  precipitated  on  mixing  chromic  chloride  with  an 
alkaline  phosphite,  but  does  not  separate  completely  till  the  liquid  is  heated.  When 
diy  it  is  a  loose  grey  powder,  which  is  decomposed  by  heat,  with  OTolution  of  pure  hy- 


Phosphite  of  Cobalt  is  also  obtained  by  precipitation,  and  separates  completely 
os^y  when  the  liquid  is  heated.  In  the  dry  state  it  is  a  pale-red  powder,  which  when 
be^ed  first  turns  violet^  then  black,  and  afterwards  decomposes  witii  incandescence  and 
STolntion  of  hydrogen. 

Phosphite  of  Copper,  Cu'TH0*.2H"0.— Obtained  in  the  pure  state,  as  a  bins 
granulo •crystalline  predpiiate,  on  mixing  a  solution  of  cupric  ac«tate  with  aqueous 
phosphorous  add ;  less  pure,  as  a  bluish-white  floccutcnt  predpitate,  bv  treating  cupric 
anlphate  with  an  alkaline  phosphite.  It  gives  off  water  when  gently  heated,  and  at  a 
hij^r  temperature  evolves  hydrogen,  and  leaves  cupric  phosphate  mixed  with  metallic 
copper.  A  solution  of  cujpric  phosphite  in  aqueous  phosphorous  acid  also  decomposes 
when  heated,  with  separation  of  metallic  copper. 

Phosphite  of  Glucinum  is  a  gummv  precipitate,  white  and  pulverulent  when 
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dry,  inmluble  in  water,  decomposing  vhon  heated,  with  inouideBomee  And 
(lur^  hydrogen. 

Phb»pkite$  of  Iron.— The  ftrrovs  aalt  «  a  white  pnnupiUte,  which  ia  Um 
^^tlte  oxidiit«8  quickly  in  the  air,  turning  flnt  gr«eD  and  then  brown.     Wliea  houcd  i 
girfjj  off  pure  hjrdrugi^o. 

Firrio  suit. — Nculxal  ferric  salts  are  completdj  precipitated  by  nikjKlioe  pha»pb^ 
only  aftfr  long  standing  or  with  the  aid  of  beat.     The  dried  prrdpiut^  ia  wbita 
palverulcnt ;  it  glowv  when  heatad,  giving  off  hydrogen  mixed  with  a  liule 
retted  hydrogen. 

Phosphites  of  Lead^—The  nnUral  salt,  FbTHO*,  is  obtained  by  pndpSitb^ 
nevtel  acetMt^  of  lead  with  pboephorous  acid  ur  phosphite  of  ammoaium.  It  16  a  vbili 
precipitate  nearly  ioBoluble  in  water,  and  diaaolving  but  apariu^ly  in  a^ueooi  ph*- 
pboroQM  acid,  much  morv  eaitily  in  nitric  acid,  which  doee  not  oxidiae  it  in  the  cold:  ii 
fii  aaisily  oxidiB^d,  huwever,  whon  healed  with  nitric  or  •ulphuric  acid.  It  do^  •"■*  "" 
off  any  water  at  100^,  but  decomjKises  at  hightr  tempfTatures,  with  e^ 
hydrogen  iind  pho!fphori>ttcd  hydx\)guu,  and  learci  a  phosphate  of  lead  (p.  o-  , 
with  a  littlu  phonphide. 

A  rompoand  of  this  salt  with  chloride  of  lead  ia  precipitated  on  mixing  a  bodlla^ 
solmioD  of  ohluride  of  lead  with  pure  phosphite  of  ammoniuni.  or  with  tnchlonda  i 
^oflphunu  which  hiis  be^^n  di-composed  by  water  and  then  Deutmlised  with  ammoeia 
Br  continued  waahing  with  botling  wat4>r  however,  this  double  salt  ia  deoocopOMil,  tla 
whole  of  the  chloride  of  Inad  bt>ing  rvmovKl,  and  pare  phoapliite  remninir^  bahia^ 

A  batfio  phogphiUof  lead,  2{Pl)''0.Pb''PU0').H*0.  U  formed  on  digesting  the iwodlv 
precipitatiHl  neutral  ault  with  tunmonia  in  a  flnsk.  and  afterwards  waahing  it  with 
alcohol  (H.  RoBo).  Another  bjstc  aalt,  Pb"0.2Pb"FHO',  is  formed  by  predpitat^z^ 
boftic  acetate  of  lead  with  phosphite  of  ammonium. 

Phosphite  of  Maffftesium  ia  obtaiucd  by  digesting  the  aqneona  acid  with  basic 
carbonate  of  magnesium,  and  evaporating  the  tUtnite  under  an  exhausted  receirer,  as  a 
rryatalline  crust  sparingly  soluble  in  water.  When  heated  it  giTca  off  water  of 
cryHtallisiition,  and  At  a  higher  t«mpcratare  decompoaea  with  vivid  incandeeoenea. 

Pbospliite  of  magneoiuin  forma  a  sparingly  sufuble  double  aalt  with  pboiphiUtC 
ammonium — much  more  soluble,  however,  than  the  corresponding  pboephate. 

Phottphits  of  Mariffanfsf,  2Mu"FHO'.HK),  obtained  by  m^fJing  an  alkafiae 
phoapliite  to  the  aolutioa  of  a  manganous  salt  till  none  of  the  latt«r  remains  in  cxeesa. 
ts  a  reddiah-white  precipitate  whioh  is  not  quite  infoluble  in  water,  girea  off  ita  wilrr 

uf  crystallisation  m  drying,   aud  decompoeos  at  a  stronger  heat,  with  vivid  ' 

desccnce,  and  evolution  of  hydrogen  and  phosphoretted  hydrogen. 

Phosphites  of  Potassium.— The  neutralsalt,  K'HPO*,  ia  obtained  by 
I  the  nqupoiis  acid  with  potash,  and  evaporating  under  the  air-pump,  aa  a  syrupy 
I  in  which  cr}-«ttala  form  after  some  time  only.     It  is  dehqueacent,  easily  soluble  i 
water,  insoluble  in  alcohol. 

An  acid  phoe^kite  of  pottusiutn,  K'HT'O*  =  K»PH0*.2PH'0',  is  produced  by 
exactly  neutralising  1  pt.  of  aqueous  phosphorous  acid  with  hydrate  or  carbonate  of  p»- 
taKsium,  then  adding  2  pts.  of  the  same  acid,  and  evai>orating  in  vacuo.  The  liquid  than 
Bolidiflca  completely  to  a  mass  of  laminar  crystnU,  uuctuoua  to  the  touch,  having  a 
strongly  acid  taste,  and  very  soluble  in  water.  The  salt  does  not  lose  weight  at  200^, 
but  ducompoaes  nt  2-^0°  with  evolution  uf  hydrogen  and  phosphoretted  hydrogHu 

An  acid  potuiisium-aait  analogoas  to  the  other  acid  pboi:phite«  haa  oot  yet  beea 
obtained.  A  solution  of  the  neutral  salt  mixed  with  as  much  pboaphnrous  acid  as  it 
already  contains^  and  evaporatcdin  a  vacuum,  yields  after  some  time  a  crystalline  OMt 
of  the  acid  salt  just  descnbod,  the  syrupy  mother-liquor  retaining  nothing  Imt  neatal 
■alt. 

Phosphitea  of  Sodium.  ^The  nfutral  salt,  Na*PH0'.5H*O,  is  obtained  I7 
neutral  I  (ting  the  aqueous  uri<1  with  soda  and  evaporating  in  a  vacuum,  aa  a  thick  wjrv^ 
which  aftor  some  time  solidities  to  a  cryatallinf  mass.  According  to  Dulon^  the 
individual  cryntala  arc  rhomlmheHrons,  apprtiuching  very  nearly  to  cubea.  Theyare 
eaaily  soluble  in  water  and  in  :Llro]>ol,  hygrosenpir,  and  dMiquc.sce  qoickly  on  espoanre 
to  the  air,  but  Ffflorcaco  in  vacuo  over  oil  of  vitriol,  and  give  off  oil  their  water  of  ciy»- 
tAllination  at  100''. 

The  acid  nalt,  2Nn'n'P'0'.H'0.  is  analogous  in  composition  to  tJie  a^id  potastiiuD- 
aalt  (excepting  that  it  coDti<ius  water  of  cry»talIisation),  and  is  obtained  in  a  eiinilsr 
manner.  The  solution  crv^tallisea  completely  by  evaporation  in  vacuo,  yielding ahi&ilf 
prisms  very  soluble  in  water,  permanent  in  dry  air,  but  quickly  deliquescing  in  airuf 
the  ordinary  degree  of  hnmidity.  The  luilt  g;ive«  off  ita  water  of  crystnUicatioo  at  Wfi, 
and  decompoeea  at  250'',  evoWiiig  a  \at^«  <^\kaiv\i\-3  <A  v^<A^VAt^viH^.Ni^]^tqiQtgb« 
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Phosphite  of  Strontium,  2Sr'PH0MlV),  U  prupared  b?  mluniliDg  phos- 
f^horotin  luid  with  c&rbonate  of  strontiara  nnd  oritpomting.  A  BolatioD  ot  chloride  uf 
fftrontium  mixed  with  phoaplute  of  ammonium  ^elda  h  sctnty  precipitate,  Vf^iich  in- 
eresBea  on  evaporating  the  liquid.  Phosphite  of  iitrantium  isBpanngi^iwlublcinwat^r, 
and  is  decomiXMrd  by  boiling  with  water  into  a  loluble  acid  s&lt  and  au  inaoluMA 
n«er«otu  basic  aalt.     The  dry  suit  is  docompueed  br  bfst,  with  evolution  of  hydrogen. 

Photphitta  of  Tin. — The  $tannous  aalt,  Sn"'pHO",  is  prepared  by  precipitating 
ttannoos  chlohdo  with  aqueous  phosphoruns  ncid,  and  thorotighly  washing  the  precipi- 
tate Tith  water.  It  is  white,  insoluble  in  water,  but  solublo  in  hjdrociilonc  acid« 
forming  a  volution  which  is  an  extremely  powerful  roflucing  agt<nt.  The  dry  salt  do- 
oompoMs  with  intumescence  when  heateu,  giving  off  phoopborettod  hydn^n,  and 
leaving  a  black  residue. 

The  stannic  salt  is  obtained  by  mixing  aqueous  stannic  chloride  with  an  alkaline 
phosphite,  as  a  white  precipitate  which  drico  up  to  a  vitreous  brittle  mass.  When 
■tronglv  heated  it  gives  oflC  not  hydrogen  but  water,  leaving  a  Btannoas  salt  soluble  in 
hydrochloric  acid. 

Phosphite  of  Titanium. — A  solution  of  titanic  chloride  yields  with  phoophito 
of  ammonium  a  white  precipitiite,  which  when  ignited  gives  off  hydrc^n  and  phoetpho- 
retted  hydrogen,  and  leaves  a  black  residue  containing  phosphoric  and  titanic  oxidaa. 

Phosphite  of  Zinc,  2ZdTHO*.5H'0. — Alkaline  phosphites  precipitate  sulphate 
of  Kine  imperfectly  in  the  cold,  completely  when  heated.  The  white  precipitate  is 
ftparingly  soluble  in  water,  gives  off  ita  water  iu  drying,  and  when  more  atrongly 
heated  gi^'es  off  hytirogt'n,  mixed  towards  the  end  with  phokphoretted  hydrogen. 

Aleohollo  Vboapliitea.  Vliospboroiis  Btlicrs,  Phoephoruos  acid,  though 
dibtuiic  acid,  is  crtpabk*.  as  already  obflerred,  of  forming  ethers  in  which  1,  2,  or  3 
atoms  of  h/drogen  ar«  replaced  by  aleotioUradicle».  If  one  of  the  three  hydrogen- 
atoms  be  regarded  &s  iLlcoholic(ii.  915).  and  the  other  two  as  busylous,  these  ethers  mav 
l>e  represented  by  the  following  formulae,  in  which  B  denotes  a  monatomic  alcohol 
radicle : 


P 


HoDO-alcoholic  phosphorous  ethers     H'.PRO' 


Di-alcoholic  phosphorous  olhers  RE.PKO* 


Tri-alcoholic  phoBphoroua  ethers         R'.PRO' 


im) 

-     F-lo* 
R-J 


Thoao  which  contain  1  or  2  atoms  of  alcohol- radicle  are  acid  ethers  capable  of  forming 
metallio  saltA ;  those  which  contain  3  atoms  of  alcohol -radicle  are  neutral.  The  acid 
ethers  are  prodoctMi  by  the  action  of  trichloride  of  phosphorus  on  the  corresponding 
bjdrated  aleohohi ;  the  neutnil  ethers  by  the  action  of  trichloride  of  phosphorus  on  the 
corresponding  sodium^alcohols. 

There  might  aim  be  mono-  and  di-alcoholic  phosphites,  constituted  according  to  the 
formula  HRPHO"  and  R»  PHO". 

Amilic  :BiiosvuiTKt.—Amylphosphoroua  acid,  C*H"PO»  =  H".PC*H"0». 
(Wurtz.  Ann.  Ch.  Phys.  [3]  xn.  227 :  Ann.  Ch.  Pharm.  Iviii.  76.)— This  and  the 
following  compound  are  proaaced  by  the  action  of  trichloride  of  phosphorus  on  amylic 
alcohol  One  toI.  trichloride  of  phosphorua  is  slowly  dropped  into  1  toI.  amylic  alcohol, 
and  a  small  quantity  of  water  very  slowly  added,  the  vessel  being  well  cooled.  Aiterall 
the  exccfls  of  chlorido  of  phosphorus  baa  been  decomposed  by  the  water,  the  mixtore  is 
sliaken  up  with  an  equal  vol  una  e  of  water;  the  oily  mixture  of  amylpboaphoroua  add 
and  amylic  nmylpbosphife,  which  rises  to  tiio  surface  on  leaving  (lie  liquid  at  rest,  is 
decantt'd  andfreeti  from  hydrochloric  acid  by  repeated  washing  with  water;  and  the  amy  i 
phoHphomoB  acid  is  extracted  hy  a  weak  solat  on  of  aodic  carbonate  (a  strong  solution 
would  likewise  dissolve  the  umytic  amylphottphitc).  The  alkaline  solution  ia  then  sepa- 
mted  mechanically  from  the  amy  lie  amy  lpho»phite  which  floaiaonlhesurface;  the  portion 
which  still  Tetnoitis  dissolved  therein  isstpurated  byagilAtionwith  common  ether;  and  the 
alkaline  solution  is  super^ntumte'l  with  hydn>cliIoric  acid,  whereby  the  amylpho?«phon>ua 
acid  is  aepanited,  with  sljoiig  turbidity,  and  at  flmt  rises  to  thesni^kce  in  the  furmuf  an 
oil,  in  conjBoqueuce  of  containi  ng  ether,  but  viuks  to  the  b^jttom  aHer  the  ether  is  evapo- 
rated. Laatlv,  to  free  thia  oil  from  chloride  of  sodium,  it  is  dissolved  in  waiter,  repra- 
cipitated  by  hydrorhloric  acid,  gently  heated  after  the  hydrochloric  acid  has  been 
decanted,  and  placed  in  a  vacuum,  to  remove  the  water  and  hydrochloric  acid. 

Amylphocfphorous  add  is  an  oil  which  sinks  in  water;  it  is  nearly  inodorous  in  the 
fresh  state^  but  strongly  acid;  dissolves  readily  in  voter,  and  ia  f^eripitated  therefrom 
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bjr  bjdrochloric  ncId.  It  yiVldii  by  tJry  di*>iillutii>n  u  IturRe  quantify  of  fombuUUr  p^ 
aiitl  a  toiiall  quantity  of  liquid  disullute,  leariug  phosphorous  acid,  which  vhn  na» 
-trongU  hpated»  gives  off  phusphoretted  hydrogen  gas.  It  bums  with  a  ray  mftj 
tUme,  le&ring  phosphorooa  acid.  It  reduora  niwr-falU,  Aft«r  l>«iAff  k«pt  fioriaKw 
lime  it  no  Inngier  diMolres  cotnplptcly  id  wat^r,  and  the  Bolutioo  anickly  dedanpeni 
iiiTti  amy  he  alcohol  and  phonpborous  acid.  The  acid.  8ep&mt4*d  bj  hyorochloricicidfha 
tht>  Hudium-sult  whieb  hrui  mrea  ktfpt  fur  some  timo,  likcwin^  pxbibit«  this  befaariuK. 
This  chaiigr  of  prupertiefl  is  perhapa  due  to  thr  conversioD  of  tho  amylpbaapboniM 
ttdd,  H".PC*H"0',  into  THonamffiicpMosphiU,  C»H".H.FHCH. 

Amylphoa|>huroufl  acid  deoompoaca  alkaline  carbonatM  with  effff rvw^ynca ;  itaab 
decorapoiK)  readily.  The  potasaittm'  and  todium-talU  can  only  bo  obtained  io  thegil^ 
TinousstHlc.  The  barium-Bait  dries  up  in  Tacno  to  a  soft  deltqueM*«nt  mas.  TW 
kad'salt  \»  a  whit«  curdy  precipitate,  which  docompoaea  ereo  in  the  dry  aUt«,aid 
quickly  wh<*n  moist,  goring  off  an  odour  of  fuwl-oiL 

0.  Monamuiir  Amylphosphite,  C'»H"PO«  -  H.C»H".PC*H"0*.  (Wurtj. 
loc.  eit.) — ObtainBd  aa  Hbore.  ana  freed  from  amylphoNphorous  acid  by  wsshiziKvilk 
dilate  aodio  oLrl^onntc  till  the  residae  no  longer  rodiJens  litmus;  it  i«  then  waabedvith 
water,  and  heat<d  s^roml  tiroes  in  Tacoo  to  SO'^ — 100^  to  drive  off  water  end  nqrlie 
chloride.  iSUould  the  product  be  coloured,  in  consequence  of  the  teooMntOfa  dttqg 
the  reaction  haring  been  allowed -to  riee  t  >o  high,  it  roast  bcr  rectifle>d  is  vamio;  bat 
thiA  process  is  alwHyii  attended  with  a  certain  amounf  of  d*fcum position. 

Amrlic  Hmylphoffphit«  is  a  colourlefls  or  pale-yvUov  oil,  of  specific  graritr  0*997  U 
19°.  It  boils  only  at  a  high  Umporature.and  with  some  dnoompoaition  ;  amellfl  digblly 
of  nmylic  alcohol,  and  boa  a  vezy  pungent  diaufeeable  toete. 

When  f>lu^sed  in  the  state  of  vapour  through  a  red-hot  tubf*.  it  yields  ^^aaai,  amaqg 
which  pho.spiiurL'tted  hyilrugen  ocmrs.  It  may  be  set  on  fire  by  a  flaming  body  rtn 
Ktnmgty  beaUnl ;  paper  soakod  in  it  burns  when  not  on  Are,  with  a  whit«  phospb«ra 
HaraR.  It  abtMirba  chi'tniu-  gaa,  with  rise  of  temperature  and  evolution  of  hydroefaloric 
ncid ;  in  tht*  dark  at  0°  there  is  formed  hereby  a  product  containing  1  at.  chlorine :  bol 
under  the  iufiurmce  of  heat  and  lipht,  products  very  rich  in  chlorine*  are  formed ;  tfacM 
IwHlies  nro  colourless  and  riecid,  and  decompow  aft  era  while,  with  evolution  of  hydrociilofie 
acid,  fittnc  acid  acta  violently  (*n  amvlicamylphofiphite.yt'llowoily  drops  passingoivt*; 
and  a  strong  odour  of  valerianic  aoid  bt«ing  (>vulTed.  When  it  is  boiI<*«l  with  nolntiea  «f 
Ttttratn  of  ailver,  there  is  formeil,  with  a  certain  amount  of  reduction,  a  black  mji^tu 
iMntaiiiing  phosphate  of  silver.  When  exposc-d  to  muist  tur  or  kept  in  loosely  doaid 
ve.ssi'lB,  it  gradually  turns  acid.  By  boiling  aqueous  alkalis^  it  is  quickly  reaolved  into 
auiylic  alcohol,  which  passes  over,  and  a  residue  of  allcaliae  phosphite. 

hiami/lie  Amylphosphitf,0*K'*VO^  -  (C*H")»POH"0".  (Railton.  Cbem. 
Sue.  Qu.  J.  vii.  218.) — Froiluced  by  the  action  of  trichloride  of  phosphorus  on  amylale 
of  sodium,  tho  propur:itioD  being  conducted  in  the  same  manner  m  for  ths  ooxrespoodim 
ttthyl-oompouad  (p.  6;j3): 

3C*H"NaO    +    Pa»     -     C'*H*PO"   +    SNaCL 

It  is  an  oily  neutral  liquid,  having  a  very  offcnBire  odour,  and  decomposing  metre  ean^ 
than  (licthylic  eth}-lpho8phite.  It  boils  in  hydrogen  st  236°,  is  insoluble  in  witt^ 
soluble  ill  alcohol  and  in  ether. 

Kthylio       Fuosvhitss.  —  EthylphQMphorou$      acid,       C^H'PO* 

H».PC^H»0"      .         P"|0«.    (WurtB,  Ann.  Ch.  Phys.  [3]  xvi.    218.)— Fradoad  j 

by  the  action  of  cnclUoride  of  pUosphorua  on  hydrated  alcohol: 
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Trichloride  of  phosphorus  is  a'tdr^d  drop  by  drop  to  the  alcohol,  in  a  vessel  kept  obs- 
tinuully  cold  from  without ;  and  the  mixture  fs  evaporated  at  a  g«ntle  beat,  to  dnrsflff  j 
tho  chloride  of  ethyl  and  hydr*>chloric  at-id,  first  in  the  air,  and  afterwards  in  neao, 
Ae  vessel  containing  the  liqui<l  being  connifcted  with  an  air-pump  by  a  tube  eontats- 
ing  hydrat«  of  potaasium.  The  remaiuing  symp  is  then  saturatwl  with  carbonste  of 
bannm,  and  separated  by  filtr.ition  from  phosphite  of  barium ;  the  filtrate  is  eva^-vtratol 
in  vaiTUo;  the  dry  nsidui^  treated  with  ahsohite  alcohol;  the  liquid  (ilterwJ  to 
separate  the  chloriae  of  barium,  and  evaporated  till  the  barium-salt  cryitallises. 

The  add  itself  is  acarcoly  known,  in  consequence  of  its  great  tendency  to  ; 
itself  into  phosphorous  n<*id  and  alcohol. 

It  is  capable  of  exclmnging  onv  or  both  of  its  hdnylous  hydrogen-atoms  Mther  fat 
mviiilh  ur  for  dlcoUol-radicles,  Uicxebj  totrnvn^Vo^^v  acA  aa^^vt^xr^  »n&A:a.    ~ 
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mefallie  «al(«  tar  produced  by  treating  the  acid  with  the  rwpective  i)as«i  (Wurtjs), 
th*»  neutral  salU  bj  the  action  of  strong  bue«  on  tb«  neotral  ethylic  etbeF  or  d)«*th}iliL* 
ethjflphoHphita. 

Barium-salt4.—Thfi  acid  9oH,  Ba"H'.P«(C*H')*0*.  obtained  as  above  in  tbe  prepara- 
tion of  the  acid,  is  a  white,  amorphous,  friable,  deliquescent  mass,  which  swells  up  when 
subjected  to  dry  diatillntion,  giving  off,  first  cortnin  Tolatilc  products  of  the  d<»oompo- 
■ition  of  alcohol,  then  phosphoretted  hydrogon-gas.  and  learing  a  mixture  uf  barytic 
phosphate  and  oxide  of  phoapborus  (or  red  phosphorus).  It  is  permanent  when  dry, 
but  in  solution  it  is  gradually  resolved  into  &lcohol  and  barytic  metaphosphate, 
which  crystallises  out : 

'RBrU\V\Cm^fO*     +     O*       -      2(C»H».H.0)     +     BaT*©*. 

It  is  very  soluble  in  water  and  alcohol,  and  is  precipitated  from  tha  alcoholic  aolatkm 
by  other.     (Wurta.) 

The  neutral  harium^alt,  Ba'TCH*0",  is  produced  by  adding  I  at.  diethylic  ethyl- 
phosphite  to  1  at  hydrate  of  barium  dissolred  in  hot  wat«r: 

(C«H»)''PC»H»0'     ¥     BttTi'O'       -       BaTC«H*0"     +     2(C»H'.H.O). 

Od  gently  heating  the  mixture,  alcohol  is  given  off,  and  the  remaining  liquid  diposita 
the  barium-Biilt  on  eVHporation.  It  does  not  crystAlUse.  It  maybe  erapumttid  in  a 
water-bHth  without  decomposing,  but  on  boiling  it  is  easUy  resolved  into  a/cohiU  and 
munobarylic  phoaphito  (pv  529). 

2BaTC»H»0«     +     3H»0       -       2(C»fl».H.O)     +     2BbTH0«.H»0. 

By  deoompnsinp  this  salt  with  various  mlphates,  other  neutral  etliyl]ilio<ipbit(»s  may 
be  obtained,  but  none  of  them  crystallise.     (Railton,  Chem.  Soc,  Qn.  J.  vii.  21W.) 

The  acid  ct>pper-iialt,  obtained  by  precipitating  the  acid  barium -sull  with  Kulphat*'  uf 
copper,  and  evaporating  the  filtrate  in  vacuo,  is  a  blue,  aniorphous,  soft,  dcli<{ii<ftot'nt 
nia^R,  in  which  the  copper  is  grajinally  redui-'-d.     (Wurta.) 

The  acid  Irad-sait,  obtained  by  paturating  the  acid  with  recently  prfcipitnteil  carln*- 
oate  of  lead,  and  evaporatiDg  the  filtrate  in  vucuo,  forms  shining,  unctuous,  crj'StHlliria 
scales,  permanent  in  the  air,  soluble  in  wati'r  and  alcohol,  insoluble  in  elhor.  The 
aqneous  solution  gradunUy  df^posits  phosphite  of  lead.     (Wurtz.) 

The  add  potassium-salt,  obtained  by  precipitating  the  barium-Kull  with  fiilphnte  of 
potassium,  and  evaporating  in  vacuo,  ia  a  thick  unciD'stallisuble  svnip.     (Wurtz.) 
" Etht/lpho»phite,     C"H»Ba"PK)«      -      ((?II»)*Ba''(PC''H»0>)»       « 


■This  salt  ia  obtained  by  adding  2  at.  diethylic  etbylphoephite  to  1  at. 


Kthtihiharytio 
(CH*)' 

hydrate  of  barium  disflolved  in  hot  water,  and  gently  heating  the  liquid  for  a  few 
niiouies.  Alcohol  is  then  given  off.  and  the  liqoi^  if  caref^y  erapomtcd  on  a  wate^ 
bath,  deposils  the  salt  aa  a  confused  crystidlipe  mass : 

r  C'H*  >      -|  (C«H»)«    ) 

2        F"    J.0"         +     Ba'^'O'       -        (Vy      VO"     +     2(CH»H.O). 
L(C»H')»>      J  (CHV^Ba") 

This  salt  is  very  deliquescent,  extremely  soluble  in  water,  soluble  also  in  dilute  alcohol, 
but  only  slightly  soluble  in  absolute  alcohol.  It  does  not  decompose  at  108°. 
(Hailton.) 

Ethyl&potassie  Eth^lphosphiit,  CH'.K.PCH'O*,  is  obtained  by  decomposing  the 
barium-ealt  with  potassic  sulpbate.  It  crystalHsep  with  difficulty  in  thin  plates 
rwliating  from  a  centre.     It  is  deliquescent,  soluble  in  alcohol,  insoluble  in  ellier. 

The  Mdium-mlt  prepared  in  like  mannAr  rcscmbb's  the  potassinm-aalt,  but  has  not 
been  obtained  in  the  crystalline  state.  The  nickel-,  iron-,  ginc-,  and  ma^ejtivm'eaXta 
cbtttinod  in  lite  manner  arc  also  non>crynt&lline,  and  extremely  soluble  in  water,  but 
Hppeaz  to  bo  insoluble  In  alcohol.  On  dpcompofiing  the  solution  of  the  barium-salt 
with  cupric  ftulphnt^,  the  copper  was  reduced,  even  in  a  vacuum.     {Railton^ 

Th(i  conTHponding  hydrogm-salt^  or  eihylic  ethrf  I  phosphite,  H,CH*.PCH'0",  hsi 
EOt  yot  been  obtained. 

C»H»   ) 

Viethylie    Ethjflphosphitt,    C«H'»PO"      -         F"     \0\  (Railton,Chem. 

(C«H»)M 
See.  Qn.  J.  vii.  216.) — Produced  by  the  action  of  trichloride  of  phosphorus  on  ethyUts 
of  sodium: 

3C^H»NaO     +      PCI"       -       C«H^*PO'     +      3NaCL 

1  at.  triL'liloride  of  phosphorus  mixed  with  five  fimca  il^  bulk  of  pure  ether  is  added 
hjr  umaJ}  poTtJons  to  3 at.  cthjrUte  of  sodium  (pmparcd  by  acting  on  perfectly  anby drous 
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aloobol  with  iKKlium  in  i  retort  prorided  with  ft  coodensiog-tube,  and  en^MntiBg  It 
dryoeas  al  120^),  the  retort  boing  kopt  at  the  boiling-poiiit  of  ether  br  a  wster>lia4. 
The  ether  is  then  dutillcd  ofT,  and  the  retort  traiuferrDd  to  an  oil-hath,  in  vhidi  ita 
graduallj  heated  to  200^,  and  kept  at  thtit  temperatore  till  the  whole  of  thft<«k}tke 
pboaphite  haa  distilled  over.  The  distillate  ia  rectified  sereral  times  in  a  cvmi  of 
bjdrogen,  the  portion  which  comes  oTer  at  188^  being  each  time  o&llected. 

Diethjlic  ethyl  phosphite  is  a  neutral  somewhat  oilj  liquid,  haiijag  a  pentta^ 
offeusiTe  odour.  Specitic  gmrity  —  1075  at  16-6°.  Boiling-point  in  air,  Ul^;ia 
hjdrugea,  188°.  Vapoar-denaitj,  taken  in  an  atmosphere  of  hydrogen,  »  6'SOOal 
'£'877;  ealc.  (2  toL)  »  6763.  It  is  soluble  in  water,  aleohol.  and  ether,  and  fannuvtA 
a  bloish-white  flame.  Heated  with  baryta-water,  it  jrielda  the  bariom-ealt  (or  ctb^l- 
barium-salt)  of  ethylphocphorotu  add,  according  to  the  proportiona  need  (p.  &ZZ). 

H.C«HH>\ 

AcsTTL-PTBOPHoBPHoRore  Acid,  CH*PK)*  =       (^")'   >-0*.     (K.  Xea* 

H'    ) 
■  chut kin,  AniL  Ch.PhaniLCxzziii.317.)— Thia  add,  which  is  produced  by  tbaactioi 
of  phoepboroaa  add  on  chloride  of  acetyl,  may  he  regarded  as  malting  from  the  nhtti- 
tntioQ  of  acetyl  for  hydrogen  in  o  hy{K)theticiil  pyrophoephorvua  acid,  P'H'O*,  rslatad 
to  phosphoroua  acid  in  the  same  manner  aa  pyrophoaphoric  to  orthopboaphone  add ; 


2[^|0']     _     H'O       -      JJO'. 


Thoipharoui 
add. 


Pjrrophoe- 
phorocu  add. 


To  prepare  it,  1  al  phosphoroua  add  and  I  at.  chloride  of  acetyl  w  heated  togrtto 
in  a  aealed  tube  to  120°,  in  an  oil-balh  for  60  to  66  hours,  the  tube  beiag  tmmri 
two  or  three  times  dnrJDg  the  proceea  to  give  vent  to  the  large  quantity  of  hymddonc 
acid  which  is  set  free.  When  the  reaction  is  complete,  the  whole  of  the  ehlondrof 
acetyl  is  found  to  hare  disappeared,  and  the  tabe  contains  a  perfecLLyr  while  crystalfiBs 
naas,  consisting  of  acetyl-pyropbosphorous  acid: 

2PH»0'     +     2C'H'0a       -       H"P(C>H«0)0»     +     C*H*0«      +      2Ha 

To  purifjr  thiB  product,  it  is  flr«t  dried  in  a  stream  of  carbonic  anhydride,  wbeffupn 
hydrochloric  and  acetic  ocida  pass  off':  then  oonrerted  into  a  potaaaiam-aalt,  which  i» 
<  purifted  by  two  or  three  czystalliaations ;  from  this  the  lead-salt  ia  prepared  brpreeipi' 
tation;  and  the  precipitate  decompoeed  by  solphydric  acid  yields  a  solution  of  pan 
acetyl -pyro phosphorous  add.  On  erapor&ting  this  solution  to  a  aymp,  and  I^rii^  il 
over  oil  of  ritriol,  the  add  ia  obtained  aa  a  crystjiLline  mans,  renr  mui^  like  crystallusd 
phoBphorona  add,  bat  leaa  deliquescent.  It  cuotaina  P*(C*H'O)U'O*.2H*0;  girea  of 
ita  water  of  cryatalliaation  at  100°;  does  not  fuse,  but  decomposes  wbeo  at^u^g^y 
heated,  gtring  off  phoephoretted  hydrogen. 

Acetyl- pyrophoapborous  add  appean  to  be  dibasic,  forming  salt!  whzcfa  mar  bt 

represented  by  the  general  formola,    (F")'     (.0*.    Iha  pota»$ium-^a/t  forma  cmtali^ 

M«  j 
which  contain  P^C*H'0)HK^.2|HK),  giro  off  IJHK)  at  100^,  and  the  rcaaaini^ 
1  aL  at  120°.  The  crystals  are  rery  soluble  in  water,  atxl  effloreaco  quicklj,  aplictiag 
at  the  same  time  into  lamps,  in  an  easily-determined  direction  oif  cleaTVge.  By 
boiling  with  excess  of  potash,  the  salt  is  resolved  into  acetate  and  phoephit*  of 
putOKsium.— The  barium-talt,  P'(CH'0)HBa"O*,  obtained  from  the  potoaeiant-aall  by 
double  decomposition,  is  a  prodpitato  which  becomes  crystailine  after  a  while.— Th'f 
Uad-salt,  P»(C'H»0)HPb''0»,  is  a  white  predpitatc — Nitrate  of  silver  forms  with  tlu 
potasnum-salt  a  white  precipitate,  from  which  when  thrown  on  a  filter  the  direr  ii 
instantly  reduced. 

TBiTTL»ifa-PB08PHOBOua  AoiD^  CH'PO"  -      P*     V0»? — Kane,  by  actiag 

on  ocetsine  with  iodine  in  presence  of  phoephoms,  and  nentnliaing  with  carbonala  of 

barium,  obtained  a  salt  to  which  be  assigned  the  formula  C*//*5<i'PO<  or  CH*BaTO«. 
Acconling  in  K.  Mulder,  however  (J.  pr.  Chem.  zci.  472).  if  the  product  of  thertse- 
tion  bo  freed  from  iodine  by  digestion  with  water  and  agitation  with  mercanr,  then 
neutralised  with  carbonate  of  barium,  and  the  resulting  barinra-salt  purifled  by 
repeated  precipitation  with  alcohol  from  the  aqaeous  solution,  it  finally  exhihits  Uic 
eomposition  of  tritylene-phattphit^  of  barium,  (C*H*)*B»'P'0*  (Mulder  r^ards  it  •■ 
a  phosphite  of  barium  and  acetone).  The  Holutioa  of  this  salt  treated  with  carbonate 
of  aodium,  yields  a  precipitate  of  barytic  carbonate  and  a  eolation  of  £ritj/Une-pJ^pll»k 
c/sodium,  (C*H'y'NaPO*,  which  T«miuu&  oxv  v?%.^t*.t\Qti  ^^  «&  taxvt^T^VvuuA  i 
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VbMpliorte  Aahydiide.  AcUUv  «ad  SalM. 

FbKTOXIDBOfFhOSFHOBUS,   PhOSPHOBIO  OzIDBOB  AKHTI>BII>I^    P*0\ 

^-Thia  oxide  is  the  aole  product  of  the  rapid  combostion  of  phoepbonu  in  ezcew  of  dzy 
air  or  oxygen.  The  oombuBtion  is  easily  effected  in  a  large  three-necked  ghui  globe 
£  {fig.  737),  in  the  centre  of  vhich  ia  Baapended  a  porcelain  dish  c,  attacbra  by  meant 
of  platinum-wire  to  the  wide  tube  a  6.  wluch  ia  closed  at  a  with  a  cork.  One  of  the 
lateral  openings  of  the  globe  eommnnicates  with  a  U-tube  d^  containing  pumice  soaked 
in  oil  of  Titriol  to  dry  the  air  which  enters  the  globe,  while  the  other  lateral  opening 
eommnnicates  with  a  wide*mouthed  bottle  /,  destined  to  receive  the  product.  The 
phoBphoma  in  the  capsule  is  ignited  by  a  hot  wire,  the  cork  inserted  in  the  rertical 
tube,  and  a  current  of  diy  air  passed  through  the  apparatus  by  means  of  an  aspirator 
connected  with  the  exit-tube  g  of  the  bottle/  or  by  a  blower  attabhed  to  the  t&ying- 

ng,  737. 


tabe  d,  or  by  other  means.  From  time  to  time  fresh  piocea  of  phosphorus  are  dropped 
into  the  capAule  through  the  vertical  tube,  which  ia  recorked  after  each  addition.  The 
phosphoric  oxide  produced  by  the  combustion  condenses  as  a  white  deposit  in  tlie 
globe  and  in  the  b^le/.  If  the  supply  of  air  is  not  sufficient,  the  product  will  Iw 
contaminated  wiUi  phosphorous  oxide. 

A  simplified  apparatus  for  preparing  phosphoric  anhydride  ia  described  by  Gra- 
bowaki  (Ann.  Ch.  Pharm.  cxxxvu  119). 

Phosphoric  oxide,  as  above  prepared,  forms  a  snow-white,  flocculent,  amorphous  deposi  t, 
inodorous  when  free  from  phosphoroua  oxide,  and  not  affecting  litmus-paper  when 
perfectly  dry.  It  sublimes  below  a  red  heat.  When  heated  with  charcoal  it  is  de- 
oomposed,  yielding  carbonic  oxide  and  phosphorus.  It  ia  also  decomposed  when 
heated  wita  easily  oxidisable  metala.  Heated  with  pentachloride  of  phosphorus 
(Weber,  p.  513),  or  with  perfectly  dry  chloride  of  sodium  (Lautemann,  Ann.  Ch. 
Fharm.  cxiii.  240),  it  fields  phosphonc  oxychloride  POCl*.  It  has  a  powerful  attrac- 
tion for  water,  dissolving  in  it  with  a  hissing  noise  and  great  development  of  heat,  and 
deliquescing  quickly  in  contact  with  moist  air.  It  likewise  acts  asa  powerful  dehydrat- 
ing agent,  abstracting  water  fr«m  acids,  alcohols,  and  mimy  other  bodies  when  heated  with 
them.  Strong  sulphuric  acid,  for  example,  heated  with  phoaphoric  anhydride  is  con- 
verted into  siDphuric  anhydride.  It  unites  with  water  in  three  proportions,  forming 
three  acids,  H*O.P*0',  2H«0.P«0*,  and  3H*0JP*0*,  denoted  by  the  generic  name  of 
phosphoric  acida.  At  a  red  heat  it  expels  the  Tolatile  anhydrides  from  their  salts, 
producing  phosphatea  containing  various  proportions  of  base,  according  to  the  faoili^ 
with  which  the  volatile  anhydride  ia  expelled.  (Odling,  PhiL  Mag.  [4]  xviii.  168; 
Jahresb.  1859,  p.  161.) 

FuospBOBio  ACID.— Phosphoretted hydrogen.  PH'.bumtin  airoroxygentakeaup 
4  atoma  of  oxygen  and  forms  phosphoric  acid,  H*PO*.  The  aame  acid  ia  also  produced 
by  the  oxidation  of  hypophosphorous  or  phosphorous  acid  ;  by  oxidising  phosphorus 
with  nitric  add  ;  by  the  decomposition  of  apatite  and  other  nattre  phoephatea ;  and  by 
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the  action  of  boiling  wat«r  on  phosphoric  anhydride.  This  add  ia  tribady  formii^ 
three  distinct  classea  of  metallic  «Uta.  With  sodium,  for  sxample,  it  forma  the  three 
salts  NaH^PO*,  Na'HPO*,  and  Na'FO\  the  first  two  of  i^ch,  still  containing  replace- 
able hydrogen,  are  add  salts,  while  the  third  is  neutral  The  three  atoms  of  njiuogeD 
in  phosphoric  add  may  be  replaced  in  like  manner  by  alcohol-radides,  forming  acid 
and  neutral  ethers. 

If  now  monosodic  phosphate,  KaH'PO*,  be  heated  to  redness,  it  gites  off  1  atom  of 
water  and  leaves  an  anhydrous  monosodic  phosphate,  NaPO*  «  KaH'FO^ — ^HH),  the 
aqueous  solution  of  which,  when  treated  wita  nitrate  of  lead,  yields  a  lead-«alt  of  cor- 
responding composition :  thus — 

2NaP0»  +  Pb''(NO«)«     -.    Pb'CNO*)*  +   2KaN0»; 

and  this  lead-salt,  decomposed  by  sulphydrieadd,  yields  a  monobydric  add  haling  the 
composition  HPO\  possessing  properties  quite  distinct  from  those  of  the  tzihydrie  add 
above  mentioned : 

Pb''(PO")«  +  H«     -     2HP0«  +   Pb"S. 

The  trihydric  add  which  is  produced  by  the  oxidation  of  phosphoms,  and  by  the 
decomposition  of  the  ordinary  native  phosphates,  is  called  orthophosphoric  acid 
or  ordinary  phosphoric  acid;  the  monobydric  add  is  called  metaphosphorie 
acid.  The  former  may  be  r^arded  as  a  trihydrate,  the  latter  as  a  monoh^wate  oi 
phosphoric  anhydride : 

2H'P0*  «  3H«0J*»0*  orthophosphoric  add. 
2HP0'    »     H'O.PH)*  metAphoephoric  add. 

Both  are  soluble  in  water,  and  the  former  may  be  produced  by  the  action  of  boQing 
water,  the  latter  of  cold  water  on  phosphoric  anhydride.  They  are  easily  distinguished 
from  one  another  by  their  reactions  with  albumin  and  with  nitrate  (^  silver.  Meta- 
phosphorie add  coagulates  albumin,  and  gives  a  white  predpitate  with  nitrate  ot 
silver ;  whereas  orthophosphoric  add  does  not  coagulate  albumin,  and  gives  no  pre- 
cipitate, or  a  very  slight  one,  with  nitrate  of  silver,  till  it  is  neutralised  with  an  alkali, 
in  which  case  a  yellow  predpitate  is  formed. 

Metaphosphorie  add  and  its  salts  differ  from  orthophosphoric  add  and  the  ortho- 
phoephates  oy  the  want  of  one  or  two  atoms  of  water  or  base,  the  relation  beCwe« 
the  two  classes  of  salts  being  similar  to  that  between  ortho-  and  meta-silicates,  cai^ 
bouates,  &0.  (p.  238):  thus— 


U«Uphoiphatet 

OrthophMphatM. 

HPO« 

m, 

BPPO* 

H*0 

NaPO* 

M 

NaH«PO«      - 

HK). 

BaTW 

B 

Ba-H«PH)«     - 

2HK) 

AgPO» 

m, 

Ag*PO* 

AgK) 

Pb-PK)- 

B» 

]Pb»PK)» 

2Pb-0 

Accordingly,  we  find  that  metaphosphates  and  orthophosphates  are  coDTOtible  one  into 
the  other  by  the  loss  or  gain  of  one  or  two  atoms  of  water  or  base :  thus — 

a.  A  solution  of  metaphosphorie  add  is  converted,  slowly  at  ordinary  tempenrtsrN^ 
quickly  at  the  boiling  heat,  into  orthophosphoric  acid,  and  the  metj^hosphates  vt 
•odium  and  barium  are  converted  by  boiUng  with  water  into  the  eorrespondiiv  non^ 
mntallie  orthophosphates  (see  the  first  three  equations  above). — fi.  The  met^£o^)hBts 
of  a  heavy  metal,  silver  or  Isad  for  example,  is  converted  by  boihiig  with  water  ialo 
trimetallie  phosphate  and  orthophosphone  add : 

SAgPO"  +   8H«0     -r     Ag»PO«  +   2HTCH. 
7.  When  any  metaphoephate  is  frised  with  an  oxide,  hydrate  m  caibonate^  it  biww 
ft  trimetallie  orthophoephate:  «.y. — 

NaPO«   +  NaHX)»     -     Na»PO«  +  C0». 

On  the  other  hand:  (9%  when  orthophosphoric  add  is  heated  to  radiwM^  it  loM 
water  and  becomes  metaphosphorie  add;  and  when  a  monometaUie  ovtbodhoaphate  is 
heated  to  redness,  it  also  loans  water  and  is  transformed  into  a  mets^oajmata.  Or  if 
one  of  thi  bases  of  a  dimetallie  orthophosphate  is  volatile,  a  metaphoaph^e  is  UkewtN 
produced  by  heating  the  salt  to  redness ;  thus  with  sodio-ammonic  orthopbo^ihsto 
(microsooamic  salt) : 

\  Na(NH')HPO*  -  (KH^HO     -    KaPO". 

j'  «.  A  trimetallie  orthc^ospbate  fused  vtth  a  fixed  anhydride,  silidc  or  hone,  fcr  cfr 

ample,  ia  oonTerted  into  a  metaphoephate  by  abstraction  of  an  aCbm  of  baae:  thot^ 

N»*PO*  +  SiO»     -     Na»SiO»  +  NaPO". 
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When  phosphoric  anhydride  is  fused  with  the  salt  of  a  volatile  anhydride,  an  oztho- 
or  meta-phoBphate  U  produced,  according  to  the  facility  with  wmeh  the  volatile 
anhydride  can  be  expelled  firom  the  baK.  Thus  with  sulphate  of  magnesium,  the 
prodoet  ia  an  orthophosphate : 

I»0»  +   SMg'W*     -    M^P«0*  +   3S0»; 

but  with  sulphate  of  potassium,  in  which  the  sulphuric  anhydride  is  retained  with 
greater  foroe^  a  metaphoephate  is  produced,  thus: — 

PW  +   K*SO*     -     2KP0»  +  SO*. 
Intermediate  between  ortho-  and  meta-phosphates  there  are  at  least  three  distinct 
daseesof  salts,  the  meet  important  which  are  the  pyrophosphates  or  paraphos- 

phates,  M^O*  or  2d!^F*0".    These  salts  may  be  viewed  as  compounda  of  1  at  ortho* 
phosphate  and  1  at  metaphosphate :  M*P*0'  »  M*PO*  +  HPO*. 

F^phosphate  of  sodium  is  produced  by  heating  disodic  orthophoi^hate  to  redness, 
thus:— 

2Na»HP0«    -     Na'I»0»  +   H«0. 
The  solution  of  this  salt  yields  insoluble  pyrophosphates  with  lead  and  silver  salts: 
Uiiis  vith  nitrate  of  lead — 

NaT«0»  +   2Pb'W0«    -    P6«PH)V  +  4NaK0«; 
and  pyrophosphate  of  lead  decomposed  by  snlphydric  add,  yields  pyrophosphoric 
acid;  8H«I«0»or2H«O.PK)»:     '^        ^      '^  ' 

P!)«PW  +   2H»S     =.     H*PH)'  +  2Pb"S. 

Pjrrophosphates  are  easily  converted  into  metaphosphates  and  orthophosphates  (and 
vice  Tersi)  by  addition  or  subtraction  of  water,  or  a  metallic  base. 

a.  The  production  of  a  pyrophosphate  from  an  orthophosphate  by  loss  of  water  has 
been  already  mentioned. — $.  Conversely,  when  a  pyrophos^iate  is  heated'  wfCh  watez 
or  a  base,  it  becomes  an  orthophosphate :  e.  g. — 

Na«PK)»  +  H«0  -  2Na«HP0« 
Ka^P*0'  +  2N8H0  -  2Na«P0*  +  H»0. 
y.  Pyrophosphoric  acid  heated  to  dull  redness  is  converted  into  metaphoephonc 
acid :  H*P*0*  -  H*0  -  2HP0'.  The  converse  reaction  is  not  easily  effected,  inas- 
much as  metaphosphoric  acid  by  absorbing  water  generally  passes  directly  to  the  state 
of  orthophosphoric  acid.  Peligot,  however,  observed  the  formation  of  pyrophosnhorie 
from  metaphosphoric  acid  by  very  slow  absorption  of  water  (p.  689). — J.  When  a 
metallic  metaphosphate  is  treated  with  a  proper  proportion  of  a  hydrate,  oxide,  or  car- 
bonate, it  is  converted  into  a  pyrophosphate : 

2NaP0«  +  lfa«CO«  »  Ka*PH)'  +  C0», 
Fleitmann  and  Henneberg  (Ann.  Ch.  Pharm.  Ixv.  304),  by  fbaing  together  an 
atom  of  pyrophosphate  of  sodiiim,  Na'FO*.NaPO',  with  two  atoms  of  metaphosphate, 
NaPO*,  obtained  a  salt  having  the  composition  Na*P0*.3NaP0*  «  Na«P*0",  which 
is  soluble  without  decomposition  in  a  smaU  quantity  of  hot  water,  and  crystallises  from 
its  eolation  by  evaporation  over  oil  of  vitriol.  An  excess  of  hot  water  decomposes  it, 
but  its  cold  aqueoas  solution  w  moderately  permanent  Insoluble  phosphates  of  similar 
composition  may  be  obtained  from  the  sodium-salt  by  double  decomposition.  Fleit- 
mann and  Henneberg  obtained  another  crystallisable  but  very  insoluble  salt,  baring  the 
oomposiUon  Na"P0*.9NaP0'  -  Na'T'^O".  by  fusing  together  I  atom  of  sodie  pyro- 
phosphate with  8  atoms  of  the  metaphosphate* ;  and  insoluble  phosphates  of  similar 
eonatiiution  were  obtained  from  it  by  double  decomposition  (see  fnrUier  Uelsmann, 
Ann.  Ch.  Pharm.  cxviii.  99). 

The  nlative  proportions  of  base  and  anhydride  in  these  different  phosphates  is  best 
shown  by  accoMing  to  them  all  the  quantity  of  base  contained  in  the  most  complex 
member  of  the  series,  that  is  to  say,  6  atoms,  as  in  the  following  table: 

Orthophosphate 6MK).2PW    »     4M«P0«. 

^rophosphate 6M«0.3P«0»     «    8M*P«0^ 

rleitmann  and  Henneberg's  Phosphate  (a)         ,        .        6MK).4PK>»     -  2M*P<0'*. 
Fleitmann  and  Henneberg's  Phosphate  (b)         .         .         6M«0.6P»0»     «  M»*P'»0«. 

ICetaphos^hate 6BfK>.6F"0»     -    12MP0>. 

The  several  modifications  of  phosphoric  acid  and  their  salts  have  been  examined 
diiefly  byBerzelius  (Ann.  Ch.  Phys.  [2]  ii.  161,  217;  x.  278);  Hitscherlich 
(i6t^.  xix.  360);  aay-Lnssac  {ibid.  xli.  331);  Clark  (Ed.  J.  of  Sc.  va  298); 
Btromeyer  (Schw.  J.lviii  123);  Oraham  (PhiL  Trans.  1833,  p.  258;  PhiL  Uag. 
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401);  Mfiddrfll  (M«Ri.  Cfat<m.  5toc  Hi.  273;  Ann.  Ch.  Phftrm.  hi 
»mmel»berg(Ann.  Ch.  PhHrni.  Ivi.  210;  \xxii.  260;  Jahrceb.  i»47-«,  pi  Ut|. 
8chwar2«nbcrg  {ibid.  Ixv.  183;  Jahnwb.  1S47-8,  p.  346);  Fer80i(AuL  Ck. 
Pharm.  \xv.  163;  Jahresb.  1847-8,  p.  35*2);  Fleitmann  *nd  Henneberg(AiULCk 
Pharm.  Ixr.  304,  387  ;  Jahrwb.  1847-8.  pp.  3*4.  3fi7) ;  H.  Rose  (.\nn.  Ch.  Phn^ 
Uxri.  2,  13;  Ixxvil  319;  Jahresb.  1847-8.  pp.  i31.861);  Vogeli  (Ann.  Ch.  Pbum. 
Uix.  180;  Jahresb.  1847-8.  p.  6941;  Heiuli  (Ann.  Ch.  PhRrm.  Unit  247.W; 
Ixxii.  264;  Jahresb.  1847-8,  p.  342;  1849,  p.  534) ;  Raeiraky  (Oonipt.  rakLxm 
205  ;  Jabresb.  1847-8,  p.  240);  Baer  (Anu.  Ch.  PImuto.  Ixviii.  266;  Jahrrtb  mT-fc. 
p.  340);  Worlher  (Ann.  Ch.  Pharm.  Unii.  312;  Jalirwb.  l847-*i,  p.  419);  Lndwi| 

[  (Jahreab.  1847-8,  p.  339;  1849.  p.  230;  1852,  p.  361);  Flei tmann  ( Ann. Cb Phwm. 

^lxxii.231;  Jahroab.  1849,  p.  233);  HoTnoso  ^Ana.  Ch.  Pharm.  Ixxxiii.  98;  JahnA 
1862,  p.  318);  Marignao  (Ann.  Ch.  Pharm.  Uxxriii.  232 ;  Jahresb,  1863.  p.  U$ii 
Frespninit  (Ann.  Ch.  Pharm.  Ixxxri.  p.  216;  Jahresb.  1S53,  p.  322);  Bra&dM 
(Ann.  Ch.  Pharm.  Izzxviii.  272  ;  Jahrmb.  1863,  p.  881). 

MiTiPHOBPHOBic  ACID,  HPO»  =  ^|o«  -  ^^H ^  { ^»   ^^   H'O.P'O*.— Tim 

arid,  difioovenKl  by  Orahatn,  is  obtained,  as  alreadj  obserred,  bj  acting  on  pho>7horir 
anhydride  with  cold  water,  or  by  heating  orthopbosphoric  or  pyrophoephohc  Kid  to 
fedness.  Orthophosphats  of  ammoninm  may  be  subetitated  for  the  oitbopboi|ilififfw 
acid;  bat  it  ia  difficult  to  expel  the  last  traces  of  ammonia.  Met&phospboric  acid  it 
also  prepared  by  decomposing  some  of  its  salts  with  another  add,  sb  by  "^p'^ffg  tht 
lead-salt  suspended  in  water  to  a  current  of  sulphydric  nctd  gaa. 

MirtaphoHphoric  acid  in  the  solid  state,  as  obtained  by  eraponiting  its  solntkm  tmi 
hi>at.ing  the  residue  to  rfMlness,  or  by  boiling  ortho-  or  pjrophoaphonc  acid  to  ndasp, 
forms  a  transparent,  eolonrless,  glassy,  uncrystallisable  man,  which  diaaolTea  riovfj 
though  liomownat  abundantly  in  water,  forming  a  strongly  acid  liquid.  Its  aolvtios 
gives  white  precipitates  with  solutions  of  albumin^  nitratr  of  sifvrr,  and  ckioridd  </ 
barium..  The  lost-mentioned  precipitate  is  soluble  with  difficulty  in  a  largA  exnss  ti 
the  acid.  With  malyhdatt  of  ammonium  it  gives  no  precipitate  or  coloration,  until,  \»f 
the  action  of  the  free  nitric  acid  present,  it  has  been  £urly  conrerted  into  ortbopho*- 
pboric  add. 

Metaphosphoric  acid  is  converted  slowly  at  ordinary  t«nperature«,  qtiickly  U  tht 
lx)tliiig  beat,  into  orthopbosphoric  acid,  without  passing  through  the  intermediate Sligt 
of  pyrophosphoric  acid.  Aletaphosphoric  acid  volatiliaea  completely  at  a  bright  rai 
heat,  but,  according  to  H.  Rose,  its  composition  varies  daring  the  Tolattli«atioD,  thi 
luNl  portions  voUtilised  consisting  of  m^taphosphoric  acid  and  pbospfaorM  anhydride; 
but  inctaphoephoric  acid  cannot  be  completely  dehydrated  by  heat,  or  indeed  \rj  aaj 
known  process. 

Mftaphoapkates,'MVO'oTWV*0^,'~Theae  salu  are  produced:  1.  By  tmtiiif 
ihf'  acid  with  bases. — 2.  By  igniting  a  monometallic  orthophospbate  of  fixed  bsoM,  or  • 
dimetnllic  nrtbophosphate  baring  onn  fixed  and  one  Tolatile  bAae(amnionio-«odicpho»' 
phatc,  for  r^xnmpli-),  or  a  monometallic  pyropbosphato. — 3.  By  double  decompootio^ 
the  insoluble  mctHphnsphiitoa  uf  silv4-r,  Ir^l,  and  barium,  for  example,  firom  nMCa* 
phosphate  of  sodium,  and  the  ammonium-Halt  by  decomposing  metai^o^bate  of  lead 
with  sulphide  of  ammonium. — 4.  By  boiiling  trimctallic  orthopho«phates  or  diinetaDid 
P3rropho^hatei  with  the  proper  proportions  of  phosphoric  anhydride  or  acid ;  Urns — 

Na«PO*  +  P»0*  -  3NaP0». 
Na'P'O'  +  PH>»  -  4NaP0'. 
Mfttaphosphatea  may  therefore  be  regarded  as  anhydro-salts  of  orthophocphates  sad 
prrophosphatp«,  a  relation  further  exbibiteil  by  the  bfbaviour  of  sodio  or  calcic  tDeta* 
phosphate  when  heated  with  charcoal,  the  salt  then  splitting  up  into  a  trimetaOio 
ortbopbo«pbat«  irreducible  by  the  cliarcoal,  and  phosphoric  anhydride,  which  iadeeon- 
posed  by  the  charcoal  into  carbonic  oxide  and  pbospnorus  vapour  (p.  600). 

Metaphosphut^a  of  alkali-metuls  are  fusible,  soluble  siilta,  not  naoally  czyttaUioe. 
The  metaphosphatci  are  rcaflily  decomposed  by  other  acids:  thus  ctpd  acetic  acid  will 
decompose  metaphosphatc  of  sodium,  as  shown  by  the  fact  that  a  mixture  of  acetic  add 
and  metaphosphate  of  sodium  precipitates  albumin,  although  neither  roaseat  aepcfiMy 
will  produce  that  effect.  The  circnmstances  under  which  metaphoaphafea  an  een- 
rorted  into  pyropbonphates  and  orthophoi^pbatoB  have  been  already  considered. 

Modificatvms  of  Mrtaphotphates. — The  metJiphosphatea  are  remarkable  ftr  «• 
liibiting  vi>ry  different  properties,  apo^jrding  to  the  manner  in  which  they  are  pve^wssd. 
These  differenccR  are  generally  iittributed  to  polymeric  modificiitions.  the  formal*  ti 
which  are  determined  chiufly  by  Lho  rclutivc  numbers  of  atoms  of  the  two  bases  eoa- 
UiiitnJ  in  the  respectitc  donble  8a\ts. 
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a.  BexTnetaphosphaiea,  M*P*0". — Ordinary  mftaphcwphoric  acid,  obtained  by  th« 
brocesseB  above  described,  forms  double  salts  (K>ntaiDing  quantities  of  monatomic  metal 
in  the  ratio  of  6  at  to  1  at,  or  equiTalent  qoantities  of  diatomic  metal — the  calcio- 

■odie  salt,  for  example,  having  the  composition  Cfa'Ka^PO*)",  or  2NaP0"  6CaT*0». 
The  ordinary  eodinm-metaphosphate,  obtained  by  igniting  monoeodic  orthophosphate 
■ad  sadden  cooling,  fomu  a  vitreous  mass,  the  aqueous  solution  of  vhich  gives  gela* 
tinonfl  precipitates  vrith  the  salts  of  the  heavy  metals  and  allcaline  earth-metals. 

fi,  THmetaphospkates,  M'P'O*. — When  a  considerable  quantity  of  ordinary  fused  sodie 
metaphosphate  ia  alloired  to  cool  very  slowly,  the  salt  in  solidi^ing  acquires  a  beauti- 
itaUy  crvstalline  structure ;  and  when  this  mass  is  digested  in  a  slight  excess  of  warm 
vmter,  the  liqnid  separates  into  two  layers,  the  larger  stratum  containing  the  crystalline 
and  the  smaller  stnitum  the  ordinary  vitreous  aalt  The  solution  of  the  CTTstaUine 
variety  gives  hydrated  Grjrstalline  precipitates  with  salts  of  the  heavy  metala.  The 
foimaue  of  the  czystallme  silver-salt  thus  prodnced  is  3AgF0'.HH).  The  meta- 
pboaphoric  add  obtained  from  these  salts  forms  double  salts  containing  2  at  of  one 
monatomic  metal  to  1  at  of  another,  or  quantities  of  diat<muc  metals  equivalmit  to 
these. 

7.  Pimetapkotphates,  BfPK)*. — When  oxide  of  copper  and  a.slight  excess  of  aqueous 
phoephorie  acid  are  heated  together  to  360°,  a  arstalline  powder  is  formed,  insoluble 
in  water,  but  soluble,  with  the  fud  of  heat,  in  smphuric  acid  and  in  ammonia.  The 
corresponding  metaphosphatee  of  the  alkali-metals,  which  are  obtained  by  treating  the 
eop|)er-salt  with  sulphiae  of  potassium,  &c.,  are  soluble  in  water,  ciystallisable,  and 
eonverted  hj  heat  into  insoluble  salts.  These  metaphosphates  have  a  strong  tendency 
to  form  douole  salts,  all  of  which  contain  equ^  or  equivalent  numben  of  atoms  of  the 
two  bases.  For  example,  on  mixing  a  concentrated  solution  of  the  potassium-salt  with 
chloride  of  sodium,  or  of  the  sodium-salt  with  chloride  of  potassium,  a  crystalline  doubln 
•alt  is  obtained,  having  the  composition  NaKF*O.HK).  Again,  concentrat«d  solntions 
of  the  ammonium-salt  andcupric  chloride  mixed  together,  deposit,  on  addition  of  alcohol, 
bine  iaystalline  needles,  having  the  composition  (NH*)KJuT«0".2H»0. 

•.  Tetrametaphotphatea^  M*P*0'*. — Another  variety  of  metapbosphate  is  formed  by 
heating  phosphoric  add  with  oxide  of  lead,  bismuth,  or  cadmium,  or  with  a  mixture  of 
2  at  sodic  hydrate  and  1  at.  cupric  oxide.  The  lead-salt  ia  easily  decomposed  by 
alkaline  sulphides,  and  yields  the  corresponding  salts  of  the  alkali -metals.  The 
Bodium-salt  in  combination  with  water  is  viscid  and  elastic,  and  forms,  with  a  larger 
quantity  of  water,  a  gummy  mass,  which  will  not  pass  through  a  filter.  The  double 
salts  of  this  variety  of  metaphosphoric  acid  contain  equal  or  equivalent  numbers  of 
atoms  of  their  two  bases,  like  those  of  the  preceding ;  but  as  they  differ  in  physical 
properties,   it  is  probable  that  they  are  polymeric  with  the  latter,  the  sodio-cupric 

•alt  for  example,  having  the  composition  Ka'Cu'F'O'*. 

c.  MonometaphosphaUa^  HFO'. — Lastly,  there  is  a  variety  of  metaphosphates  dis- 
covered byMaddrell  (Hem.  Chem.  Soc.  iiL  373)  which  are  remarkable  for  their 
insolubility  in  water.  The  potassium-salt  is  produced  by  igniting  hydrate  of  potassium 
and  phosphoric  add  together  in  equivalent  proportions ;  the  ammonium-salt  by  beating 
dimetaphosphate  of  ammonium  to  250°.  These  metaphosphates  are  also  formed  by 
adding  phosphoric  acid  in  excess  to  solutions  of  sulphates  or  nitrates,  evaporating  to 
dryness,  and  heating  the  residues  to  316°  or  upwf^s.  They  are  crystalline  anhy- 
drous powders.     There  are  no  double  salts  of  this  variety, 

PtbophosphoeicAcid,H*P»0' «  ^^TW  ^  H«PO*.HPO»  -  2H»0JP»0*. 

—This  add,  discovered  by  Dr.  Clark  of  Aberdeen,  may  be  prepared  by  evaporating  a 
•olntion  of  orthophosphoric  acid  till  its  temperature  rises  to  216°,  but  the  product  is 
always  somewhat  contaminated  with  unchanged  orthophosphoric  add.  A  purer  product 
]■  obtained  bv  decomposing  pyrophosphate  oflead  with  sulphydric  acid,  and  evaporating 
the  filtrate  tall  it  attains  the  temperature  above  mentioned.  As  thus  prepared  it  forms  a 
•oft  glass.  Peligot  however,  found  (Ann.  Ch.  Phys.  [2]  Ixxiii.  286)  that  fused 
phosphoric  acid  (metapliosphoric  acid),  left  to  itself  in  a  bottle  for  several  years, 
durine^rhich  time  it  absorbed  water,  formed  at  the  top  transparent  crystals  of  ortho- 
phosphoric acid,  in  the  middle  a  mother-liquid  of  specific  gravity  1'?,  and  at  the  bottom, 
opaque  indistinct  crystals  of  pyrophosphoric  add  resembling  loaf-sugar. 

Pjrrophosphoric  acid  is  convert«d  int^  metapfaoftphoric  acid  when  heated  to  redness^ 
and  into  orthophosphoric  acid  when  boiled  with  water.     The  last  conversion  takes 

E!e  also  at  ordinaiy  temperatures,  but  very  slowly,  so  that  the  aqueous  acid  may  be 
t  nnaltwed  for  even  half  a  year  (Graham^.     Pyrophosphoric  add  in  aqoeoua 
ition  does  not  i^ecipitate  albumin^  chloride  of  oarium^  or  nitrate  of  tilvw,  but  after 
neutralisation  it  gives  white  precipitates  with  the  last  two  reagents. 
PyropAospAa^es.— Fyiopho^khoric  add-  being  tetrabasic  is  capable  of  fomung 
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four  classes  of  salt^  three  acid  and  one  Dcotn&lr  repr«eat«d,  in  the  case  of  nonMie 
xaeials,  by  the  formobe  : 

MFI'P^O',    M»H»PK)»,    M»m«0\    and    M*P«0'. 

The  neatral  pjrophoitphAtes  m&j  be  produced,  u  already  observed,  by  ignitlag  fia^- 
tAllio  orthophosphates ;  also,  by  neatmlifling  the  acid  with  baAes,  or  by  bea^a^uj 
form  of  phosphoric  acid,  or  a  metAph(«phate,  with  a  quantity  of  oxide,  hydrmt«  or  ar- 
bonate,  ORiflcient  to  fkroiflb  the  required  quantity  of  baae :  €,  ff,  — 

2HP0*     +     2NaK30«       -      NaTK)'     +     2CO«     +      H^O. 

2NaP0«    +     2NaH0        -       Na'PH)'     +     H'O. 
Acid  pyrophosphatea  may  be  prepared  hy  neutralising  one  quantity  of  the  aa'd  «ilki 
baae  and  adding  thereto  one-tnird,  or  one,  or  three  more  proportions  of  dad. 

Many  pyraphoaphateg  are  formed  by  double  decomposition.  Solotions  of  pyiiyliai 
phatea,  even  when  much  dilot^vl,  ^ve  precipitate^  vith  aalts  of  cWci'mim,  Aarv«Ji^  fawt, 
and  stiver.  The  prticipitntea  formed  by  acMiic  pyrophosphate  in  solutions  of  uijiyii, 
nicM^  and  some  uther  mptala,  are  double  aait«,  containing  2  at.  Bodium  to  3  aX.ilb» 
diutomic  metal  (p.  237):  e,  ff. — 

2Na'P'0»     +      SCn-CI'       «       CWa^PH)*'      +      eNaCL 
This  conHtitutiua  is  exhibited  by  most  of  the  doable  pyropbosphates,  and  aeeva  to 
favour  the  notion  that  t\\fMi  ttaUs  are  compounds  of  0rthopQO6pn»tea  aind  metAphofr- 
phiitca:  thuft,  Cu'Nan^^O'*  =-  Cu«i»0»  2NaP(H. 

Among  neutral  pyrophospbatea,  those  of  the  alkali-meUUa  only  ar«  »olable  in  v&tiv; 
their  frolutioos  haro  a  ulieht  alkaline  reaction,  and  cannot  be  boiW  without  conferaioB 
into  orthophofiphatofi.  The  othpr  aalt^  are  soluble  in  acids,  and  generally  in  on  *■&«•» 
uf  sodic  pyroplioephate,  forming  the  double  salts  just  mentiuned,  which  exhibit  a  pra> 
liar  behaviour  with  reagents.  Thus,  from  a  solution  of  ferric  or  mangsnoos  pyrophoa- 
phate  in  pyrophu.*iphate  of  sodium,  the  heavy  metal  can  scarcely  be  pr«eipit«ted  br 
aolphydric  acid  or  sulphide  of  ammonium.  The  in»oluble  pyrophcwphales  are  y)hihl*t 
atao  in  exoesa  of  the  hea^-y  mtitallic  salt  from  which  they  are  precipitated ;  the  aalitfioa 
in  precipitated  by  heat,  and  the  precipitate  is  not  rediasolTed  on  ooomig — as  ia  thacaiv 
with  orlhophofiphateH  und^r  nimitar  circumstAncee.  The  alkaline*earthy  pycophoa* 
phnt«s  ditHMjlve  with  difficulty  in  acetic  acid. 

When  a  pyrophosphate  coutaining  a  metal  reducible  from  its  oxide  by  heat  aloot  ii 
if^nited  in  a  stream  of  hydrogen^  the  m^tal  is  reduced,  and  water,  phosphoric  aci-l.  and 
other  phospborus'Componnda  are  separated;  if  the  oxide  it  irreducible  by  itaelt  bot 
reducible  by  hydrogen,  a  metallic  phosphide  is  formed,  while  water  and  Tarionaphoa- 
phoma-oomponnda  escape ;  if  the  oxide  ia  not  reducible  hy  hydivgen,  the  jnrn^tboa- 
phate  ia  resolred  into  an  orthophosphate  and  pbospboric  anhydride  (SM'P^O*  *• 
4M'P0*  -t-  1^0^),  which  latter  is  partly  decompoaod  into  phoaphoroafl  acid,  pboapiio> 
retted  hj'drogen,  and  red  phosphorus.    (Struve,  J.  p.  Chem.  Ixxix.  345.) 

The  other  reactions  bj  which  pyrophosphates  are  converted  into  o>rtho-  and  mala- 
phoephat4j8  hare  been  already  considered. 

Orthophosthobic  ACID,   H'PO*  -  ^,J0<  -  ^H»'(^.  o'   SHH).P«0».- 

Tbis  acid  ia  produced,  as  already  obtfcrrrKl :  1.  By  the  action  of  boilinff  wat«r  «■ 
phosphoric  anhydride,  metaphosphoric  acid,  or  pjrophoephoric  add. — 2.  Hy  tbeoo»- 
bustion  of  phospbort'tted  hydrogen  in  air  or  oxygfn. — 3.  ay  the  oxidation,  spoatascda 
or  otherwise,  of  hypopho*iphorous  and  phofiphorous  acida. — 4.  By  oxidising  phoapfaotoi 
with  nitric  or  hypochlorous  acid. — b.  By  decomposing  its  salts  willi  acids,  trscaieie 
phosphate  (bone-earth^  for  example,  with  sulphuric  acid,  or  phosphate  of  lead  viSll 
Hulphydric  acid. — 6.  By  the  action  of  wnter  on  phosphoric  oxycldoride: 

PCTO    +    3HK>     «     E'PO*   +    3HC1. 
Feutachloride  of  phosphorus,  acted  upon  by  a  small  quantity  of  water,  yields  i**V'-i'*»*— 
oxychloride : 

PCI«  +  H'O     -     2HC1  +  pa'o, 
wbidi  may  be  converted  by  a  lai^er  quantity  of  water  into  phosphorie  add.     . 

Prrparatwn. — 1.  %  thf  action  of  Ai/Wc  Acid  on  PhoMphurus. — One  part  d 
phosphorus  is  heated  in  a  retort  with  ab4)ut  15  pts.  of  dilute  nitrio  acid  of  spfcifla 
gravity  12  until  it  in  dimolred.  The  distillate  which  containa  some  phoapboroos  and 
is  then  returned  to  (ho  retort,  und  the  entire  liquid  ia  eraporated  down.  At  a  ontain 
degree  of  concnatration,  a  very  conNitJerable  effervescence  occurs,  due  to  the  oxidatiMi 
of  the  phosphorous  acid  into  phosphoric  acid.  Small  quantities  of  nitric  aod  ave  UhA 
added  from  time  to  time,  until  the  last  addition  no  longer  produces  efferveeoeaoe.  ifbv 
which  the  liquid  is  eyaporated  to  ex^\  the  tvAir\c  add.  U  Viift  ^Tuuanlian  ia  earned 
so  £ir  as  to  prodace  pyrophospboric  or  ewu  m*fVii^\\.\rt:^\iorvt  wsA^Voa  -wKA%%\kNa\n 
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oUrd  for  a  short  time  in  watoT.  wbervby  theso  last  two  Jidda  are  roooavezted  into 
rthopboephoric  acid. 

2.  From  Bont^ash. — Bone-awbk  la  decomposed  bj  sulphtiric  add,  aa  described  oo 
^500.  and  thf*  acid  solution  filtered  from  the  insolabli*  gypsum  is  concentrate  to  a 
all  bulk  and  mixed  with  ntore  sulpliuric  acid,  wherebjr  a  further  prrctpitate  of 

'gypsum  in  formed,  which  after  dilution  with  wattr  \s  sepamted  by  straining  through 
linen.  This  operut ion  of  evaporation  to  a  small  bulk,  treatment  with  sulphuric  acid, 
dilation  with  wutt^r,  and  filtnition,  is  rcpcalf^  a  secund  and  evtn  a  third  time,  till  the 
lime  is  coDipletfly  reuured.  The  acid  is  next  eraporated  to  a  STrup,  and  gently 
ignitnl  to  expel  the  sulphuric  acid.  The  residue,  which  still  contains  magn««ia  and 
■oda,  deriTed  from  the  bi^e-aah,  is  fre^d  from  the  gr<>a.ter  part  of  these  impuritiea  by 
solution  in  boiling  water,  concentration,  and  heating  fur  about  half  an  boar  to  316^, 
A  whitp  powder  then  separates,  conKtsting  of  sodio-maguexic  metaphosphate,  SMg'T^'O', 
2NiiP(>'.  The  «yrupy  mfl<is  in  left  to  cool,  afterwards  disaolvcd  in  cold  water, 
und  the  liquid  is  tiltored.  The  filtrate  when  boiled  constitutes  a  solution  of  ortho- 
phosphoric  acid,  contaminated  with  a  trace  of  sodium,  but  otherwise  pure.  To  obtain 
a  perfectly  pure  phosphoric  acid,  recourse  must  be  had  either  to  the  oxidation  of 
phoHphuruR  with  nitric  acid  or  to  the  following  proceea. 

3.  Frv7n  PntUichloridt  of  Photphortu. — <7hlonne  u  pa«ed  in  excoas  through 
phoftphorus  melted  under  water,  whereby  pentachloride  of  phosphorus  is  produced,  sod 
inimediultily  docomposed  by  the  water  into  hydrochloric  and  orthophosphoric  adda: 

PCI*   +   4H^0     -     HTO'  +   6HCI 

The  phosphoric  acid  may  be  freed  from  hydrochloric  add  by  ebullition. 

Propertieji. — Orthophosphoric  acid  may  bo  obtAincd  in  hard,  transparent,  prismatit. 
rrystol**,  by  concentrating  its  solution  to  a  thin  syrup,  and  then  allowing  it  to  stand  for 
soma  time  ovrr  oil  of  ritriul. 

According  (o  Schiff  (Ann.  Ch.  Pharm.  cxiti.  183),  the  specific  gmrity  of  the 
aqueous  solution  T&riea  with  its  strength  in  the  manner  shown  by  the  following 
table : 


ktanof 

6     . 
12     . 

18      . 


Specific  gravfiT 

i-oasa 

10688 
11065 


Percentage  of 

24  . 
36  . 
64      , 


SfwclBc  iTTavUjr 
at  I  ft**. 
1-1463 
1-2338 
1*3840 


The  aqneous  solution  may  be  heat^  to  1Q0°  without  altering  the  character  of  tha 
add ;  but  at  213^  it  is  conrerted  prindpally  into  pyrophospooric  acid,  while  above 
this  Temperature  metAphusphoric  acia  b^^ins  to  be  formed,  and,  after  the  apphcatioa  of 
a  full  red  heat,  constitutes  the  entire  residue. 

AqucDUs  ortbopboflphoric  add  has  a  strong  acid  reaction,  and  at  a  boiling  heat 
decom|xweti  the  salts  of  must  volatile  acida.  It  does  not  prodpitate  solutions  of 
albumin,  chloride  of  barium,  nitrate  of  silver,  or  ferric  chloride,  until  completely  or 
partially  neutralised,  when  it  gives  the  reactions  presently  to  be  described. 

Orihophoaphatfs.—  yiH'I'O*    iind  M'H*P*0*,  m&n&nutailic  or  diadd    §aUs; 

M'HPO*  and  M"HPO\  dimrtailic  or  motioacid  saU* ;  M'PO»,  fl'P'O*,  and  MTO*, 
tritrutaliic,  neutral,  or  normal  galU.  There  are  also  superbasic  orthophosphates^  many 
of  which  occur  as  natural  minerals  —f.  g.  green  ironstone,  Fe*'PO*.Fe  "H"0' ; 
turquoia,  Al'"PO*.Ar''H*0».H«0. 

Many  other  phosphates  are  also  found  in  nature,  though  rarely  in  a  state  of  purity; 
ihcy  fr*''quently  occur  mixed  in  rorious  proportiuns  with  amenates,  with  which  they  are 
iaumarphous.  Several  native  pboapbates  arc  found  in  combination  with  fluorides  or 
chlorides — the  apatites  and  waffneritr*^  for  example.  H.  Deville  and  Carou  ^Ann. 
Ch.  Phorm.  cix.  242)  have  prepared  crystalliaed  compounds  of  this  kind  by  igniting  a 
trimetallic  phoaphate  with  an  excess  of  the  corre«-ponding  chloride  or  fluoride,  and 
washing  out  the  excess  of  the  chluride  or  fluoride  from  the  crystallised  compoun<^ 
which  geparatea  on  cooling. 

The  phoaphatofl  of  the  alkuli-metala  are  usually  prepared  by  Inciting  phoAphorie 
acid  <ir  dicalcic  phosphate  (superphosphate  of  lime)  with  alkidine  hydratea  or 
ciirbonates,  Dicalcic  phosphate  boiled  with  solution  of  sodic  carbonate  yields  the 
ordinary  diaodic  phosphate,  and  from  this  the  monosodic  and  triaodic  salts  are 
obtained  by  the  addition  of  phosphoric  acid  and  caustic  soda  respectively.  The 
potaaaium  and  ammonium-salts  may  bo  propJired  in  a  similar  manner.  Insoluble 
phosphates  aro  prepared  by  precipitating  soluble  salta  of  the  reepedive  metals  with 
alkali  lie  pho9pbat.es, 

Among  trimutaliic  phosphates,  those  only  of  the  alkali-metala  are  soluble  in  water. 
The  Bolutiona  have.a  stioog  alkaline  reaction,  whence  these  salts  were  formerly  called 
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hoMie  pko9pkaif9 :  thoy  arc  decomposed  even  by  otrbomc  acid,  prodoeing 
alkaline  carbonate  and  (limet&Ilic  pbottpliate :  r.g. — 

Ka»PO«   +   H'CO*     -     Na»HPO«   +   NaHCO*. 

Among  dimetallic  phosphates,  those  of  the  aUuli-meUla  are  snioble  in  wiur   T^ 
are  often  called  ntvtral  pkofphatra,  though  their  iolutions  baTi*  a   feebtj  ^IbJo* 
reaction.     The  remaining  dimftultic  phosphatea  are  tuibtuble.  and  gcnermiXj  ii 
compoundA,  which  hare  a  irtruug  tunueDOjr  to  decompocte  into  soluble  mooonuciUie  lat 
niftomble  tTimetallio  salts. 

The  ntonomrtallic  pboHphatea  arc  all  solable  is  water«  forxning  atron^j  acid  eels- 
tions.  Most  crimetaUic  phosphates  diseolve  to  a  greater  or  less  extent  in  aqwoM|i|i»: 
phoric  nitric,  and  hydrochloric  adds,  being  nrobablT  oonrertod  at  the  bsjbs  bneim 
moDometallic  ealta ;  but  monometallic  pho^oatea  oi  the  h^Arj  metala  are  not,  oai^ 
in  a  few  mstances,  known  u  definite  compoonda. 

Under  ordinary  circumstancee  the  heavy  metals,  silver  and  lead  fur  instaoee,  ftn 
^  only  one  daasof  orthophnHphates,  vim,  the  tn'mptallic  phoephatea;  conscqasntlj,  vlka 
a  solution  of  a  mouometallic  or  dimetallic  phoephnte  of  alkali-metaJ,  which  is  ailbv 
neutral  or  slightly  alkabne  to  tet»t-paper,  is  added  to  a  perfectlif  neutral  aolatioo  d 
filtrate  of  silver,  or  other  heavy  metallic  salt*  a  precipitate  of  tnmet&Uic  phosphate  ii 
produced,  and  free  acid  passes  into  the  solutioni  so  th^  the  liquid  acquires  a  strong  seid 
reaction  ;  e.  ff. — 

NaH'PO*  +  aAgNO"    «    A^PO*     +   NaNO*  -f-   2HjrO«. 
Na'KPO*  +  3AgN0«    .    Ag»PO*  +  2NaN0*  +   HKO". 

Rractions. — 1.  Soluble  orthophoaphates  give  with  nitrate  of  tilver  a  lamon-ydM 
proeipitttttf  of  triurgentic  phosphate,  Ag'PO*,  soluble  in  nitric  acid  and  in  ammonia. 

2.  With  acetate  or  nitrate  o/ttad  they  form  a  white  precipitate  of  triplumbic  pfacapj 

P^PK)*,  insoluble  in  ammonia  and  acetic  arid,  soloble  in  nitric  acid.      If  a  chlctriiW  ii 
present,  the  precipitate  contains  chloride  of  lead  cliemically  combined  with  the 
phate.   Phoephnte  of  lead  fused  before  tb^*  blon*pipe  forms  a  crystalline  bead  on 

3.  With  the  chi^rridejs  vf  barium    and  caicium,  onhophoaphates    give    white   ^_ 
cipitates  of  dimetallic  phofiphates,  B&11P0*  and  Ca'HPO*.  easily  soluble  in  jotht, 
hydrochloric,  and  acetic  acid. 

4.  With  trulpiatc  or  chforidc  of  nuiffne^umj  to  which  ammonia  and  chloride  nf  jub* 
roonium  have  been  addi^d.  they  give  a  white  crystalline  precipitate  of  amraonio-msf* 
ftasian  phosphate,  <KU*)'M^I^)M*2H*0,  easily  soluble  in  all  acids,  sligblly  sol^ 

[  In  pure  water,  but  abeolutely  msoluUi^  in  water  containing  free  ammonia,  even  in  f««sact 
of  exceee  of  ammoniacal  salts.  In  very  dilute  solutions  the  precipitats  ioriBB  vny 
slowly :  its  deposition  is  accelerated  by  soatching  with  s  glass  rod  the  inside  of  the  Tosd 
containing  the  solution. 

5.  With/rrr*c  chi/rride,  solublt*  orthojihosphnfes  give  a  yfllojrish-white  precipataC*  irf 
ferric  phosphate,  Fe*'PO*,  soluble  in  hydrochloric  arid,  in  excess  of  ferric  chJondr,  is 
ferric  ttootate,  iim!  in  ammoniii,  but  ab»olat«ly  insoliiblr^  in  acetic  acid  ;  so  that  it  fbnu 
whpn  ucrbtte  of  sodium  is  added  to  its  solution  in  hydrochloric  acid,  or  when  aoetsle 
of  sodium  and  a  little  ferric  chloride  are  added  to  the  solution  of  &q  aik&line-eartfaj 
phosphitte.* 

6.  Uranie  nitraU  behaves  with  soluble  ortbophosphates  in  the  same  manner  ss  ferric 
salU. 

7.  MrrcurouM  nitrate  gives  with  lotnbls  ortbophosphates  a  white  predpitsie 
easily  soluble  in  nitric  acid.  If  the  solution  of  any  orthophosphate  in  excosa  of  niirir 
a^id  ia  cvrip<fnit<>d  over  the  wal«r-b«th  to  complete  dryness  witn  exccea  of  metallic  m^r 
cur}*,  and  th^  dir  ri-tiidiie  (which  contains  no  free  acid)  is  treated  with  water,  all  th# 
motuls  contuinen  in  the  phosphates  are  dissolved  as  nitnites,  while  the  whole  of  dio 
{4ioftph4>ric  acid  remains  undissolwd  as  mc*rcurou8  phof^phnte.  Tbis  reactioo  ii 
employed  by  H.  Ruse,  for  the  separation  of  phosphoric  acid  from  all  metmls  exetpt 
mercury. 

8.  Wiih  nitrate  *\f  hiamuih^  soluble  ortbophosphates  give  a  white  preapitats  ol 
bi!«muth -phosphate,  Bi*TO\  insoluble  iu  dilute  nitric  acid. 

y.  "fliTien  a  solution  of  mdybdatr  of  ammonium  is  added  to  the  eolutton  of  any  ortbo- 
phoaphatp  contiiiniug  free  nitric  and,  and  the  whole  is  heated,  the  snlution  imraedintelF 
ttims  yellow,  and  h  bright  yellow  precipitate  of  phoephomolybdate  of  ammonium  t* 
formed  either  immediately  or  after  some  time.  This  precipitate  is  insoluble  in  acida, 
soluble  in  ammonia  or  iu  exceas  of  the  phosphate ;  hence  this  reaction  i»  peculMriy 
fitted  for  the  detection  of  small  traces  of  phosphurio  acid  (as  in  minei&ls,  soils,  or  tlis 
depoeits  from  mineral  springs). 

*  Artenlc  r.ctd  pxhltilti  Ihfi  rrartion  m  wpU  aa  p>inaphnrlc  scid  :  «nd  tlurelnhmi-tftlU 
under  Uw  tuse  dfcuraiUaceip  Ibougli  not  fo  completely  u  (cr rlc  ulti. 


( 
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^^r  For  the  deU*ction  of  urthophosphoric  acid  in  neutml  or  lUk&Iine  nolutions,  chloride  of 
^HHrnvTnivm,  ammonia,  and  a  tnagnfMittm'fifOt  aregenarally  employed — in  an  acid  aolution. 
^Kfgrric  chhridt  tLaA  acetaU  of  sodium.  Tbo  most  delicAtP  reagent  of  all  in  moiyhdaU  of 
ammonium.  Arsenic  acid,  vhich  cxhiVtiU  ail  tbea«  reoctiona,  is  eastljr  distiDgiiiabed 
from  phusphuric  acid,  nnd  if  pivsent.  may  be  eotircly  removed,  by  ptiBsinf^  sulphydric 
acid  gas  through  the  flolutioo  prcrioDsly  mised  trith  sulpburouB  arid  (L  638).  Mi<ta- 
phosphoric  eoid  pyrophosphoric  acida  &re  diatiiigniiihed  from  orthophoffphorio 
acid  by  their  reactiou  with  nitrate  of  silver  (tho  funner  also  by  its  proper^  of  coagn- 
latioi;  albumin,  p.  536);  also  by  molybdate  of  animoDium,  with  which  ther  do  not 
prodao*  any  vpIIow  ])refipitate  or  coloration  until  ihcjr  are  converted  by  th«  n*«  nitric 
acid  pnwiit  juto  orthophuepboric  ackl. 

Tnmetallic  orthophospbat«s  of  fixed  bases  arp  not  at  all  decomposed  by  ignition  ; 
dimetallic  and  monometallic  phosphates  are  converted  by  ignition  into  pyrophosphutefl 
and metaphosphatra  respectively.  ThetrimetallirphoEphatesofalkali-nietiilB  andalknlina 
earth-mctalfl  are  not  decomposed  by  ignition  with  charcoal,  but  the  mono-  and  dimetallie 
phoephatea  of  these  bases  are  decompoaed  into  trimctallic  pho^pbates  und  free  phosphorus 
(p.500).  Th<*  trimetallic  phosphates  of  the  heavy  metals,  on  the  contrary,  are  decomposed 
t^  ignition  with  charcoal,  generally  yielding  metallic  phosphides ;  but  the  lead-salt  yields 
metallic  lead  and  phosphorus- vapour.  The  several  phosphatesof  mogneaiam  when  heated 
with  cliareoal  give  off  phujfphnrus  nnd  leave  magnesia.  PotasMum  or  sodium  bested  with 
phosphates  effi>ct«  a  rt-duotion  of  the  salts  and  formation  of  a  phosphide  of  the  ulkali- 
TOetal,  which  gites  off  pbosphoretted  hydrogen  when  moiatenod  with  water.  The  alka- 
line-earthy phosphates  are  only  partially  deccmposed  by  fusion  with  an  alkaline  car- 
hofiatf,  while  most  other  insoluble  pbotiphates  {f.ff>  those  of  magnesium,  rine,  copper, 
mangnoesf^  anil  iron)  are  completely  decomposed  by  this  ui>-ai)s;  tlie  fused  masa 
always  coutains  orthopboepboric  acid.  By  boiling  in  tt  solution  of  caustic  alkali 
or  alkaline  carboniite  the  insoluble  phosphates  are  only  partially  or  not  at  all  diM.'oni- 
posed.  Phosphate  of  aluminium  can  only  be  decoronosea  (in  the  dry  way)  by  fusioo 
with  ita  own  weight  of  silica,  and  six  times  its  weight  of  sodio  carbonate. 

Qumntitalive  Analysis  of  Phosphates :  Estimation  and  Separation  of 

Phosphoric  Aoid. 

1.  Estimaiifm  by  means  of  Lead-oridt. — When  phosphoric  acid  exists  in  a  solution 
containing  no  fixed  base,  and  no  other  Hcid  except  nitric  acid,  it  may  be  estimattKl 
by  adding  a  known  weight  uf  lead-oxide,  then  evaporating  and  calcining  in  tho  niAnnrr 
uLri-ady  dcscnbed  for  the  estimation  of  hypophosphorous  acid  (p.  624).  This  method 
is  directly  ttppltcublc  to  the  estimation  of  phot^phoric  acid  in  all  its  niudifications. 

3.  £y  preripitafi^m  as  Ammonio-maonesian  PhoxphaU. — The  precipitation  of  ortho- 
pbosphonc  acid  from  an  aqueous  solution  in  which  it  exifits  in  the  free  state  or  com* 
nined  with  an  alkali,  ir  be*it  effected  by  the  addition  of  sulphate  of  magnesium  and 
excess  of  ammonia,  chloride  of  ammonium  being  Ukewise  added  to  prevent  the  precipi- 
tation of  magnesia  in  the  funn  of  hydmte.  The  phosphoric  acid  is  then  precipitated  as 
ammouio-magnesJATi  phosphate,  (NU*)'Mg^i'*U\  The  precipitate  does  not  settle  down 
at  once,  but  its  deposition  may  be  accelerated  by  leaving  the  veasel  in  a  warm  place. 
Care  must  be  taken,  however,  not  to  allow  the  Lquid  to  become  very  hot,  as  in  that 
caae  hydrate  of  magnesium  will  be  precipitated,  and  will  be  very  difficult  to  rediasolva. 
The  precipitate,  after  standing  for  about  two  hours,  is  collected  on  a  filter  and  washed 
with  water  containing  ammonia,  as  pure  water  decomposes  it.  It  is  then  dried  and 
ipnitpd,  whereby  it  is  converted  into  pyrophosphate  of  magnesium,  Mg'O.PH)*  or 
Mj^'^P'O'.  containing  63-67  per  cent  of  phosphoric  anhydride,  P»0*,  and  2798  per 
cent,  of  phoephoruH. 

If  the  phosphoric  acid  is  in  the  state  of  meta- or  pyrophosphoric  acid,  it  must  first  ba 
converted  into  the  orthopbosphoric  acid  by  fusing  the  sail  wit  n  five  or  six  times  its  weight 
of  carbonate  of  t^odium.  or,  K-tter,  with  a  mixture  of  carbonate  of  potassium  and  car- 
bonate of  sodium  in  equivalent  proportions,  which  fuses  at  a  much  lowAr  t^mperatoro. 
By  this  fusion  with  exceas  of  an  alkaline  carbonate  the  phoin>horic  acid  is  in  most  cases 
completely  separated  from  any  other  base  with  which  itnuy  be  combined,  and  converted 
into  n  tn'basic  phosphate  of  the  alkali-metal,  which  may  then  be  treated  as  above. 
The  conversioTi  muy  also  be  effected  by  prolonged  boiling  with  water,  acids,  or  alkalis. 

3.  As  FhijsphaU  cf  Bismuth. — In  asolution  free  from  sulphuric  or  hydrochloric  acid, 
phosphoric  add  may  be  corr«?tly  estimated  by  precipitation  with  nit  rate  of  bismuth.  The 
preri pi tate(?oneiflt«ofbismath-pho^phate,Bi'"PO* or Bi'0'.PK>\ containing  23-28  percent. 
P-0*.  Pyrophosphoric  acid  is  also  completely  precipitated  by  nitrate  of  bismuth,  the  pre- 
cipitate 2Bi'0'.MP-0'  contnining  .11 '28  p»T  cent.  P*0*;  metaphosphoricucidmust  be  con- 
verted into  orthopboBphoric  acid  by  boiling  with  nitric  acid.  Sulphuric  and  hydro- 
chloric acids,  if  preoent,  most  be  removed  by  precipitation  with  chlorido  of  barium  and 
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nitrote  of  silver  rftspectiToly.  the  f*xcf«s  of  uilrerin  the  Utter  cas*  being  tba 
tiitwl  by  sulphydric  acid.     If  tbe  solution  cootuina  iron  in  th«  sX^te  of  fenie 
pllo^[^hilte  of  bismuth  ia  but  slowly  precipital*^,  and  always  contain*  iron,  bat  tlui 
of  error  may  be  (ibriar«d  by  reduciug  The  ferric  oxide  to  ferrous  oxide  (beat  vii 
phydric  add) ;  the  procesa  ia  thus  rendered  arailnhle  for  the  eatimAtioD  of  phospbont 
acid  in  soiLp,  copronten,  iron  ores,  &c,  (Chancel.  Coropt  rend.  L  416;  \L  882|,    Ae- 
curding  lo  M 'Curdy,  Brush,  and  Johnson,  bowerer  (8ilL  Am.  J.  [2]  ixzl 381; 
Jalirt^sb.  1861,  p.  82'3X  the  alumiDH  in  iuch  ffubstancea  introdncea  a  Bimilar  ems,  tai 
the  proce«t  ia  hxeirise  iniipplicable  to  solutions  containing  chromic  or  imnic  ooddt 

4.  Estimaeion  bjf  meatu  of  Stannic  Oxide. — This  method,  first  propoaed  by  B«yD«it 
(Ann.  Ch.  Phann.  Ixxx.  364  ;  Jahre^b.  1861,  p.  613).  depends  on  the  inaolabilitT d 
■tauuic  phosphate  in  nitric  acid.  A  known  weight  of  pur^^  tin-foil,  &nd  the  fohaaan 
in  which  the  phosphoric  acid  ia  to  be  dt*t«rminM,  are  treated  simultAneoosIr  with  a 
ssoeu  of  nitric  acid ;  the  liqtiid  is  filtered  as  soon  as  the  tin  is  completely  oxiaiaed,«d 
the  residue  is  wushed,  dried,  and  calcined.  Its  weiffht.  diminiflhod  b^  that  of  the  sUatk 
oxide  formed  from  the  weight  of  tin  employed,  givea  tbe  quantity  of  phoaphorie  anl^- 
dride  preacut.     The  nitric  acid  aolution  contaimi  all  the  basea  present. 

In  calcining  the  sLauuic  phosphate,  care  must  be  taken  to  allow  free  aocea  of  air.  m 
otherwitte  part  of  the  stannic  oxide  may  be  rednced  by  the  c&rbonactooa  nutter  of  the 
filter  or  of  the  fiame ;  to  avoid  such  aoorces  of  error,  it  is  be^t  to  moiaten  the  nam  with 
nitric  acid  before  calcining.  It  ia  also  necessary  that  the  tin  be  quite  pore  and  addsd 
in  ron.sidt'rable  excess,  equal  to  eight  or  ten  times  the  weight  of  the  phoephoric  aeid  t* 
be  (!sitiTnut<.Hl. 

A  modification  of  this  method  propotfed  by  Reiasig  (Ann.  Ch.  Phann.  zcriii.  SS9; 
Jaltre»b.  1866,  p.  726)  consists  in  aissotving  the  washed  prt^cipitate  of  stannic  nb<»^ 
phate  in  caustic  potash,  diluting  with  wat«r,(uiturating  wilhsulphydric  acid,  and  adding 
an  excess  of  acetic  or  dilute  sulphuric  acid,  which  precipitates  tlie  tin  aa  stannic  sulphide 
The  phosphoric  acid  remnine  dissolved,  and  may  be  precipitated  frum.  tho  filtnte  ■• 
ammonio-mngnefiian  pho»phtfte. 

Prrripitation  btf  Uranie  stilts. — Thin  methcd,  Erst  proposed  by  X>econte  (Compt 
rend.  xxix.  65:  Jaliresb.  1849,  p.  672;  1863,  p.  642),  and  afterwards  modified  Ij 
Arendt  and  Knopp  (J.  pr  Cliem.  Ixx.  386;  Jahresb.  1866,  p.  728),  coa«i.>t9  inpre> 
cipitattng  the  phosphoric  acid  by  a  solution  of  uranic  scotate.  This  solutioQ,  prepirrd 
by  precipitating  uninic  nitrate  or  chloride  with  ammonia,  and  dissolving  the  ppecipil»l<t 
in  acetic  ncid,  without  previous  flltnition,  is  added  to  the  solution  containing  the  pba%- 
phuri^*  a/'id,  which,  if  it  contuinK  inorganic  acids  (it  is  best  to  diasolve  the  phosphate  ia 
nitric  or  hydrocltloric  a4'id'),  hhoiild  be  preriou«tIy  mixod  with  acetate  of  sodium.  Oa 
heating  th*"  mixturt«,  a  vcUuw  precipitate  is  formed,  consisting  of  aminonio-uraaic  phi»- 
phnt«.  which  is  reduced  by  ignition  to  onnic  pyrophosphate,  217K>'.3P*0*.  The  biMi 
prcviouuly  combined  with  the  phosphoric  acid  remain  in  solution,  tbe  pboephAM 
of  diatomic  metals,  barium,  cHh-ium,  magnesium,  &p.,  being  eaaily  deoompoaed  in  Uns 
manner,  and  even  aluminic  and  ferric  phosphates  being  deoompoaed  by  proUmged 
heating  with  a  large  exceaa  of  unmie  acetate  in  presence  of  scetHte  of  ammonium  and 
free  acetic  acid ;  but  the  method  ia  not  much  ustrd,  un  ^lccount  of  the  great  difilculty  of 
thoroughly  washing  the  precipitate  of  ammunio-aranic  phoe^phnte. 

8.  Estimation  Ay  means  af  FtTrie  tudt*. — This  metho»i.  pruposed  by  Berthier.  coo- 
aiats  in  adding  to  the  scJution  of  t-hc  phosphate  a  solution  of  ft^rric  nitrate  or  chloriit 
containing  a  kiiuwu  quantity  uf  iron  (best  prepired  by  dissolving  a  known  weight  of 
clean  iron-wire  in  nitro-muriatic  add),  and  precipitating  by  amtnonia.  The  precipitate, 
consisting  of  ferric  phosphate  with  excess  of  ferric  oxide,  is  carefully  Wftshed  with  bt4 
water,  then  dried  and  ignit^^ ;  its  weight,  diminished  by  that  of  the  ferric  oxide  piif 
duced  from  the  known  weight  of  iron,  gives  the  quantity  of  phosphoric  utbydnde 
present. 

It  is  important  to  um  an  excess  of  iron  (at  least,  I  pt.  of  iron  to  2  pta.  uf  pboapboric 
anhydride  to  be  estimated),  otherwise  a  phosphate  of  iron  will  be  formed  whidi  dis- 
solves in  ammonia.  Bnt  even  when  the  proper  quantity  of  iron  i^  added,  there  is  still 
a  loss  of  ferric  oxide  during  thr*  washing  of  the  precipitate,  the  wa^h-water,  wbethtf 
pure  water  or  water  containing  ammonia  be  used,  being  always  more  or  lesa  oolcured: 
nence  tliii*  mothn<l,  iu  the  form  alxjve  described,  cannot  bo  depended  upon  when  grrs! 
nccuruev  \h  re^^uired.  For  tho  prceipitnlicm  of  pyrftpho^phoric  acid,  a  still  lai^rqoan 
tity  uf  iron  is  required  than  for  orthophosphoric  acid. 

Much  more  exact  resnlt^  areohtiiinod  by  nciirly  neutralising  the  liquid  containing tha 
phu!rphnri<*  acid  and  the  ft^rric  salt  with  hu  allculi  or  alkaline  carbi'>nate,  then  adding  a 
connderuble  quantity  of  aodic  acetate,  and  boiling.  The  whole  of  the  phosphoric  acjd 
and  iron  are  therebv  precipitated  as  basic  ferric  phottphnte,  mixed  with  baaic  ferric 
acetate,  while  thfl  solution  becomes  perfectly  colonrless.  an<l  doe*  not  retaifi  a  tiace  nf 
in>n.     The  liquid  is  then  to  be  boiled,  fiUurei  while  btrll  hut,  and  vra!«htHj  witli  boiling 
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■  eontaiaing  a  little  acetate  of  ammonium.  The  washed  precipitate  ib  dried  and 
calcined  in  a  platinum  crucible,  the  residue  then  moistened  with  a  little  nitric  acid, 
heated  again  and  weighed,  and  the  quantity  of  phosphoric  anhydride  calculated  as  before. 
The  meUiod  thus  modified  may  be  used  for  the  separation  of  phosphoric  acid  from 
iMljta,  Btrontia,  lime,  and  magnesia. 

Another  modification  of  Berthier'a  method  introduced  hj  Kobell  (J.  pr.  Chem. 
zzztL  301 ;  Jahresb.  1849.  p.  666)  consists  in  precipitating  the  solution  of  phosphoric 
•cid  and  ferric  oxide  with  carbonahf  of  barium  instead  of  ammonia.  The  washed  and 
dried  prncipitate  is  weighed,  then  dissolved  in  hydrochloric  acid,  and  the  barium  ia 
predpitatea  by  sulphuric  acid.  The  weight  of  barytic  sulphate  thus  obtained  gives,  by 
calculation,  the  quantity  of  barytic  carlxmate  added ;  and  this  weight,  txigether  with 
that  of  the  ferric  oxide  deducted  from  the  total  weight  of  the  precipitate,  gives  the 
quantity  of  phosphoric  anhydride.  This  method  may  be  used  for  the  separation  of 
phosphoric  acid  from  all  bases  which  are  not  precipitated  by  carbonate  of  barium. 

7.  By  Ceric  saits. — A  solution  of  eerie  nitrate  or  sulphate  produces  in  the  nitric  acid 
Volntion  of  any  phosphate,  e.ff.  calcic,  ferric,  uranic,  or  aluminic  phosphate,  a  white  »r 
sl^lUly  yellowish  precipitate  of  ceric  phosphate  of  constant  composition  and  insoluble 
in  the  acid  liquid.  (Damonrand  H.  Devi  lie,  Inatit  1858,  p.  69;  Jahresb.  1858, 
p.  6»3.) 

Volumetric  Methodt. — ^TheTolumetric  process  most  generally  used  for  theeatima- 
tlon  of  phosphoric  acid  is  that  of  Li  eb  i  g,  which  depends  upon  the  insolubility  of  ferric 
phosphate  in  acetic  acid.  The  solution  containing  the  phosphoric  acid  is  mixed  with 
acetic  acid  or  acetate  of  sodium,  according  as  it  is  neutral  or  acid ;  and  a  solution  of  ferric 
chloride  or  ammonto-aluminic  sulphate  (ammonia-alum)  of  known  strength  is  added,  in 
quantity  just  sufficient  to  precipitate  the  whole  of  the  phosphoric  acid  as  ferric  phos- 
phate (Fe='0*.PK>  or  Fe'*PO*).  The  chief  difficulty  in  this  process  is  to  determine 
the  moment  when  the  precipitation  is  complete.  For  this  purpose,  Liebig  places  a 
drop  of  solution  of  ferrocyanide  of  potassium  on  a  piece  of  white  filter-paper,  leaves  it  to 
apread,  then  lays  another  piece  of  filter-paper  over  the  first,  and  placesonita  drop  of  the 
liquid  to  which  the  ferric  phosphate  has  been  added.  This  liquid,  in  passing  through 
the  paper,  parts  with  the  ferric  phosphate  which  it  holds  in  suspension,  before  it  comes 
in  contact  with  the  solution  of  ferrocyanide  on  the  lower  piece  of  paper :  hence  no 
blaeing  of  the  latter  will  take  place,  unless  the  liquid  contains  an  excess  of  ferric 
chloride.  The  addition  must,  therefore,  be  continued  till  a  faint  blueing  of  the  ferro- 
cyanide inst  begins  to  take  place.  This  method  is  used  by  Liebig  for  the  estimation 
of  phosphoric  acid  in  urine. 

Baewsky  (Jahresb.  1847-8,  p.  945)  adds  an  excess  of  the  ferric  solution,  ooUccto 
the  precipitated  ferric  phosphate  on  a  filter ;  dissolves  it,  after  washing,  in  hydrochlorie 
add ;  and  determines  the  quantity  of  iron  in  it  by  Kargueritte's  method  with  per- 
manganate of  potassium  (i.  263) ;  and  thence  calculates  the  quantity  of  phosphoric  acid 
fiom  the  fi)rmala  Fe'^FO*. 

General  Methods  of  $eparaiing  Pkoephoric  Acid  from  Bases, 

A  ByMfTcunms  Kitratr. — This  reaction,  already  mentioned  (p.  642),  affords  the  meana 
of  separating  phosphoric  acid  from  all  bases  whatever.  The  phosphate,  or  mixtore  of 
phosphates,  being  dissolved  in  nitric  acid,  the  solution  may  either  be  evaporated  to 
drrnesB  in  contact  with  metallic  mercury,  or  exactly  neutrahsed  with  caustic  potash  or 
•oaa,  and  then  mixed  with  mercurous  nitrate,  which  throws  down  the  mercury  aa 
ncrcofous  phosphate. 

In  most  cases  the  first  of  these  methods  is  to  be  prefeired.  The  solution  of  the 
phosphate  in  nitric  acid  is  placed  in  a  porcelain  basin,  and  pure  metallic  mercury  is 
adderl,  in  such  quantity  that  a  small  portion  may  remain  undisKolved  by  the  nitric  acid. 
The  liquid  is  then  evaporated  to  complete  dryness  over  a  water-bath,  so  as  to  expel 
the  whole  of  the  free  nitric  acid ;  and  the  n-sidue  is  treated  with  water,  which  dissolves 
all  the  bases  as  nitrates,  leaving  the  phosphoric  acid  undissolved  as  mercurous 
phosphate.  This  salt,  after  drying,  is  mixed  in  a  platinum  crucible  with  an  excess  of 
diy  carbonate  of  sodium,  or,  better,  of  a  mixture  of  potassic  and  sodic  carbonates  in 
equivalent  proportions ;  and  heated  over  a  lamp,  first  to  a  temperature  below  redness, 
afid  not  Bumdent  to  fuse  the  mass,  till  all  the  metallic  mercury  and  all  the  mercury- 
salts  excepting  the  phosphate,  are  expelled— then  to  the  highest  temperature  obtainable 
by  the  gas-flame.  The  mercurous  phosphate  is  thereby  decomposed,  the  mercury  being 
cizpelled  and  an  alkaline  phosphate  produced.  This  when  cold  is  diss  Ivcd  in  water* 
and  the  phosphoric  acid  precipitated  as  ammonio-magnesian  phosphate. 

This  method  gires  very  exact  results,  provided  care  be  taken  to  dry  the  residua 
obtained  on  evaporating  the  nitric  acid  solution  very  completely,  so  that  no  free  nitric 
aaid  may  lemain  to  hold  any  of  the  oriinDal  phosphate  in  solution,  and  in  fusins  tha 
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mercarooa  phosphate  with  alkaline  ciirbon&t«,  to  regulate  the  h— *    "     -  r^Mbiiy  iu 
the  roaaaer  ahore  described,  »o  uji  to  avoid  Ion  hy  Bpining.      \''  -  Hycnnwd 

out»  it  IB  raganlrd  bj  Rose  afi  the  l)ottt  of  aII  mecbuan  of  jiepflr.i: ,       ~pboa£  tnd 

from  bMM.  It  ia  morvoTirr  appliciible  id  the  nuuioer  jivtt  dei»cnl>c<i  lo  the  an&liMuT 
liUpboflphfltracxceprin^thos^of  iron(fiirriL*uinj  tindalumiuiuui.in  vhichnsMiitniqunt 
Ctfrtam  moditicotiona.  Thr  nitrat^jt  of  thttie  bases  when  erapomt^ci,  rren  at  th*b«ii(i 
thfl  water-bath,  give  off  part  of  their  citric  acid,  and  arv  th»T»by  r«nd«nd  t»  i 
eraat  extent  ioaoluble  in  wuttr.  so  that  when  their,  nitric  aci  1  »olut)on  m  vrapaniaj 
ID  coDtaot  with  metallic  mcnrary,  and  the  r^isiidue  trent^  with  wut^tr.  a  muUpoitot 
only  of  the  iron  or  aluminium  pnaiies  into  the  aqueiT'iu  aolution,  the  larger  foftw 
.  temaining  ondiiitiolved,  together  with  the  mercurous  phosphate.  In  the  caA«o(  m« 
the  process  requires  but  little  alteration,  tor  when  the  dried  residue  l»  tgDie«d  vith  \h 
■lluuine  carbooat«,  tho  ferric  phosphate  is  complete  1  v  decomposed ;  so  that,  ou  trMtiig 
the  fused  mass  with  water,  the  whole  of  the  phufipLonc  acid  posses  into  sobitioa  m 
before,  while  the  iron  remains  as  ft-rric  oxide,  and  itd  amount  may  be  added  to  i^ii 
(iWhich  has  passed  into  solutioa  as  nitrate.  In  the  case  of  aluminium,  howenr,  tU 
proeess  in  tois  form  is  do  longer  applicable,  for  aluminic  phusphAte  is  but  Trrj  n. 
perfectly  decomposed  by  fusion  with  alkaline  carboaatee.  In  thia  cuee,  thervliipr,  ii  't 
necessary  to  adopt  the  second  form  of  the  proeeas  above  mr>mioDed.  which  cobbbKs  a 
precipitating  the  neutralised  solution  of  tne  phosphate  in  nitric*  acid  with  mrreaivH 
nitrate,  separating  the  precipitated  moivurous  phosphate  by  filtmtioo.  washing  it  eiti 
water  containing  a  little  mercurous  nitnite,  and  decompocdng  it  when  dry  by  ~ 
with  alkaline  carbonate,  oa  above.  The  filtntte  contaioa  all  the  nloiriiniam. 
with  the  excess  of  mercurous  ftalt.  The  greater  part  of  tho  mercury  is  precipiial 
it  by  hTdrochloric  acid  ;  a  smallr^r  portion,  which  hu«  ptifstHi  into  thr  stotr  of 

■alt  and  still  remaioB  dissolved*  isBepurated  by  sulphydric  acid  ;  and  in  the  r 

solution  the  alatniniam  is  determined  by  theusuid  methods.  If  any  of  thealkaline 
are  also  present, especially  lime,  thia  la<t  mode  of  separation  cannot  he  applied, ' 
small  quantity  of  earthy  phosphate  is  then  precipitated,  together  with  the  mciturvut 
phosphaio. 

For  full  details  of  the  preceding  process,  see  H.  Rose.  {TVaiti  tU  ChimU  J.naifVtfm^ 
ii.  708.) 

3.  Bi^NiiraU  of  SUvcr  or  yiCric  Add  and  MUallic  Silver. — The  modeof  pFoeecdiac 
is  similar  to  that  with  mercarouH  nitrate,  excepting  thst  when  the  phosphoric  atad  w 
precipitated  from  the  neutralised  solution  by  nitnite  of  silver,  the  phoepbate  of  lUrtr 
must  be  collected  oo  a  tAred  filter,  and  weighed  after  drying  at  lOO-'. 

7.  Precipitati<m  by  Afolphdatt  of  AmmoHiu/ii. — The  roolybdic solution  ia  pnpsrpd^ 
disaolvine  1  pt.  of  molybdic  trioxido  in  8  pts.  of  strong  aqueous  ammonia,  aotl  misio^ 
the  solutton  witli  20  pis.  of  nitric  acid.  This  liquid  ii*  added  to  the  eolation  of  tbt 
phovphate  in  nitric  acid,  in  such  proportion  tlut  the  quantity  of  molybdic  tliosid* 
may  be  thirty  or  forty  timfs  as  grc^it  as  that  of  the  pboftphone  acid  to  be  dalsnmatd. 
The  liquid,  topetht-r  with  the  resulting  yellow  precipilute,  is  digest e^l  for  fcewral  hoaii 
at  a  mther  high  temperature,  and  the  precipitate  is  washed  ou  a  filter  with  th?  liqu-1 
which  has  been  used  for  the  precipitJiTiun.  The  yellow  precipitate  is  then  disKolnid 
off  the  Alter  by  ammonia,  and  the  phosphoric  acid  is  procipitat,ed  frmn  the  filtrate  Si 
animooio-niH^esian  phosphate. 

Thift  method  serves  for  the  separation  of  phosphoric  acid  from  the  alliaJine  eartha 
the  other  earthy  oxides,  and  likewise  from  nluminu,  ferric  oxide,  aod  many  ^Ihff 
metalhe  oxides  ;  but  it  cannot  bo  depended  upun  fur  giving  exact  re!*alts,  rxeepting 
when  the  quantity  of  phosphoric  acid  to  be  determined  ia  very  rtmilL  PyropWpSuri* 
and  metaphoaphoric  acids,  To  be  determined  by  this  mi'thod,  must  first  be  coorerteL)  i&lo 
orthophosphoric  acid  by  prolonged  boiling  with  nitric  acid. 

Lipowits  (Pogg.  Ann.  cix  13d;  Jahresb.  1860,  p.  700) dia»olrea  2  pta  molybfie 
trioxide  in  A  warm  tolutinn  of  1  pt.  Nrtaric  acid  in  IS  pts.  water;  adds  10  pta  aqiuoia 
ammonia  of  6peci6c  gravity  0'97,  and  \h  pts.  nitric  soid;  heats  the  whole  to  boiling; 
filters  from  a  small  quantity  of  molybdic  trioxide  which  separatee;  and  uses  the  nndtiag 
■olution  for  the  quantitative  estimation  of  phosphoric  acia  by  direct  precxpitatka.  fm 
this  pQC^f.'fte  a  quHntity  of  th<>  Kolution  (about  5  or  6  c  c  to  0'05  grm.  pbosphcM 
anhydride,  to  be  aeterminod)  is  heat«d  to  boiling  in  a  porcelain  dish,  the  acidulated aol> 
tion  of  tho  phosphAle  is  added,  the  yellow  precipitate  is  coUecled  on  a  weighed  filter, 
washed  with  water coutaining  j^th  of  nitrii;  acid,  and  dried  at  20*^ — ^0°,  or  ^tter.evflr 
oil  of  ritriol,  and  weighed.     It  contains,  according  to  Lipowitz,  3'607  per  cent.  PK)*. 

It  must  be  observed,  however,  that  the  yellow  precipitate  is  soluble  ia  a  laq^ 
quaotity  of  tartaric  acid.     (H.  Rose..) 

y.  Bff  Suiphuric  Acid  and  AlccAvl. — As  many  sulphates,  especially  those  ooolaiinff 
atrong  basest  are  insoluble  in  alcohnl,  the  se^iuration  of  phoitphoric  acid  ftxmn  tbecoi^ 
mending  baies  may  be  effected  by  mixing  the  solution  of  the  phoepUatc  in 
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mtrlc  Held,  or  liydrochloric  arid,  wifh  itnlpharic  arid  and  with  alcohol — the  bftM  being 
then  precipitate^  as  sulphate,  vhilf*  the  phosphoric  acid  reniaiiu  disaolred  in  the 
Mlcuhol.  Thill  m<*tbixt  ia  found,  hovercr,  to  gire  exact  results  only  when  Applied 
to  the  phoflphfttes  of  the  alkaline  rarth-mctala  and  pboflphati*  of  lead.  With  otb'^ 
bu«**s  an  error  of  4  per  c^nt.  sometimea  anaee,  ernn  woeo  ue  analjais  ia  pexfornir4  viUi 
all  possible  care,  and  ether  ia  addt^  as  well  an  alcoboL 

3.  £y  fuaion  %oitk  Alkaline  Carhonaie*. — Many  pho«phatea  are  completely  deeom- 
poaed  by  fusion  with  exceaa  of  alkaline  carbonate,  a  mixture  of  potaebic  and  aodio 
cftrbonates  in  equivalent  pn.iportions  bcinp  the  moet  convenient  for  the  putpoae.  The 
phoffphatca  of  the  heavy  mftulft  are  for  th*  miist  part,  easily  decnr.powd  in  tnia  manner, 
but  ln«  phonpfaatn  ot  thf*  alkaiine  <-urtb-m*'tuU,  and  ra[»eciftlly  ph<>flpbate  of  calcium,  are 
but  imperfectly  decompofied  thereby,  and  mart  therefore  be  treared  by  other  methoda. 
The  tiecorapoaitiim  by  fumou  with  alkaline  carl»onute.  when  it  can  be  applii*d.  ia 
eApeeially  convenient  for  the  analysis  of  pbuaphates  mixed  with  sulphates,  chlorides, 
and  oth'-r  suits,  the  aerernl  acida  puasing,  togetlicr  with  the  phosphoric  acid,  iuto  the 
fltate  of  alkaline  aalta. 

•.  By  Tartaric  (it  Citric-  Arid. — The  precipitation  of  many  metala  from  solulioni  of 
their  salta  by  alkalis,  irt  prerented  by  the  prMence  of  certain  fixed  organic  sub»taocea, 
tartaric  and  citric  acid  amung  the  niunlier.  Heneo  the  separation  uf  phosphoric  acid 
from  such  baaea  may  b«  effected  by  adding  to  the  solution  of  the  phosphate  a  consider- 
able quitntity  of  tartaric  or  citric  acid,  th<'n  an  excess  of  ammonia,  sal-ammoniac,  and 
mlpbate  of  magnesium.  The  phospboHo  acid  is  then  precipitated  as  ammonio-magDe- 
•iun  phoflphiitf,  while  the  basea  remain  in  solution.  When  tartaric  acid  is  used,  M 
originiilly  propoiied  by  Otto,  a  small  quantity  of  tartrate  of  magnesium  ia  frequently 
precipitatf^l,  together  with  the  amraonio-magoeeian  phocphaie,  aud  is  difilL'ult  to  get 
rid  of:  hence  B.  Warington,  Jun.  (Cbem.  Soc.  J.  xri.  304),  rccomxnentls  the  use  of 
ritrie  acid,  which  does  not  introduce  this  source  of  error.  Sometimes  a  am&ll  quantity 
of  the  bat>e  is  precipitated,  together  «'itb  the  phosphate,  in  apito  of  tbc  prebenoe  of  the 
organic  acid.  To  euard  a^inst  this  source  of  error,  itis  best  to  redlssolve  ihn  preci- 
pitate in  hydruchtoric  acid,  fignin  add  citric  acid,  and  eupersatumte  with  ammuniiv. 
The  ummonio-mugncaiun  «:ilt  is  then  r^precipitated  in  a  pfato  of  [wrf-^ct  purity. 

This  metliod  is  employed  chiefly  fur  the  (tepamtion  of  phu!<])horic  acid  from  ferric 
oxido  and  alamiua.  From  the  liouid  filtered  from  the  precipitated  phoaphute,  iron 
is  precipitated  by  sulphide  of  ammonium;  but  aluminium,  which  is  precipitated  by 
this  reagent,  not  as  sulphide  but  as  hydrate,  cannot  be  separated  thereby,  or  by  am- 
moDtAor  alkaline  carbonates,  from  thf  solution  under  consideration,  on  account  of  the 
organic  matter  present.  To  effect  its  separution,  the  solution  is  mixed  with  a  quantity 
of  sndic  carV>onate  iiuflici<?^nt  to  deeompoec  all  the  chloride  of  ammonium  prew-nt,  then 
evaporated  to  drynpsa;  and  the  residue  is  ignited  to  burn  away  the  greater  part  of  the 
organic  matter,  then  digested  in  hydrochloric  acid,  which  diasolres  part  of  the  alumins 
and  all  the  magnesia  present,  lenviug  a  mixture  of  alumina  and  chnrooul.  ThtN  residue 
is  either  calcined  a  second  time,  to  bum  away  the  n'mtiining  charcoal,  or,  better,  it 
is  foaed  with  a  mixture  of  nitre  and  alkaline  carbonate.  In  the  latter  case  the 
alkaline  salts  may  V>e  dissolved  out  by  water,  leaving  a  residue  of  alumina  easily 
soluble  in  hydrochloric  acid.  In  the  former,  the  oluruina  ia  left  in  a  diffii^ultly  soluble 
eirate,  and  toffoiler  it  soluble  it  must  be  fused  wirh  acid  culpb:iteof  potAMiium;  the  fused 
mass  then  dissolves  completely  in  water.  The  solution  of  alumina  thus  obtained  ia 
added  to  thf*  other  portion,  and  the  alumina  precipitated  by  ammonia  in  the  uaua] 
manner.  The  decumposition  of  the  chloride  of  Ammonium  before  calcination  ia 
essential,  because  that  aolt  in  Tolatilisiog  would  cany  with  it  a  portion  of  the  aluminiom 
in  the  furm  of  chloride. 

f  Btf  Carhonate  of  Barium. — The  separation  of  phosphoric  acid  by  means  of 
carbonate  of  barium  and  a  ferric  salt  bos  already  been  described  (p.  fi44).  Carbonate 
of  barium  alone  does  not  precipitate  pboephoric  acid  completely  from  its  aqueooi 
solution :  but  if  the  phoHphute  ot  nny  biiNe  not  precipitated  by  carlK*nute  of  barium, 
the  alkaline  earthH  and  mMpaesia  for  exiimple,  Im*  dissolved  in  nitric  or  hydrochloric 
acid,  carbonate  of  barium  will  precipitate  all  the  phoaphoric  acid,  together  with  any  of 
the  weaker  bases  (aurh  as  alumina,  ferric  oxide,  or  chromic  oxide)  that  may  also  be 
present,  leaving  the  stronger  baitea  in  solurion.  This  method  may  be  applied  to  the 
finalyrisof  mixtures  of  e&rthy  phosphatea,  sach  as  occur  in  soils,  coprolites.  guano,  artifl* 
rial  manures,  A'c..  in  which  thj^  presence  of  alumina  interferes  with  the  separation  by  nitric 
acid  and  metallic  mercury.  The  phosphnte  having  been  disaolred  in  nitric  or  hydro- 
chloric Hcid^  and  the  solution  bijiUvi  for  some  time,  to  convert  any  pyropbospburic  odd 
that  may  be  present  into  ortlicii>hosphf>ric  acid,  carbonate  of  barium  is  to  be  added,  till 
the  free  aoid  is  eompU'tely  xaturatiMl,  aod  the  liquid  left  to  btand  for  a  few  days,  with 
frequent  agiiulion.  The  washed  precipitate,  containing  alumina  nnd  ferric  nxidt>  to- 
gether with  phosphate  and  carbonate  of  barium,  is  then  to  le  dissolved  in  hydiochlohfl 
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•eid,  and  the  burium  proci|>ita(««>I  by  salphuric  Acid.  Thf  flltmfe  mmy  tw  treated  vrJt 
citric  acid,  RmmoDia,  and  t<ulphitt«  of  maguisium.  to  procipiiatc  the  phuspboric  ifiri. 
and  the  ferric  oxide  and  AiuminA  wjiichronmin  iti  tolution  naiy  h*  K«>pjirAfcd  bt  tS» 
turanl  methods.  Tbe  mjIuIiud  fili»"n*l  fniin  the  precipltatp  furmed  bv  the  c«H>n«Jt*  of 
bariam  in  fre«  from  pboephoric  acid,  hut  i^tituins  thi>  nitnt«»  or  chloride*  of  caiasa, 
tnagneaium,  and  i\w  alkali-metalH,  tngpthpr  with  nitratA  nr  chloride  of  bariaia.  U 
if  freed  from  hanum  by  sulphuric  acid;  the  n<'utmlii*ed  (iltruti*  is  then  treatid  wah 
oxnlic  acid  to  prcH^ipiuUe  the  calcium ;  and  the  magnesium  and  alkali -metali  an  mg^ 
rated  by  tho  methooa  dwicribed  under  MAONKsruM  (iii.  763). 

Wht'D  eulcium  in  pro«ent  in  conMdfrtiL]'  quautity,  the  vA8hin|!  of  the  la«t-m<pfili 
pmripitutu  of  sulphate  of  hnrium  is  very  te<liouB  Uid  difficult,  on  accoant  of  the 
solubility  of  the  imlphale  of  calcium  with  vbich  it  is  inixc<L  In  thia  caae  it  is  b«< 
after  washing  oat  the  more  ftohilde  Hulphati'a  with  WKtcr,  to  treat  the  rptnaiiuntf  pv^ 
cipitate  with  a  solution  of  carbonate  of  uramoniuro,  whereby  the  remiuning  sulphate  gf 
calcium  is  converted  into  carbonutfi;  then,  after  wnnhing,  die^olre  out  the  onrl 
of  calcium  with  hydrochloric  acid,  and  add  the  solution  to  tlmt  containing  the 
haoea.    (H.  Hose,  Traitt  dt  Chimin  Analtftiqw,  ii.  719.) 

Special  Metkod9  of  Separation,— Vvoxn  m^\tSAm\iQ&e  nalphidea  aiv  idmIbUi 
in  acids  (copper,  lead,  mercnry,  &c.)  phosphoric  acid  is  easily  separated  by  paiiiBg 
Btdphydnc  acia  gas  through  an  acid  anlution  of  the  (lult  The  phoephoric  aad  may  iLta 
be  precipitated  from  the  Altrat'e  aa  ammonio-ma^npsiiui  phospbute. 

Phoephate  of  sine  dissolved  in  acetic  acid  may  alau  be  aecompoaed  by  mlph^^cii 
acid. 

The  pho^pbatea  of  iron,  magneainm,  nickr-l.cobiilt,  and  araDinm  are 
poaed  by  tnilphidi.*  of  ammonium,  the  metala  being  separated  as  sulphidea ;  but  thia 
of  aepamtion  is  not  found  to  giTeexiict  results,  excepting  in  the  camx*  of  iron.  A  btOrr 
method  is  to  fuse  the  phosphatee  with  an  alkaline  carbonate  ip.  546).  In  the  eascdt 
uranium,  however,  the  sppanition  by  this  method  is  not  complete,  a  certain  quasli^ 
of  tminic  oxide  always  paseing  into  solution  together  with  alkaline  phosphate  IH 
carbonate.  To  obtain  complete  separation,  the  salt  muitt  be  fiiHed  with  about  tlntt 
tiroes  ita  weight  of  s  mixture  of  c«irbon&t«  of  6odiam  sud  cyanide  of  potassioxD ,  the 
uranium  is  then  wholly  separated  as  protoxide.  The  fused  mam  ia  digested  with  witer 
containing  Ral-HmniorjiHr  (if  pure  water  if<  uved,  the  uranous  oxide  (wparate*  in  %  rwrj 
finely-divided  stAto,  and  run»  throitKh  thr-  filt«^r)  ;  the  pbosphuric  acid  is  pncipilatr4 
^m  the  filtrate  hs  iimnianio-miignesiian  phofcphate  ;  and  the  ioMfluHe  uranotu  ooide, 
which  retains  a  Kmall  portion  of  ulkuli,  is  dissolved  in  nitric  acid,  precipitate^  b;  aia- 
mooia,  washed  with  water  containing  a  little  sal -ammoniac,  ignited  in  a  stre«ia  of 
hydrogen,  snd  weighed. 

A  similar  method  serves  for  the  separution  of  phosphoric  acid  from  the  oxidss  of 
chromium.  The  chromic  oxide,  vhieh  remains  andiwkolred  after  the  alkaline pbo»> 
phates,  &C.  hftve  been  waahed  out,  likewise  n^tains  a  ffmHll  quantity  of  alkaline  ssill,  to 
tree  it  from  which,  it  must  be  fused  with  nitre  and  soilic  cairbonate,  and  the  resultiag 
chromic  acid  precipitated  by  mercnrous  nitrate,  or  reduced  to  chromic  oxide  by  any  of 
the  methodit  descnbed  under  Chromium  (i.  944). 

Frum  yttria,  thorina,  and  the  oxides  of  cerium,  lanthanum,  and  didy* 
mi  urn.  phosphoric  acid  is  easily  separated  by  adding  oxalic  acid  or  oxalate  of  an- 
mnninm  to  the  nearly  neutralised  Kolntion  of  thephoBphatein  nitric,  hydrDchloric,  orra]- 
phuric  acid.  The  meUl  ie  then  compIet<'ly  separated  as  oxalate,  and  the  phosphoric  acid  amy 
be  precipitated  from  the  tillnue  tifi  Hmmonio-mtigue'fiAn  pho^phute.  The  treatment  with 
nitric  acid  and  metallic  mercury  may  also  be  applied  to  the  »epanition  of  phosphoric 
acid  from  these  bits&R,  as  well  as  from  glocina  and  sireonio. 

from  alumina,  phuvphoric  aeid  is  mast  eaMly  HrfwrHted  by  means  of  citric  acii^ 
ammnnia,  and  a  mugnesium-salt,  as  already  defu-ribed  (p.  647).  An  older  mode  of 
sepiimtion.  proposed  by  Berzelius.  is  to  ignite  the  aluminic  phwphate  with  2i  pbk  cf 
fi»e1y-diTtdf>d  silica  and  6  pts.  of  sodic  carbonate.  The  ignited  maos  (whidi  aom  aoi 
fuMe)  is  dige«tted  with  water,  which  dis.'^olves  sodic  phosphate  and  carbonate,  and  t 
small  quantity  of  sorlic  nlicute,  leaving  the  alumina  and  the  greater  port  of  the  sdios 
iindi#t»olT«Hl;  the  filtered  solution  is  mixed  with  excess  of  hydrochloric  acid,  and  eTapi>> 
rated  Riiollj^-  over  the  waler-balh,  la  render  the  nilica  completely  insoluble  ;  the  recidas 
in  boiled  with  water;  and  the  phosphoric  acid  precipitated  from  the  filtered  liquid ai 
ammonio-magncfiiaa  phosphate.  The  insoluble  reeidue  containing  the  alumina  n 
treated  with  hydipochloric  acid  und  evaporated  to  dryness ;  the  rv^idue  is  mdstord 
with  hydrochloric  acid,  boiled  up  with  water,  and  filtered  to  separate  tho  silica ;  and 
the  alumina  is  preoipifatcil  from  thti  Rolution  by  ammonia  or  carbonate  of  ammo&InrK. 
A  raodificiition  of  this  method,  proposed  by  Fuc  h  s,  connate  in  disfoI-Hng  the  alaraiais 
phosphate  in  caustic  potash,  adding  sihcate  of  potassiutrt  (soluble  glaits) and  batlisf^ 
whereby  all  the  alumina  is  precipitated  ah  silicate  of  aluminium  and  pntnssionii  vUb 
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l>hcMphat«  of  potaBsinm  remains  in  dulueion.  From  this  solution  the  pbospbon'c  acid 
18  preiM^itateaasanitnonioiDa^PsiiLD  phottplule,  and  the  prrctpiUted  ttiucate  t«  trratod 
M  alH)vc  for  the  detfrminiition  uf  the  alumina. 

From  baryta,  phosphoric  acid  i*  most  eaftilj  separated  bj  treating  the  solution  of 
the  compound  in  hj^'tinK'tiloric  acid  with  sulphuric  acid,  vhich  precipitates  the  baryta; 
Ihini  Htrnntiti  in  like  manntT,  witli  addition  of  alcohol. 

From  Hmf,  phor-phoric  iicid  is  pasily  sppanited  by  prAcipitaling  the  base  as  oxulato 
^m  the  aolution  of  rbi*  phosphate  in  ai^ilJc  acid,  or  in  hydrochloric  or  nitric  acid  mixed 
with  ocetHtf-  of  twdtum  or  amroooium;  from  magnesia  by  fusion  with  an  alkalins 
carbonate,  &c.  (p.  d4f}),  phosphate  of  mugncflium  being  completely  dt'curaposi'd  by  this 
treatment 

When  lime  and  magneeia  occur  coeether  as  phosphates,  as  in  bone-rarth  and 
pUnt-Bshi-s,  the  substiince  may  Us  dissolved  in  hydrocJiIoric  acid ;  tlie  lime  precipi- 
tated hy  nxal&ta  of  amm'miuin  hm  alKirf*;  and  the  filtnite  tTY*Att<l  with  fxceaH  o(  am- 
monia,  which  throws  down  a  prt'cipitate  of  ammonio-msgnevian  pho»pIuitP,  leaving 
a  aolution  Htill  coniaimng  pho^ph•)ric  acid  or  magnesia,  acTurding  a*<  one  or  ihn  other 
is  in  exL'css.  In  the  former  case  the  pbottphorie  acid  is  precipitated  by  addition  of  a 
magnesium-salt;  in  the  latter,  the  magnwia  is  precipitated  by  addidon  of  a  soluble 
phosphate. 

Such  mixtures,  or  compounds  miiy  also  be  analysed  by  twatment  with  nitric  acid  and 
metallic  mtrcnry,  but  nut  by  precipitation  with  aolution  of  men-unjua  nitrate  (p.  646), 
becaoae  a  certain  quuntity  of  calcic  phosphate  \a  always  precipitated  at  the  same  time. 
Fusion  «^th  an  alkaline  carbonate  is  not  applicable  to  Ihem,  because  phosphate  of  cal- 
cium is  but  very  imperfectly  decomposed  thereby. 

From  the  alkaliK,  pboaplioric  acid  may  be  sfparatc>d  by  precipitation  with  acetate 
of  lead.  The  prt^cipitalod  phrwuhate  of  lead  must  be  weighed  when  dry,  the  quantity  of 
lead  contained  in  it  detcrminea,  and  thence  the  quantity  of  phospbcric  acid  may  be  cal- 
culated. The  wjilufion  conteiniag  the  alkalis  and  the  excpss  of  lead-ealt  is  treated  with 
carbonate  of  ammonium  to  precipitate  the  lead  ;  the  filtrate  ia  then  acidulated  with 
sulphuric  or  hydrochloric  acid;  and  the  alkalis  are  eatimtited  as  sulphates  or  chlorides. 

The  Bcparalion  is,  however,  more  family  effeot^^^d  by  means  of  nitnc  acid  and  nietjillic 
mercury,  ftepecially  Jn  the  case  of  the  lithium -phosphates,  which  are  but  sliffhtly 
soluble  in  water.  The  fiami^  method  ia  also  the  beat  adHpted  for  analysiug  tlit-  in- 
soluble compounds  which  the  alkaline  phosphates  form  with  those  of  calcium  and  mag- 
nesium. If  alumina  is  ftlw  present,  it  ia  he^-t,  as  already  observed,  to  adopt  the  method 
of  separation  by  roeajii  of  carbonate  of  bnrium  (p.  A47 ),  The  method  of  separation  by 
eerie  salts  might  nlso  l>e  applicable  to  sutrh  mixtures  (p.  6A6). 

When  all  the  phosphoric  arid  in  an  alkaline  phosphate  ia  in  the  state  of  orlhophoa- 
phoric  ucxd,  it  miiy  be  completely  separated  by  the  oaaier  mode  of  precipitation  with  a 
solution  of  meicuruuB  nitrate. 

Separation  af  Fhotphoric  Acid  from  other  Acids, 

From  sulphuric  acid,  phusplioric  told  is  easily  separated  by  precipitating  the 
former  ha  culpbale  of  Itnrium  from  an  acid  solution ;  if.  however,  metaphosphoric  acid 
is  prcpent*  it  must  tirst  be  rt^nverted  into  pyro-  or  orthophosphoric  acid,  otherwise  the 
separation  will  not  h«  complete. 

From  aeteoiouB  acid,  pboaphoric  acid  is  separated  by  precipitating  the  selenium 
with  sulphurous  acid  ;  the  pboaphoric  acid  may  then  be  precipitated  firom  the  filtrate 
as  ammonio-magneaian  phc«phnte.  If  selenic  acid  is  present,  it  mast  first  be  re- 
duced to  Feleniouft  arid  by  means  of  hydrochloric  acid.  Precipitation  with  barium- 
salts  does  not  effcit  complete  precipitati^on.    (See  SELXNinc.) 

The  same  method  acrrea  for  the  separation  of  phosphoric  acid  from  the  adds  of 
tellurium. 

From  hydrochloric,  hydrobromic,  and  hydriodic  acids,  phosphoric  arid 
IB  eaaily  separated  by  precipitating  the  former  arids  with  nitrate  of  rilver  in  acid  solu- 
tion. The  phc"*fphoric  Hcid  may  bo  precipitated  from  the  filtrate  as  triargeniic  phos- 
phate, by  careful  npulraliaation  with  an  alkali ;  or,  better,  the  excess  of  silver  may  be 
removed  from  thf*  solution  by  hydrociiloric  acid,  and  the  phosphoric  add  then  precipi- 
tated a?  aramonio-magnesian  phosphate. 

KeMpecting  the  separatiuo  of  phuephoric  from  hydrofluoric  acid,  see  FLUOftcn 
(ii.  676). 

From  boric  acid,  pho*tphoric  acid  maybe  separated  in  several  ways  : — a.  Thephos- 
phnric  acid  may  first  be  thrown  down  aaammnmo-niagneaian  phosphate,  and  the  boric 
acid  tlen  drtermined  in  the  filtrate  by  the  methods  sperially  adapted  to  it(i.  630). — 
0,  The  solution  of  a  phosphate  .ind  a  bnmtein  hydrochloric  or  nitric  arid  is  treated  with 
carbonate  of  barium,  wliereb)    the   phosphoric  Mfid    is  precipitated  Ub   pbusphate  of 
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barium,  wbilo  the  whole  of  tho  boric  acid  remains  in  solation.    This  mod*  of 

is  nut,  howrrer,  quite  <^xact,  m  phoffphuto  of  barium  ia  not  com|>irt«lj  laolttU*  n  % 

liquid  containing  boric  acid. — y.  When  the  tvo  acida  pxiat  in  solutioD   ia  eonbt- 

nution  with  alkalifl  alone,  th*>y  may  be  teparaUd  bj  addition  of  acetate  of 

which    throws   down  the   whole  of   the  boric  add  aa  bydrcyflaoborate   of 

(i.  633),  I*-Hring  the  phoHphoric  acid  in  solution. 

From  siliciiteu. — If  the  silicate  ia  easily  decompoaible  by  acida,  the  whole  of  ttk» 
pbo*tpboric  acid  will  bo  found  in  the  acid  liquid  obtained  by  treating  it  with  m 
acid«  and  filtering  from  the  silica.  If  the  silicate  is  free  fiviD  alutDtnok,  it  may  be  4^ 
composed  by  nitric  iicid,  the  resulting  liquid  evaporated  to  dryneaa  orer  a  water-hatfa. 
the  silica  separated  in  the  usual  manner,  und  the  phosphoric  acid  aeparatcd  froatfas 
bases  in  the  filtrai^^  by  means  of  nirric  acid  and  metallic  mercury. 

In  silicates  of  ainnunium  containing  no  other  baae^  phosphoric  acid  may  be  s^-pwitad 
by  fusing  the  compound  with  an  alkaline  carbonate,  and  tjvaliui?  the  proda-.t  m  (bs 
munner  already  described  (p.  54ft),  the  weight  of  the  ailica  being  of  course  Lk^Mi 
determined.  If  the  subst&nce  to  be  analysed  contains  largo  quantitiea  of  phoapliorie  icW 
nnd  alumina  in  proportion  to  ttwi  tilica,  it  will  bo  neceaaary  to  add  a  qoantity  o<  Hacfy* 
divided  silica,  in  the  proportion  of  about  1^  pt  silica  to  2  pta.  of  the  aluminic  phoephitr 
The  weight  of  this  quantity  of  silica  mu&t  then  be  deducted  from  the  totaj  weight  fl^ 
that  substance  obtAined  in  the  analysis.  But  when,  as  is  more  generally  tbe 
ailicate  contains  other  bases,  and  especially  lime,  it  mnst  bo  deoompoara  by 
beat  with  hydrochloric  acid,  the  silica  separated,  and  tts  quantity  determined 
luoal  war  (see  p.  648,  also  Silicon)  ;  and  the  phosphoric  acid  and  bases  in  tb«  ' 
separated  by  carbonate  of  barium  in  the  manner  alreadv  described  (p.  647). 

Silicates  undecomposible  by  acids  mufit  be  f^ised  with  an  alkaline  carbonate  thi 
silica  separated  by  hydrochloric  add,  and  the  filtrute  treated  as  abore,  according  toUu 
bases  present.  If  alkalis  are  present,  cbey  must  be  determined  by  a  speci»l  aaalyw^ 
the  aihcate  being  decomposed  by  hydrofiuoric  arid.  (H.  Rose,  TraiU  tU  CkimieAJtl^ 
tiqne,  ii.  896.) 

For  the  methods  of  determining  phosphoric  add  and  fluoriDe  when  tbey  cNV«rlo> 
gethcr  in  silicates,  see  8iucatbs. 

From  titanic  acid. — Phosphoric  acid  formi  with  titanic  acid  an  inaoluble eoai- 
pound,  which  may  be  decomposed  by  fu.-*ion  with  an  alkaline  rarbooati>.  On  tx*«tiac 
the  fused  mass  with,  water,  an  alkaline  litanatA  remains  undiasolroi,  wbila  tbe  alkaiiue 
phuHphato  dissolves. 

From  molybdic  acid,  pho^horie  add  is  scpsmted  by  sulphide  of  aoimosim, 
the  molybdenum  being  dissoircd  thereby  as  trisulphide,  which  may  be  predpitatcd  hj 
an  acid,  la  the  filtrate,  tho  phosphoric  arid  is  prcL'ipitated  as  auunonia-magnrsuo 
phosphate. 

From  vanadic  acid,  phosphoric  acid  is  separated  by  solution  of  sal-ammoniac,  ia 
which  rnnadute  of  ammonium  is  insoluble.  Tbe  precipitnte  in  first  wash<^d  with  watpf 
contninin^r  FinUammoniac,  then  with  alcohol,  and  tran!ifurmed  into  vanadic  anhydride 
by  careful  heating.  The  phosphoric  acid  is  precipitated  from  the  filtrate  as  anununio- 
magnesiua  phosphate. 

Mttallio  PhospAatea. 

Vliotpliates  of  AHunlnlnm.  a.  MrtapHotphate,  Al'O'.SP'O*  ai>d  ArT*0*.— 
Prepared  by  dixHolving  hydr<iti>  of  aluminium  in  excess  of  aqueous  phofphorie  arid, 
eraponitiug,  and  heating  the  residue  to  316*-*.  It  is  a  white  HDhydrDU<«  aalt,  insalaUa 
in  water  and  in  concentrated  acids.    (Maddrell,  Chem.  Soc.  Mem.  iii.  373.) 

3.  Orfhophoephatrt. — Hydratfd  orthopbosphates  of  nlnmininm  occur  in  naDy 
minenils  often  awsocinted  with  other  niUk.  GibVmite.  kalaite,  peganite,  fisccbrrit*,  aod 
wavellitetHre  hydntted  phosphates  of  aluminium,  the  1a.*tt-m(ntiout'd  eonietimr»  alsocoih 
taining  fluoride  of  aluminium  ;  umblygonite  is  a  phosphate  of  ainminium,  lithium,  and 
sodium  ;  luzulite  is  hydraied  phosphate  of  aluminium  associated  with  ferxoos  aid 
magn*^ic  phosphates. 

OrthorhoKphates  of  aluminium  are  prodnced  by  precipitating  solutions  of  alumiohnn- 
salts  with  alkaline  phosplmtes;  but  the  products  thus  obtained  vary  conaidembly  is 
composition,  according  to  the  proportions  of  the  acting  solutions,  the  tempenturr  at 
which  they  are  mixed,  and  the  ejctrnt  to  which  the  precipitate  ia  washed ;  the 
precipitates  also  frequently  retain  portions  of  the  soluble  aluminium-salt  or  of  tha 
alkaline  phosphate. 

Acid  aa//?^ According  to  Lndwig,  the  precipitate  formed  b)- phoetpbate  of  sodiBm 
in  a  solution  of  alum,  routains,  in  the  anhydrous  state,  SATO'.SP'O*.     A  wititinn  at 
alumioie  phosphate  in  aqueous  phosphoric  acid  leaves  on  evaporatioa  a  gummy 
which  melts  to  a  colourless  glass. 
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AtvtroL  Bait,  A1M>».P«0>.6H'0.  or  AlTOVsn^O  (or  with  4  at.  or  4}  ut  H*0).-- 
Ppoduwd  by  compli'tely  precipitating  a  ceatral  solation  of  dlum  with  extf«s  of  ftodid 
orthophoflptiKU,  bent  by  graduAlIy  adding  the  alum-solution  to  the  solubln  pho'ipfaAto: 
aUo  when  n  solution  of  aluminia  phottphjito  in  hydrochloric  acid  is  centralisra  with 
ammonia,  or  pnvtpital»»d  with  noetate  of  sodium;  or  when  an  alkaline  solution  of 
aluininic  phoHphat'.'  ia  nnutnili:«ed  with  ac«tic  acid.  It  is  a  white  bulky  precipitatA, 
forming  wlit-n  dry  a  looRe  white  powder,  the  amount  of  water  in  which  appeaiv  to  rary 
from  3  Lo  44  atoms.  Gibkiitr,  from  Richmond,  Massachoasetta,  contains,  arconlinf;  to 
Hermann  a  analysis  (J.  pr.Ch^m.  xl.  32,  xlii.  1),  3762  percent,  phosphoric  anhydri  Jo, 
26-66  alumina,  and  3672  water,  agrwug  nearly  with  the  formula  A1«0".P»0*. 411^0, 
which  requires  36  63  per  cent.  P«0*.  26*42  Al'O.  and  37*05  water.  In  other  samples, 
however,  Hermann  found  Iww  phoKphoric  anhydride  and  more  alumina,  probably 
arining  frum  admixture  of  hydrurpllit**  (hydrale  of  aluminium,  ii.  838). 

Barnc  safts.—a.  A  salt  contrtinlng  lGAin)M5F»0*,  or  Al«OV30.\rPO«.  is  formed, 
according  to  Lndwig,  by  precipitating  u  nolulion  of  aliirainiephmphulc  in  caustic  soda- 
Icy  witli  acotic  arid,  but  it  is  most  prulmbly  nothing  but  the  neutml  aalt  mixed  with 
free  alumina. 

A.  4.-U*0\3PO».IBH'0,  or  fiAPPO' SArfT'OM.Iaq.— This  issdidby  Rammela- 
b org  to  be  the  composition  of  tho  bulky  precipitate  formed  by  adding  ammunin  to  an 
ncld  auiutiun  iif  the  neutral  phofiphate.  It  is  more  gelatinous  and  traoslucf^ot  tlian 
the  pn-cipitated  neutral  phovpbnte ;  retains  15  at.  water  at  100^  Its  composition 
apptuLrs,  however,  Co  rary  accurding  to  the  quantity  of  ammonia  added,  and  the  time 
during  which  it  is  Irfl  in  couiiict  with  the  precipitate;  and,  if  digested  with  excess  of 
ummoiiia  for  about  2i  hours,  it  gives  up  part  of  its  acid,  and  is  courerted  into  a 
hydrate  of  tho  *.alt  2Al'0*.FK)».     (Pogg.  Ann.  Ixiv.  261.  406.) 

e,  3A1»0«.2P'0M2HK).  or  4Al'"PO*.2Al'"H»0'.9aq.— This  is  the  composition  of 
WnxhUiU^  a  mineral  occurring  in  trimetric  crystals  exhil'iting  the  combination  »P. 
ecl^co.  poo.  Ratio  of  macrodia^nal,  brachydi»goi)al,  and  principal  axiii  »  l-49t3  : 
1:0-7431,  Angle  odP  :  ooP  «  126*26.  Cleavage  rather  perfect,  parallel  to  ocP,  oIm 
parallel  to  the  bra chydi agonal.  More  frpquenlly,  howt^vcr,  the  mincml  forms  hcmihphe- 
rical  or  globular  ooncrptions,  haying  a  radiate  structure.  Hardnces  «  3'i5.  Spocificpra- 
Tity  »  2'337  to  23616.  Lustre  vitreous,  inclining  to  pearly  and  n-einous.  Colour  white, 
papsinginto  yellow,  green,  groy,  brown,  and  black.  Stnak  white.  Traualuoent.  Index  of 
refriction  »  r62.— Wheti  heated  it  eiroa  off  water,  and  sometimes  also  hydroflaorio 
acid;  colours  the  blowpipe  flame  a  mint  blnish-grcen;  swells  up  on  charcoal,  turns 
white,  and  exhibits  the  reactions  of  alumina. 

Analysrg.  1.  From  Zbirow  in  Bohemia  (Hermann,  J.  pr.  Chera.  xxxiii.  2H8).— 
2.  From  Barnstaple  in  Devonshire  (Berzelius,  Schw.  J.  xviii.  288;  xxiv.  121).— 3. 
From  Steamljout,  Cheater  County,  Pennsylvuma  (Genth,  Sill.  Am.  J.  [2]  xxiii 
423). — 4.  From  Hungary  :  KapniciU,  apcciflc  gravity  *  2356  (Stideler,  Ann. 
Ch.  Pharm.  cix.  305). 

Fluorine  .... 

Phosphoric  anhydride     .        • 
Alumina  .... 

Ferric  oxide  •         •         «         • 

Water 

Lime 


(I) 

(S> 

(») 

(«) 

169 

206 

truce 

34  29 

33-40 

34-68 

36*49 

36-39 

3635 

86  67 

89-69 

120 

126 

0-22 

26-34 

26.80 

28-29 

24-93 

0*60 

99-91 


99-36         99-86       100-00 


The  formula  3A1»0".2P»0M2H'0  requires  85-U  per  cent.  P«OV  3813  A1K)»,  aud  2678 
water.     Stadeler  suppofies  the  miueral  to  contain  only  11  at  water. 

Bcrscliitfi  and  Ht-rmann  rcgarJ  wuvellite  as  a  drflnite  compound  of  phosphate 
and  fluoride  of  alumininm;  bat  tho  quantity  of  flourine  is  so  veiy  variable,  manj 
specimens  containing  only  traces  of  it,  and  some  none  at  all,  that  its  preaence  m 
probably  only  accidental.  As  tho  specimen  frum  Barnstaple  analysed  by  Bcrzeliua 
contained  limR,  it  was  probably  mixfd  with  fluorspar. 

Wavellite  occurs  also  at  Amburg  in  Bavaria,  at  Langenstriegis  near  Freiberg,  and 
other  localitipa  in  Germany  ;  also  at.  Clnnmul  and  Cork  in  Irubind  ;  in  the  Shaint  t^Unds 
of  Scotland;  at  Washin^oa  Mine,  Davidson  County,  North  Carolina;  and  at  VilU 
BicH,  Hinas  Geraea,  in  Brazil. 

d.  2AP0».P*0\  or  aAr'POVAl'O*.— This  compuund  appears  to  b«  produced,  as 
alrea'ly  stated,  by  the  prolonged  action  of  ammonia  on  tho  aalt  6,  and  oceurti  in  ccm- 
binatiun  with  6,  6,  or  8  aL  water  in  the  minerab  tun^auis  or  kalaite,  p^anite,  and 
fischerite. 

TurouoiM  or  KalaiU,  2Al'0'.F0^'.'iH''0or  AVTOVAr'H'O*,  aq.,  also  railed  aonphiU 
andJoi/iU(,  the  Birou^a  of  the  Persians,  and  (probably)  the  cuiiui*  of  Pliny,  is  reuiromi* 
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BtalflCtitic,  or  incnuting,  withnocleaTage;  hiirdneaa  —  6;  speciftc  gr&rityS^-  |<S||« 
It  htis  It  BomevhAt  vntzv  luBtro,  dull  ioternftllj ;  a  pecnliar  bluisb-groen  ealov,  ui 
▼hit A  Btrrnlc ;  in  feebly  iiubtnuuduceot  or  opuqae,  and  has  s  mull  oOMfaii^ 
fraoturc.  When  heated  it  d'^crepitatfls  dtrongly.  giring  off  wat«r  and  tnraiag  Wirk. 
Before  the  blonpipe  it  doea  not  bwcU.  but  beconiM  brovD  and  Titrvoas,  aiwl  cokmnik* 
inner  fliimf^  green.  With  flux^fl  it  gir&t  the  reaction*  of  iron  and  copper.  U  u 
■oluUe  in  ftciila,  and,  sooording  to  Herronnn,  dissolve*  in  wuter  after  fnnim  vt)) 
potash — the  eeverml  varietiee,  hofr«rer,  all  learing  more  or  lees  ineolable  rendoa.  Ai 
analysis  by  Herraannof  ablue  oriental  ttirquois  gave  2890  per  cent.  phocpboiVMt^ 
tdride,  47*45  alumina,  2*02  cnjprio  oxide,  1' 10  ferric  oxide.  O-fiOmaDganicosiae,  l'S&li«^ 
and  18*18  water,  whence  the  mineral  appear*  to  consist  essentially  of  iAl'C.P'O'.SIPO 
mixed  with  phosphntes  of  calcium,  copper.  &c.  A  green  oriental  tarqaois  (fpitifli 
grarity  2621)  was  found  by  Hermann  to  contain  only  554  p^r  cent.  P^}\  nl 
WA«  evidently  a  mechanical  mixture  containing  but  little  real  turqnou.  TiuqsiM 
(lectins  in  a  mountainous  district  in  Pentia,  not  far  from  Nichabour  ;  a  lees  pore  ruirtj 
is  found  at  Jordansmiihle  in  Silesia,  and  at  Oelsnitz  in  Saxony.  It  receireeangt 
prtliftli.  and  whfn  finely  coloured  is  highly  valued  as  a  gem.  The  ocfidfrntai  or  Im 
tttr^VQiM  is  said  to  consist  of  foaaii  bones  or  teeth  coloured  with  oxide  of  mppcc 
(Uana,  ii.  405.) 

Pt^aniU,  2Al»OM'*0».fiinO  or  2(ArT0*.Al"TI"0*),  ta  * JHT^t*  w  white  miaml 
occurring  at  Striogig  in  f^axony,  in  small  rhombic  prisms  of  127^  with  the  acnte  lafeil 
edges  truncated;  hardnr«s  =:  3 — 4  :  specific  gravity  »  2'49— 2*54,  Containa,  aooGr 
ding  to  Hermann  (J.  pr.  Cheni.  xxxiii.  287),  30*49  per  cent  phoaphono  aofaydrid^ 
44*49  alumina,  and  2282  water. 

Fiicheritf,  2Al«0»r^>V8n«0  or  2(AlTO*.Al"H"0').6aq.,  occur?i  at  Ni»cbne  TagOi* 
in  eoloorless  rhombic  prisms  of  118°  S^,  or  dull  green  mawiea  of  specific  gravity  liS; 
beharea  like  tunquois  before  the  blowpipe,  bat  is  nut  p^idily  disaotved  by  aay  sad 
except  Bulphoric  acid.  Gives  by  analysis  29'^3  pliusphoric  unbydride,  38*47  ^^HWitsa. 
and  27*50  water,  together  with  1 120  ferric  and  manguoic  oxides,'  0'80  cuphc  oxid^  and 
3'00  cupric  phosphate  and  gangue.    (Hermann,  loc,  cit,) 

All  the  phospli.ttes  of  aluminium  bear  considerable  reaemblance  to  alamina^  both  i& 
the  hy<lrated  and  in  the  anhydrous  stale.  The  precipitated  phoaphal/^  are  gelatiooiu 
mnsM's.  which  dissolve  easily  in  acids  and  in  caustic  fixed  alkalis,  and  june  predpitslMl 
from  their  acid  solutions  by  ammonia,  carbonate  of  ammonium,  or  eiilphide  of  am- 
mitnium,  nnd  from  the  alkaline  sulutions  by  chloride  of  ammonium,  in  their  urigoal 
state,  without  lana  of  phosphoric  acid.  Hence  the  distioctiou  between  hydnte  aad 
phosphate  of  aluminium),  and  the  separation  of  phosphoric  aund  from  alnmiaa,  |wm 
contidcrablo  difficaltira.  The  methods  of  detecting  and  separating  the  pbusphoffic  arid 
hiive  l>een  already  described,  via. :  Precipitation  by  a  magnesinm-eaJt  from  a  solutioa 
of  the  aluminic  phosphate  in  citric  acid  containing  amiiiuuis  and  cbloride  of  amnir^- 
nium  ;  pn-oipitation  by  mercurous  nitrate  from  a  Bolution  in  nitric  acid  neatmliaed  hj 
putii.^h  ;  prr-cipitaiion  by  molybilate  of  ammonium,  uranic  salts,  or  eerie  Baltic  frna 
slightly  acid  or  neutral  solutions ;  ignition  with  silica  and  carbonate  of  aodinm 
(pp.  645—610). 

y.  Pt/rophonphate  of  Aiuminium,  2Al»0' 3P»OM0H'O  ==  Al'P*O''.10H*0 
(drie<l  at  1 10*^). — Produced  by  precipitating  an  aqueous  solution  of  snblimed  efaloriiieiif 
aluminium  with  pyrophosphateof  sodium,  4AICI'  +  SNa^PK)'  =  A1*P*0"  ■*•  laNaCL 
It  id  u  wliite  amorphous  precipiLute  exactly  resembling  hydrate  of  aluminium,  insolahle 
in  water  and  in  occt  ie  acid,  solublr  in  other  acids,  even  in  sulphurous  acid,  and  sepantiog 
again  from  the  lafil-mcnlioned  ^ulution  on  boiling.  It  is  distinguished  fn^m  the  orth> 
phusphiit**  by  Ixring  Mjluble  in  ammouia  as  veil  as  in  potash;  but  when  its  solntiooiB 
any  acid  is  supernal urated  with  ammonia^  the  whole  of  the  aluminium  is  precjprtaltd 
as  a  basic  salt  no  looger  soluble  in  ammonia,  while  part  of  the  pyrophospboric  add  n- 
main*  in  solution.      (Schwaraeuberg,  Ann.  Ch.  Fhami.  Ixv.  2.) 

Plkoaphatea of  Azmnonlam.  a.  Metaphosphates, — The tnonomrtapkotpl^^, 
NH*ru»,  is  formed  whi-n  the  dimeUphosphate  is  heated  for  some  lime  to  200** — 150P, 
It  is  nearly  in«oluMc  in  water.    (Fleitroann.) 

The  dimftaphoiphate,  (NH*)'PH)«,  is  produced  by  the  action  of  snlphide  of  anno- 
nium  containing  a  little  free  ammnnta  on  the  corresponding  copper-salt  (p.  539>,  and 
separatee  from  the  filtrate  on  addition  of  alcohol,  in  monoclinic  pri.*m».  It  diaMlm 
in  15  pta.  water,  either  cold  or  hot ;  may  be  heated  to  300"  wiihoui  loss  of  ammrmw; 
and  when  kfipt  for  sorie  time  between  200'^  and  250^  become*  op«qae  wifbost 
alteration  of  weight,  and  in  converted  into  the  monometsphosphato.      (Fleitmann.) 

The  A«j;/M-/a;j^>flpAa^,(NH')»P^'»  (Graham's  salt),  is  obtained  by  aatumiing deli> 
qneacent  melaphosphoric  ivcid  with  ammunm  and  evaporating. 

fl.     Th«  orthopkosphates  o/ awwoni  urn,  (NH«)H*PO*,    (NH'j'HPO*.  and 


J 
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(S[E.*yPO*,  luTe  been  abraidj  described  under  Axxovukcu.  Salts  (i.  193).  The 
■peeifle  gravity  of  the  firet  is  1*768  (Schift  Jahresb.  18fi9,  p.  16),  of  the  second 
1*678  (Baignet,  ibid.  1861,  p.  15).  An  orthophosphate  of  ammonium  and  alnzaininm 
I  as  a  vhite  earth  in  a  volcanic  grotto  in  uie  Isle  of  Bourbon. 


y.  Pyropko$jtkate$, — ^The  neutral  »alt,  (NH<)*PH)^  separates  on  adding  alcohol 
to  the  aqaeoos  acid  snpersatarated  with  ammonia,  in  small  acicnlar  lamin»  a<ueringto 
the  sides  of  the  vesseL  It  is  easily  soluble  in  water,  forming  an  alkaline  solution 
which  gives  off  ammonia  when  heated,  and  forms  acid  pjrropbosphate  of  ammoninm, 
but  no  orthophosphate ;  the  latter  is  produoed,  on  the  otner  hand,  by  boiling  the  sola* 
tioD  with  excess  of  ammonia. 

The  acid  pyropkoaphat€j  (NH*)'H'P*0',  is  obtained  in  crystals  by  adding  alcohol  to 
m  solution  of  the  neutral  salt  mixed  with  alcohol  Its  solution  is  not  altered  by 
boiling,    (Schwarsenberg.) 

ViMvpbates  of  Bsrlniii*  a.  Metapho$pkaie$. — ^^dAnSXnmonometaphoephaU 
tif  barium  is  obtained  by  evaporating  a  solution  of  baiytic  carbonate  in  excess  of  meta- 
phosphoric  acid,  and  heating  the  residue  to  316°,  as  a  white  powder  which  is  not 
altewd  b^  the  action  of  dilute  acids,  but  \m  decomposed  by  warm  concentrated  sul- 
phuiu!  acid.  It  is  not  decomposed  by  digestion  with  an  alkaline  carbonate,  and  therefore 
the  particular  modification  of  metaphosphoric  acid  which  it  contains  cannot  be  deter- 
mined with  certainty  (p.  539). 

The  dimeUi^KotphaUf  Ba'T'0*.2H*0  (air-dried),  separates  in  crystals  on  adding 
ehloride  of  banum  to  a  solution  of  the  corresponding  soaium-  or  ammonium  salt  It  is 
rterr  slightly  soluble  in  wat«r,  is  not  decomposed  by  boiling  with  hydrochloric  or  nitrio 
acid,  but  readily  by  strong  sulphuric  acid;  when  digested  with  aqueous  carbonate  of 
•odium,  it  is  converted  into  dimetaphosphate  of  sodium.  It  does  not  nve  off  its  watev 
at  150°,  but  at  a  red  heat  it  becomes  anhydrous  without  melting,  and  then  no  longer 
contains  dimetaphosphoric  acid,  but  becomes  insoluble  in  water,  and  ia  not  decom- 
posed by  carbonate  of  sodium 

The  trimftaphoBphatft  B»*P*0'*.6H'0,  is  produced  on  mixing  a  solution  of  1  pt  of 
the  eorresponding  sodium-salt  in  10  to  15  pts.  water,  with  a  nearfy  saturated  solution  of 
2  or  3  pts.  chloride  of  barium.  On  leaving  the  liquid  (filtered,  if  necessary)  to  itwlf 
fiir  a  while,  the  salt  separates  in  beautify  monoclinic  prisms,  which  give  off  two-thirds 
of  their  water  at  100^,  and  the  remainder,  with  intumescence,  at  a  higher  temperature. 
At  a  red  heat  it  becomes  insoluble  in  acids,  bat  does  not  fhise.  The  unignited  salt  is 
•omewhat  more  soluble  in  water  than  the  dimetaphosphate,  and  when  digested  with 
carbonate  of  sodium  yields  trimetaphosphate  of  sodionL 

The  kexjnetaphotphaie  is  obtained  by  predpitating  the  eorresponding  sodium-salt 
(Graham's  vitreous  sodium-metapbospbate)  with  chloride  of  barium,  as  a  gelatinous 
|nrecipitate  becoming  translucent  and  wittle  when  dry.  It  is  inaoluble  in  pure  water, 
and  in  water  containing  sal-ammoniac,  easily  soluble  in  nitric  acid.  When  heated,  it 
gives  off  water  without  complete  fusion,  and  is  afterwards  but  sparingly  soluble  in 
nitric  acid.  It  is  decomposed  by  prolonged  boiling  with  water,  being  converted  into 
an  add  metaphosphate,  which  graduaUy  dissolves. 

0.  Ortkopko$pkates. — 1.  The  monobarytie  aalt^  Ba'^*P*0*,  prepared  by  evaporat- 
ing a  solution  of  the  di-  or  tri-barytic  siut  in  aqueous  phosphoric  acid,  is  white, 
crystalline,  apparently  tridinic  according  to  Erlenmeyer,  permanent  in  the  air  and 
mm  a  slightly  sour  taste.  It  dissolves  without  alteration  in  dilute  acids,  but  is  decom- 
poted  by  water  into  free  phosphoric  add  and  the  neutral  salt. 

3.  The  dibarifUe  talt^  I^fH'P'O',  is  obtained  by  double  decomposition  as  a  scaly, 
oystalline  precipitate,  soluble  in  20,570  pts.  of  water  at  20°,  somewhat  more  soluble 
in  water  containing  chloride  of  barium,  chloride  of  sodium,  or  ammoniacul  salts; 
according  to  Ludvig,  it  dissolves  in  4362  pts.  water  containing  1*2  per  cent  chloride 
of  sodium  or  0*8  per  cent  chloride  of  banum ;  addition  of  pure  ammonia  renders  it 
less  soluble.  It  dissolves  easily  in  dilute  nitric  or  hydrorhloric  acid,  less  easily  in 
acetic  acid,  of  which  it  requires  400  pts.  of  specific  gravity  1*032  to  dissolve  it.  From 
the  solution  in  nitric  or  hydrochloric  acid,  ammonia  added  in  excess  throws  down  the 
tribarytic  salt  (Berzelius)  or  a  salt  intermediate  between  the  di-and  tri-barytic  salts. 
The  precipitate  also  contain  chloride  or  nitrate  of  barium,  and  a  small  quanti^  of 
ammoniacal  salt>  while  neutral  phosphate  of  ammonium  remains  in  the  wash-water. 
(Ludwig,  Wackenrodor.) 

A  salt  having  the  composition  Ba«H«P*0;«.3H»0  -  Ba"'H*I«0'.Ba«H'P»0\3H»0, 
intermediate  between  tiie  mono-  and  dibaiytic  orthophoephates,  is  formed  by  predpi- 
tating  a  solution  of  the  dibarytic  salt  vith  alcohol. 

A  solution  of  dibaiytic  phosphate  in  nitric  add  yieldf,  on  addition  of  ammonia,  a 
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irrooipitAt*  consisting  of  hatytic  phnrpAatfl-nitrnf^,  2Bii*H*P*0*3«'TfH>*  «Ue^  q 
Ignited,  IcnTcs  &  mixtaru  of  di-  and  tn-lHir)rttc  photphoieeL    (WaekenrodcL) 


5.  The  iriharytie  salt,  Ba*PK>Ml'0,  u  formed  bj  precipitating  chUiride  of  li 
frith    trUodic    phosphate,   or  with    disodie   phosphate    mixed   with   anuDOBii, 
sep«rst«a   as  a  haary  granular  Dowder,  the  superuatant  liquid    n*niaining 
It  gives  off  vater,  bat  not  the  whole,  at  200*^,  and  does  sot  absorb  earbonic  adJfra 
the  air. 

A  Isolation  of  thia  naif  in  aqaeoos  phosphoric  add  evaponit^d  on  the  wat^balh, 
depouU  a  crystalline  powdir,  and  if  it  be  then  heated  tu  boiling  and  fiUcrtd.  tit 
fiitnitc   on   further  eraporation  yields  the  muuobarytic  aolt  in  (apparentlj  tzieUnr^ 

[  crystalfl ;  but  if  the  original  solution  bp  al  onoo  heated  to  boiling,  it  depoaita  ayrt^hii 
graoulea  of  the  diborytic  aalt,  Ba'H'F'O',  while  the  mother-liqaor  retaiiu  a  buTlii 
pboephnt«  containing  lat.  barium  to  6  at  phoephonu.  (Erlenmeyor,  JahraibL  IttS, 
p.  146.) 

A  sntonited  tolatioa  of  tribairtic  phofiphat«  in  hydrochJoric  acid,  if  enponM 
and  Ifft  to  rool,  deposita  cryntab  of  chloride  of  barium,  the  moth^'r-liqQof.  ifta 
repi^ttted  cryatjtlliBation,  containing   a   larger  and   lu-ger  proportion  of  xnonobiVTtie 

fpho^phaff:  nnd  if,  after  oil  the  chloriue  has  bp«n  aeparated  as  chloride  of  banus^ 
mure  bytlrocbluric  acid  be  added,  in  quantity  at  lf>a»t  half  as  great  as  that  originaQj 
pfMii-nt,  the  whole  of  the  barintn  may  be  sepamted  is  chloride  and  pure  phoepWit 
acid  obtained.  If  the  solution  of  tribanlic  phosphate  in  faydruchloric  aod  U 
evapomteil  at  the  boiling  heat,  shining  needles  form  in  the  liquid,  and,  if  aepanied 
by  dooantation,  immediatclv  crumble  to  a  ciyttalline  powder.  A  aolntion  from  vtici 
those  crystals  had  separated,  yielded,  when  mixed  with  a  quantity  of  watar  suffideut  tu 
rcdiikfolTe  them  completely,  and,  expoaed  fur  screral  months  to  a  sommer  hmt  o  » 
Te«iel  corered  with  filter-paper,  hard  wrll-definAd  crystals  of  a  piofpAaio-e^Sandd, 
4(Ba''H«P»0»).Ba'*Cl»  (Erlenmeyer.  Jahreeb.  1857,  p.  147.) 
A  salt  intermediate  between  the  di-  and  tri-baiTtic  phoipbatM^  and   eootiimat 

BaT*0'.BlI*U'r»0"  or  Ba*lI*P*0'*  is  formed  on  mixing  a  solution  of  the  dibazytieHlt 
ID  hydrochloric  acid  with  a  quantity  of  ammonia  exactly  sufficient  to  precipital*  it 
(Beraelins.)  According;  to  Ludwig.  a  solution  of  dibaiytic  phosphate  in  bydro- 
chloric  acid  yields  on  addition  of  ammonia  a  pkosphaio^hloridc  vf  bariwtm  oootainiii| 

3B"a*P*0'rBa"Cl*.3HK). 

y.  Pt/rophotphate^  Ba1"0'. — Pyrophouphoric  add  precipitatf^  baryta-water, 
but  not  burium-salts ;  the»e  salts,  bowerer,  form  with  pyrophosphate  of  aodima,  i 
white,  amorphouB,  pulrerulont  precipitate  of  bar^tic  pyrophosphate  containing  1  at 
^raT('r  at  100°  according  to  Schwa izrnberg,  2  at.  according  to  Gerhardt.  Il  if  fl 
fipuringly  soluble  in  waiter,  aqueous  pyruphosphoric  acid,  and  aqueooa  sulphuroos  arid ;  H 
more  Bolabtc  in  hydrocliloric  or  nitnc  acid  ;  nut  perceptibly  a<nuble  in  acetic  add,  in 
water  coiitaiuiug-fal-ammoniac,  or  In  excess  of  sodic  pyrophosphate,  of  which,  boweTre. 
it  takes  up  a  certain  quiuitity. 

Pboapiiatea  or Blamntli*  a.  Afetaphoiphatt, — Trioxide  of  btsniiith  ftmi 
with  excess  of  phosphoric  anhydride,  forms  a  clear  glass,  which  on  slow  cooh'ng  witiift** 
quant  stirring,  yields  a  urvstulline  salt,  apparently  consisting  of  t'Ctr&met^iIuMjibtfs 
of  bismuth.  It  is  insoluble  in  water,  and  is  decomposed  by  i^ulphideof  sodflOB,  farniilg 
a  teaadouB  mass  probably  containing  tetnunetaphosphate  of  sodium. 

A  solution  of  bism  nth -nitrate  mixed  with  metaphosphoric  acid  and  then  witk 
ammonia  forma  a  precipitate  insolnble  in  excess  of  ammonia.     (Peraox.) 

3.  Orihophospkatea,  Bi^POV — Precipitated  by  nitrate  of  bismuth  from  a  •q1s> 
tiun  of  orthopbosphoric  acid  concainiag  nitric  add,  bat  free  from  hydrochloric  or  fol* 
pburii:  acid  (Chancel,  Compt.  reud.L  416;  Jahreab.  1S60,  p.  622).  Th«  nne  cab 
containing  %  at.  water  is  formed,  according  to  Kiihn,  by  digesting  crystalliaed  bistanlh- 
nitnita  with  ordinary  phosphato  of  sodium. 

y.  PyTopho$phatf.—11S^'^0'.%?^*  or  BT*P"0*>.    Obtabed  by  pr^pitatioD  ia  the 

same  manner  as  the  orthopho»phate.     (Cliaucel) 

Ptiottpbatea  of  Cadmium,     a.  MctaphospUafea. — When  oxid<-  of  cadraiuBB 

fhArd  with  phufplioric  aiiU^drule,  an  insoluble  salt  separates,  which  when  de<Cumpos«d 
by  sulphide  of  alkaii-raetai  yields  a  t*  tra/Httapkoa/tfuiU  (Fleirmann).     Nitrmtetrf   — 
cadmium  mixed  with  metaphosphoric  acid  and  then  with  animotiin.,  forma  a  prrdpitat4 
which  disifolves  in  excess  of  ammouia,  but  Beparates  again  as  the  anuuuoia  eTaeoiaUa  i 
(Persox.) 

6.  OrthophoMphaie,  Cl'P'O". — Obtained  by  precipitating  a  n<»ntTal  solaliaaflfa| 
(todnu'c  salt  with  disodic  orthophosphate,  us  a  white  insoluble  powder,  which  melts  to  a 
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tnnffpAr»nt  glu«.     According  to  Euhn,  the  procipiUte  aometImM  consists  of  •  mix- 
ture of  di-  and  tri-cadroic  salu. 

PyropJkosphaiti,  Cd«P«0'.2H*0  (at  lOO**).— This  salt  t»  obtained  by  precipiUtion 
u  a  while  amurphous  heavy  powder,  which  diwolTes  in  sulpharooB  acid  and  Kparat«« 
ID  nacrtH)us  Inmins  on  boiling  the  solution.  It  is  insoluble  io  water  and  in  potaah, 
•olubU  in  acids,  in  ammonia,  and  in  rxceas  of  sDdie  nympho«ph«t«,  whence  it  is  preci- 
pitated by  sulphide  of  ammonionL  When  igoitod  in  hydrogen,  it  gives  off  a  little 
phoaphorouH  anhydride  and  phosphowtted  hydropen,  yields  a  small  Bnblimat*i  of 
cadmium,  aud  U-aVos  a  white  a&line  maw  still  coctaising  phosphoric  acid  and  uxide  of 
cadmtura.     (Schwa  rsonberg.) 

Vlioftptiatea  of  Calotnm.  a.  Metaphotphates. — The  monomft^phfigpkaif, 
Ca'PH)",  is  obtained  by  dissolving  carbonate  of  calcium  in  orthophosphorie  itcid,  then 
craporntiDg  and  heating  the  residue  to  Z\6°,  as  an  insoluble  white  powdor,  which  ia 
not  altered  by  vator  or  dilute  acidtt,  but  is  dtK^omposed  by  strong  aulphnric  acid 
(M  iidd  rel  1).  It  is  not  docomposed  by  alkaline-CHrbunatefi,  ao  that  ita  acid  cannot  b« 
tmosferred  to  other  basea.     (Floitmunn.) 

Dimrttpiitspfiaie  of  Calcium,  Ctt'P'0".4lI'0,  is  obtained  pure  and  crjstalline  by 
precipitating  the  correaponditig  potatisium-  or  sodium-salt  with  excwa  of  ddoride  of 
calciam.  It  is  ioHoluble  m  water,  and  is  but  slightly  attacked  by  strong  hydrochloric  or 
nitric  acid  ;  bat  strong  sulphuric  acid  decomposes  it  uomplvtelv  when  heated  with  it. 
It  gives  otr  all  its  water  at  a  red  heat;  the  ignited  suit  no  longer  coDtoina 
dimetiiphoaphoric  add,  and  is  not  decomposed  by  digestion  with  alkalino  curboaatca. 
(Fleitmann.) 

Dimctapkisphatc  of  Calcium  and  Ammonium^  Ca''{NH*)*P*0'*.2H'0,  is  obtained  in 
spicular  crystals  by  mixing  a  solution  of  caldc  chloride  with  excess  of  the  amnionium' 
salt  and  adiling  alcohol.  It  is  insoluble  in  water,  reacts  with  acids  like  the  puro 
calcium-salt,  and  dnev  not  give  off  all  ita  wat«r  till  heated  to  redness.  The  precipitate 
formed  by  chloride  of  calcium  and  dimetaphosphate  of  ammonium  always  cootains 
ammonia,  even  when  the  chloride  of  calcium  is  added  in  excess.    (Fleitmann.) 

$,  Ortkophoaphatetof  Calcium. — 1.  The  mom»rf/jtw*j/<,Ca'H*P'0*,  is  produced 
by  dissolTini;  the  di-  or  tri-calcic  salt  in  aqueous  phosphoric,  nitric,  or  hydrochloric  acid, 
and  cryatalhses  on  evaporati.>n  in  small  laminnf  or  scales  oontaininc  1  at  water.  It 
has  a  strong  acid  reuctioo,  becomes  moist  ai)d  gmisy  when  exposed  to  the  air,  and 
dissolves  nntdily  in  water,  forming  a  solutiuD  from  which  alcohol  precipitates  ■ 
mixture  of  mono-  and  di-caleic  orthophosphateH.  or  a  salt  of  intermediate  coni[M>siti<in 
containing  Ca*H'»P^"  -  2CaH'P*0«.Ca»H»P'0«  (Bcracliub)  or  Ca'H1«0'«  =- 
CttH*P'0*.Ca*HT"0'  (Raewsky).  According  to  Erlenmeyer  (Jahre^b.  1857,  p. 
\\h\  the  crystals  of  monocalcic  phosphate  are  aecomposcd  by  cold  water  into  dicsicie 
orthophoephatc  which  separates,  and  a  hyperacid  salt  which  remains  in  solution. 

Monocalcic  phosphate  melts  when  heated,  giving  off  all  it«  water,  and  Icanng  an 
insoluble  metaphosphate.  When  ignited  with  charcoal,  it  gives  olf  carbonic  anhydride 
and  phosphorus,  and  leaves  a  residne  of  tricaloic  phosphate  (p.  fiOO). 

Compounds  of  monocalcic  phosphate  with  chloride  of  calcium  are  obtained  by 
eraporating  a  solution  of  triealcic  phosphatA  in  hydrochloric  acid  (p.  dS7). 

An  impure  mixture  of  tnonocalcic  phosphate  and  gypsum,  sometimes  mixed  with 
organic  matter,  is  much  uaed  as  a  manure,  under  the  name  uf  "9Upc>rphospbat«?  of  limo" 
cr  "disintegrated  bone-ash ;"  it  is  ppepared  by  mixing  the  grouud  bont's  either  raw  or 
burnt  with  5  to  10  per  cent,  sulphuric  acid.  (See  Richardson  and  Watts'  CKcfnitcl 
Tfchnologtj,  i.  [i]  2G2.) 

2.  Dicalcic  orthopkosphatr  or  nmtral  phatpkaU  of  calcium,  Ca^I'P'O*.  is  formed  liy 
procipitating  chloride  of  calcium  with  an  alkaline  orthophosphate,  cspeaully  when  the 
solutions  are  slightly  acid.  The  pn'ciprtAt«8  thus  fortned  vary  in  their  amount  of 
water,  and  are  <!r}*stalline  or  amorphoae,  and  more  or  less  soluble  in  lU'ids,  aeeorling  to 
the  manner  of  the  precipitation  ;  they  uHeu  also  contain  admixed  tricaJeio  phusphat^. 

a,  Tcfrahj/drat'd,  Ca"H*P*0*.4H'0. — A  salt  having  this  compo«itton  is  the  priiicipnl 
conatituent  of  certain  ovoid  concretions  found  in  the  soA'-ntxl  unrr^Ts  and  the  cloaca  uf 
thn  sturgeon  (callecl  BdugcnHeine  in  Gcnnan.  from  Bjdiutja,  the  Russian  name  of  the 
fish).  It  is  formed  when  a  solution  of  an  alkaline  orthnphosphate  is  poured  into  a 
solution  of  chloride  of  calcium  (Kaewsky).  and  may  be  oMainiKl  cryMttlli.ied  by  pn*- 
cipitating  chloride  of  calcium  with  excess  of  disodic  orthophosphate.  dituolving  the  pre- 
cipitate in  acetic  acid,  and  leaving  the  aolution  to  itself,  or  by  pouring  the  i*oliition  of 
calcic  chloride  into  a  solution  of  sodie  phosphate  mixed  with  a  lur^e  «|nantity  of  acetic 
acid;  or,  according  to  Percy,  by  completely  predpitatingchlurid'^  of  calcium  with  a  very 
dilute  solution  of  sodic  phosphate,  and  pacing  carboiMC  acid  into  tlir  liquid,  whereby  a 
portion  of  the  precipitate  is  dissolved;  the  filt«rvd  liquid  left  lu  it&elf  iu  a  locwly 
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covered  Tessel  doposita  the  salt  in  rhombic  pUt««.  VHien  a  Bolntion  of  chloei&a  4 
calcium  is  precipitated  b;  a  alight  excess  of  oroinarj  eodic  phovpbatr — th^  •ololioB  vrtk 
the  pivcipitate  dirided  into  two  e^iud  ptrta — to  one  poition  joat  enough  aiuicorfajdiv 
Lehloric  acid  added  to  effect  solution  without  the  aid  of  heat — the  other  p(xl»  ika 
l^ldilrd  — and  the  whole  allowed  to  Ktaud  quietly  for48bonr« — the  amorpboaa  pna|a|gte 
of  dicalcic  phot>t>h«te  incrt'aeeif  rupidljF  in  dpnait^,  and  ia  graduaUjr  ooDTerted  ioito  la» 
vhite  acalea,  vnich,  under  tbc  raicruftcopr*,  present  the  aprpeaxttiMe  of  thia  labals 
riiumbic  prisms,  with  the  acute  prismatic  edfcea  generally  tmneafMi,  ao  fhat  the  efjitalt 
have  the  appenrance  of  irregular  aix-aided  tables.  The  eajt  thos  formi^d  bai  4» 
eompoaitiou  above  given:  it  is  decomposed  bj  hotting  in  w^ter,  and  becoffles  bsft^, 
opaqupp  and  iodiiitinctlj  cr>'9tallino;  the  supcmatant  liquid  atroD|^ly  reddans  litm 
(Bodeker,  Ann.  Ch.  Pharm.  Ixir.  306).  The  same  hjdratsd  amlt  la  likewise  ohtanri 
in  rhombic  tablets  bj  allowing  a  solution  of  diaodie  phoophate  to  diil^ue  slowly  am 
chloride  of  calcium.    (DrevermanD.) 

TrtrHhydrated  dicalcic  orthophoRphate  does  not  lose  weight    in   ramo  at  oftliavj 
tempe  nil  urea,  but  when  heated  to  150°  it  gives  off  all  ita  water,  according  to  Bukkix;  I 
according  to  Perxy,  it  gives  off  2  at.  water  at  140^. 

h.  THhtfdraUd,  Cn'H«PK)*.3H'0.— This  hydrate  separatee  in  right  rhombic 
when  limeatone  ia  subject*^  to  the  action  of  pboepbate  of  aminoniani  and  cartunil 
add  (Becquerel),  and  is  obtained  as  a  crystalline  precipitAte  when  a  soltttius  of 
sodio  phosphate  ia  di<oppod  into  a  Urge  exceas  of  calcic  chloride  (Be rceli  as);  alai^ 
ocoordiug  to  Raewaky,  when  the  solution  of  calcic  chlonde  ia  added  to  the  sodtc  pbcs- 
phate.     It  gives  off  all  its  water  at  a  red  heat 

Dicalcic  orthophoepliate  is  nearly  inftolnble  in  cold  wat^  and  is  resolred  by  hoiUm 
with  water  into  inM>lubU'  tricalcic  and  soluble  monocalcic  phosphate.  The  preeipi**!*^ 
salt  dissolves  to  a  slight  extent  in  exce«  of  chloride  of  ctlcium,  bat  is  reprecipitat*d  t^ 
addition  of  ammonia.      It  is  somewhat  more  soluble  in  water  containing  a  saaD 

Jttuntity  of  chloride  of  sodium,  ammoniacal  siUts,  starch,  or  gelatin,  than  in  pore  wttis. 
t  dissolves  midily  in  nitric  and  hydrochloric  acida;  acetic  acid  likewise  £aaahv«  tt» 
hut  with  some  difficulty  when  it  is dinse, or  when  it  baa  been  precipitated  by  Luvm d 
sodic  phosphate;  thf>  solution  thus  ubtuined,  when  left  to  itself,  aooo  deposits  ihs  mh 
in  cryftola ;  if,  on  the  contrary,  the  chloride  of  calcium  was  in  excess,  the  salt  diaolfw 
more  eotnly  in  acetic  acid,  and  the  solution  remainaperfectly  cle«r.  The  soil  diflwl?M 
also  in  other  organic  acids  and  in  carbonic  acid,  xlie  acid  solntions  react  with  alkalii 
just  like  solutions  of  the  tricalcic  salt     Sulphuric  acid  decomposes  it  oomplsteJIy. 

3.  Tricalcic  orth&ph^phate  or  Ntttira/ phosphate  ofcaiciumy  CaP'O*or3Ca"0J*0'.— 
This  salt  occurs  combined  with  chloride  and  fluoride  of  calcium  in  apatite  (i.  349),  ud 
purein  uBteolit«(iv.  347).  It  forms  tbe  chief  constitoent  of  the  inar:gaiiic  part  of  boos^ 
(i.  622);  at  alt  events,  the  procipilJite  funned  by  diattolving  bone-aah  iu  nitric  acid  ud 
precipitating  with  excess  of  ammoDin  has  thia  composition  ;  the  boncas  of  aiany  ""i^'V 
during  life,  perhaps,  contain  numi-'whuT  less  lime.  Bone-aab  contains  about  four^ftfaiaf 
ilH  weight  of  tricalcic  photiphate,  the  remainder  consisting  of  phosphate  of  ma_ 
and  c«rbi>nat(>  of  calcium  ;  tricalcic  phosphate  likewise  occurs  in  consjdfrable  qn 
in  theexorementsof  carnivoruuB  HDimalsand  in  coprolites.  Bvrzelios  formerly  i 
that  the  phosphate  of  caleium  contained  in  bone-eurth  was  not  pnre  tricalcic  pfc 
but  that  the  ignited  compound  oonRisted  of  8CaO.PK»*  or  2Ca"P'O".Ca"P*0', 

Tricalcic  pho4iphat«  ia  oUtaiued  in  the  amorphous  state  by  prrctpitatinff  ohloBdeitf 
calcium  with  triHodic  phosphate ;  by  slowly  adaing a  solution  of  disodic  orthopboqpliats 
mixed  with  ammonia  to  a  solution  of  chloride  nfcalcinm.  the  latter  being^  kept  ia  csasi; 
by  mixing  chloride  of  calcium  with  less  than  the  equivalent  quantity  of  disodic  oftb^ 
phosphate,  and  precipitating  with  ammonia;  or  by  treating  dicalcic  otthopbosptMts 
with  caustic  potash  or  soda,  which  abstmcts  one-third  of  the  acid: 

8Cfa^H'P*0»   +   2KH0     «     2(5'a»PH)»   +   2KH«P0«    +    2HK). 

The  salt  obtained  by  either  of  these  processes  is  a  translucent  gelatinous  pivdpitrii 
which  dries  up  to  a  white  purthy  powder. 

The  salt  is  obtained  io  The  erysluUine  state  b^  heating  dicalcic  pyrophosphale  with 
Water,  when'by  it  is  resolved  into  phosphoric  and  and  tricalcic  phosphate,  which  tbra 
separates  in  rectangular  plates: 


SCa»PK>'   ^    3H»0 


2Ca*PK)«  +   2H*PO*. 


Dicalcic  orthophosphato,  heated  with   water  to  280'-*,  undergoes  a  similar  but  alowir 
and  less  complete  transformation,  and  the  resulting  tricalcic  salt  forms  indistinet  prisiu. 
(H^'ynoai*.) 
Tbc  precipitated  salt  contains  in  the  air-dried  state  3  to  6  at.  w&tcr,  3  aC  of  wind 
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gmlaally  escape  at  commoo  temperaturea :  the  salt  dried  at  100°  BtiU  retaioa  1  ati 
water  (Lud wig);  according  to  CeneliaB,  the  compnund  rontairu  2  nt.  water;  after 
drying  at  200'*  it  is  aohvdroue.  It  i»  not  deoompoaed  bj  simple  ignition,  but  when 
bealfd  to  rt*dnesa  with  silica  tind  charcoal,  it  gives  off  carbonic  oxide  and  pbosphoros 
(p.  600),  and  in  mnvertpd  into  silicAt(>  of  ciilcium. 

Tricalcic  phosphate  ia  inaoluble  in  pure  water,  alcohol,  and  ethfr,  slightly  aoluble 
in  water  coDlAJning  chloride  of  aodiurn,  ammoniaeal  salts,  goliitin,  Htarch,  and  other 
i>rganio  matter*";  more  Boinble  in  wster  containing  carbonic  acid.  A  litre  of  water 
Bii»urHt«i  with  carbonic  acid  diasolvea  0-663  gnn.  bone-earth,  the  greater  part  of 
which  (0*500  crm.)  ttepamte.'*  on  boiling,     (Liebig.) 

Tricalcic  ptiosphute  diwtolTes  ensily  in  nitric  and  hydrochloric  acids,  eomewhat 
leas  easily  in  atvtie  acid  iind  other  organic  acids.  It  is  completely  decompoeed  by 
eiboess  of  sulphuric  ucid,  if  not  too  dilute.  A  solution  uf  polassic  or  sodic  carbonate 
doea  DOC  decompose  it  in  the  cold,  but  partial  decompoeitiua  takes  ulace  on  l>oiliDg  or 
ftiaing  the  salt  with  an  alkaline  carbonate.  Triculctc  phospbute  diaaolTed  in  hydro- 
chloric acid  is  decompoeieil  by  ferric,  nrunic,  cenc  salte,  &.c^  in  the  manner  already 
described  (pp.  £44,  646).  From  a  solution  of  ibe  salt  in  nitric  acid  mixed  with  acetate 
(tfpotaaaiuni  or  sodium,  acetuteof  lesdthrowsdownaU  the  phosphoric  acid  as  phosphato 
vi  lead.  From  a  similar  solution  the  calcium  is  completely  precipitated  as  oxalsXe  by 
addition  of  oxulato  of  ammoaiani,  the  whole  of  tbu  phosphoric  acid  remaining  ia 
•olution. 

The  salt  8Ca"0.3I^O».H'0  -  2Ca'P^rC8'Hn^0».  formerly  supposed  by  BerreUM 
to  exist  in  hone-earth,  is  Renerally  obtained  as  a  gelatinous  precipitate  when  an  acid 
•olution  of  tricalcic  pho«ipbate  is  treated  with  ammonia  not  in  excess* 

Phusphato-chl-t/ridcs  uf  Calcium. — Some  varietiesof apatite  conBistof  3Ca*P  CCa'Cl*; 
in  others  the  chlorine  is  wholly  or  partly  repUced  by  tluorine.  A  compound  of  tncaldo 
phosphate  with  chloride  of  calcium  is  produced  artiticially  by  mixing  thn  re<*ently  pre* 
eipitated  dicakic  orthophotiphate  with  chloride  of  calcium,  and  gradually  heating 
the  mixture  (u  redness.  Hjpdroohluric  acid  then  escapes,  and  the  residue  still  contain* 
chloride  uf  calinum,  only  a  sniuU  portion  of  which  can  be  dissolved  out  by  water. 
The  exact  compo''ition  of  the  residue  has  not  been  ascertained. 

Compounds  of  njotiocaleic  ortho phosphate  with  calcic  chloride  are  ol>tained  by  ero- 
porating  a  solution  of  the  iriculcic  aait  in  hydrochloric  acid.  A  solution  saturated  and 
left  to  evaporate  at  cnnimnn  tpmperaturi^s  depoKits  cnista  made  up  of  rhomboidal 
plates  of  the  ealt  7Ca'HU'-0«.CaTKl4H"0. ,,  The  name  solution  evaporated  over  the 
water-bath  first  deposits  tlie  dicalcic  suit  Gi'H'P'O*,  and  the  filtrate,  when  farther 
evaporated,  yields  first  asmallqaantity  of  the  phoaphato-chlnride  junt  mentioned,  then, 
while  the  liquid  is  still  warm*  white  fcnlee  haring  the  compoeitTon  Ca"H*KO*.Ca"Cl'.H*0, 
The  same  salt  is  obtained  by  adding  chloride  of  calcium  to  a  folution  of  limn  in 
phosphonc  acid  rontaininjf  2  at.  CaO  to  3  nt.  P^O*.  and  evaporating.  At  temperatures 
below  6°,  this  Halt  sepam1«-8  partly  as  abore.  partly  in  long  needles  containing  8  at. 
water  of  crystalliaation  ;  these,  when  kept  in  a  closed  ressel,  are  resolred  at  ordinary 
temper&tnree  into  water  and  the  preceding  hydrate.  A  cold  saturated  solution  of 
dicalcic  phosphate  in  hydrochloric  acid  yields,  according  to  the  extent  to  which  the 
eTnporation  is  carried,  various  mixtures  of  salts,  among  which  monoculdc  orthophoa- 
pliAtc  appea.r8  to  occur,  but  never  pure.  When  a  eiolution  uf  dicalcic  urthophosphata 
in  hydrochloric  acid  is  saturated  at  ordinary  t^'mpemtures  with  tricalcic  phosphate, 
then  mixed  with  half  the  quantity  of  hydrochloric  acid  aJrrndy  contained  in  it,  and 
evaporated  at  a  very  gentle  heat,  so  far  that  ilbeginH  to  crystnliHe  on  cooling  beluw  C*^, 
the  crybt&ls  thus  obtained  are  very  much  like  the  first-mentioned  phosphato-chloride ; 
but  havti  the  composition  4Ca"H*P^0'.Ca''CP,BH*0  and  the  liquid  separated  therefrom 
yields,  on  further  evaporation,  the  salt  Ca'^H^P'OVCa-Cl*.  with  1  or  R  at.  water,  accord- 
ing to  the  temperature  at  which  the  cryaLallisutiuu  taJiea  place.  (Erlenmeyer, 
Jaiireab.  1867,  p.  146.) 

Trieaide  phosphate  ict/A  Afuminie  Hydrate^  Ca'P'0'.2Ar'H'O". — A  mineral  having 
this  compoRition  has  lately  been  found  occurring  as  a  light,  soft,  white  powder  in 
cavities  and  flst^ures  of  a  mass  of  quartr -crystals,  mixod  with  iron  and  copper  pyrites 
and  partly  coated  with  childrenite,  from  Tavistock  in  Devonshire.  Under  the  micro* 
scope  it  is  seen  to  ooDaist  of  minute  aciculor  cystals,  trunKparent  to  tninHlucent  and 
fragile.  When  heated  alone  it  glows  and  becomes  opaque,  and  after  ignition  givee  a 
dictinct  blue  colour  with  nitrate  of  cobalt.  It  gives  no  colour  to  a  borax  bead  (unlesa 
childrenite  is  present).     It  gave  by  analyaia  30  3fi  per  cent  P'O*.  36-27  Ca"0,  2240 

Al'O',  and  1200  water ;  the  above  formula,  or  3Ca''0.P=0'.AT"0»  +  3H»0,  requiring 
30-41  P-O,  36-S7  Ca"0,  22-06  AlKH.  and  U'fifl  water.  (Church,  Chem,  Soft  J. 
xviiL  263.) 
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A  tninvni).  tiu[>pn5(>d  to  b«  a  hvdrntMl  cxlcio-aluminio  phoftpfaate;  wu  (ocftd  bf 
Ditmottr  (luvtit.  tK5:),  p.  77;  J«lirf«b.  18d3.  p.  930)  in  this  diamond  fluid  of  B*^ 
It  occurred  iu  rouudeU  jwbllrtf  couUiioiug  12*7  per  ct^ut  water. 

7,  Pi/rophoiipftati'  0/  Ctifcium,  Ca'PK)'. — Aqueons  pyropho^boric  add  »  | 
cipitatrtt  Uoie-wuttT,  but  uot  culcium-Mittf.  Chloride  of  calcium  yield*  with  ritiiiiM 
phjite  of  sodium  a  white  nmor^thouii  precipital*  of  addc  pyrophosphate ;  and  if  tlii 
prrciniTitto  i»  diwolvtd  tn  a  saturuti'd  nqucous  aolntion  of  aulphiirou^  aad^ndtW 
aotutioQ  boated,  tbc  udt  44'parat««,  aa  tlie  anlphuroua  acid  pacapc*,  in  the  fnnn  d  « 
CTyKtaliint?  crust,  which  tloatts  00  the  snrfaw  of  the  liquid  at.  ^ret»  but  oltimat^ir  ua^ 
Mt  the  iKittoni.  It  IP  Rolublf  to  a  dmall  exrcnt  in  water,  insoluble  in  acetic  s^  r-l 
solution  of  wnlic  pjn>i>hi»<phHtt*  (Scbm  .irzeuberg).  Like  djcalcic  urthopW^^tU. 
it  IB  mom  or  Iohs  soluble  lu  m-etic  ncid.  aoi*ording  as  it  ha3  been  prtMnpitati-d  from  i 
•olution  i?ontainiog  exrf«K  of  chloritle  of  calcium  or  of  the  alkalio**  pvruphiriij^t 
(Baer).  It  is  cosiljr soluble  in  nitric  and  hydroddorie  ucid,  nearly  insoluble  iD«iju«^aw 
pyropho«p)iate  of  sodium.  The  crystalline  Bait  contains  4  at.  water,  1^  at.  of  vfaidi 
are  rctuined  at  lOO^and  I  at.  at  1L0°.    (Schwarzcuberg.) 

Vliospliatea  of  C^rlani.  The  only  known  phosphate  of  cerinm  ia  th#  triceroai 
orthophospha  tc,  Co*P-0*,  which  occum  aa  a  natural  mineral  \^*h  in  the  anh7drc«g 
ftod    the   b}dnttcd  etate,  and   is   formed   artificially  by   pr^  j*    it   ceroua  latl 

with   pho*<plionc   acid  or  a  soIuMe  phoAphute.      The  prtH  whit^,  pali>m* 

lont  WDon  dry.  insoluble  in  water  and  in  aqueous  pho«pnorii;  *i.;i«i,  r-iijjihtly  aoIubUia 
hydrochloric  and  nitric  acidti.  Whfo  Htrongly  ignited  in  a  charcoal-lined  crudMc^U  « 
neither  fused  or  reduced,  but  merely  caket  Iugeiht*r. 

Anhydrous  triceroua  phoapbate  ocoura  in  Cryptt^ilf  and  PkojfpJ^oeet^U^ 
ciuTcd  in  the  latter,  and  probaoly  also  in  the*  former,  with  the  corrctspooding  pboipbMsl^ 
of  lanthanum  and  didymium;  also,  togetbt'r  with  pliosphdte  of  Linthanuni  (andpn- 
bably  aJ»o  of  didymium),  pbosphAte  of  tborinum,  and  a  bmoil  quantity  of  phc«phate  d 
calcium,  in  MonagiU, 

CrffptoliU  was  diseorered  by  Wohler  in  the  rose-oolonred  &parit«  of  Arakdal  ih 
Norway,  from  which  it  is  nepamted  by  di&solving  tbo  apatite  in  nitric  acid.  The  cryptolits 
lA  th*:-n  It'ft  undiseolvt-d,  together  with  roicroAcopic  crystals  of  magnetic  inm-oc^  ' 
blende,  and  nn  unknnwn  substanceof  a  hyacinth-red  colonr.likevise  containing  osriu^ 
The  crystals  of  cr}'ptolile  are  bexa^ual  prisms  about  s  line  in  length,  and  of  a 
yellow  colour.  By  exposure  to  a  moderate  heat,  tbey  undergo  no  cbanjp»  eith*f  ra 
appearance  or  in  weighU  Specific  gravity  ■■  4*6.  Decomposed  by  strong  auJpbuiicaiad, 
the  whole  being  reduc<-d  to  a  dry  earthy  mass. 

Pho*phoorriU  wu«  diitcoverMl  hy  Mr.  OUite  Stmii  in  the  pobnlt-orpof  Johannisbeig  in 
SwetlcD,  of  which  it  forms  aWmt  the  one-thou5andth  port.  It  remniae  when  tiie  «n 
after  caJcinntion  is  treated  witli  hydrochloric  acid  for  the  purpose  of  extracting  the  e^ 
bait,  us  u  tn^yish*y<Ilov  crystalline  powder,  associated  with  a  small  quantity  of  nusato 
dark  purple  crystids,  wliich  are  vtrongly  attracted  b^  the  ms^et,  and  appear  to  eoodit 
of  mftgnt'tic  iron-ore  and  oxide  of  cut>atr.  The  crypt»lfl  of  pho8pbocent«>  when  txs- 
luiued  by  the  roicroBcope,  present  two  forms — one  an  octahedron  (not  regnlar),  the  ether 
n  four-Bi'ted  prinm  with  .^uadriliiteral  summits;  both  forms  appear  to  b^lon^  to  lbs 
trimetric  cyrtcm.  Hanluf^tfi,  h*>tweon  50  and  66  (Obspraaa,  Chem.  Soe.  Qa.  J.u, 
lfi4).  Specific  granty  =  4  78(Wutt8).  Wffen  exposed  to  the  blowpipe  fl>»rn^.  it  f^rTrflH 
partially  on  the  edges  and  surface,  tinging  the  finme  at  the  same  timt  .T^ea. 

With  the  uvual  blowpipe  rwigents,  it  prewnts  the  rvaetions  of  cerium,  :  ■  _  uow- 

ever  to  the  bonix  ana  phiwphate  of  tioda  glassea,  when  cold,  a  pale  viult^t-Uw  tis^ 
either  owing  to  the  prnsencu  of  did^'mium  or  to  the  admistore  of  a  small  portion  of  tkt 
cobalt-ore.  With  l>onix  and  soft  iron  wire  it  produces  a  brittle  pbr>tiphide  of  MB 
(Chapm  an).  Oil  of  vitriol  uidcd  V)y  gentle  hi^at  drcomposee  it,  forming  a  pasty  IBM% 
which  is  soluble  in  cold  water,  villi  the  exception  of  a  small  quantity  of  silica. 

Annlt/it's:  a,  Vrt/ptoliU  {y^bhXffx,  Ann.  Ch.  Phorm.  Im  208).— A.  Photpkoemk 
(Watts,  Chem.  Soc.  Qu.  J.  il  181), 

a.  h. 

Phosphoric  anhydride         .        ,        ,        87*J7  29*33 

Protoxide  of  cerium,  &C.     -         .         .         70*26  6A'65 

Protoxide  of  iron        ....  1-41  270  FeM!)* 

Protoxide  of  cobalt     ....         .      .  O'iO 


( 


W-14 


99-li 


i 


Both  these  analyses  agree  approximately  with  the  formula  CeT*"©*  or  SCeOJV. 
irbich  requires  36  47  per  oeut  P*0*  and  69*53  CeO.     A  closer  agreement  is  seareeiy 
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to  bo  expf^et^,  iniismiich  fw  the  oxid^B  of  UnthAnum  und  didyminro.  which  Axjst  in 
htr-gie  qtuntity  in  phoaphoccrile,  and  are  probably  also  jovsent  in  crj-ptolite,  were 
not  flepamtt'd  from  th«  cerous  oxido.  Pho«phoc«rite  is  especially  remarkable  for  the 
large  amount  of  didymiam  contained  in  it  If  this  is  abto  the  case  with  cryptolite, 
there  can  be  bnt  little  doubt  of  the  identity  of  the  two  minerals,  for  the  differeneea 
observed  in  the  cryatAlliue  formn  eannot  be  regarded  an  important,  or  as  quite  difltinctly 
ariKde  oat,  inasmuch  ns  the  crystslri  are  merely  microecopic. 

Hy  dratcd  triecrous  phosphate  has  lately  been  found  by  Chnrch(Chem.  Soc. 
J.  xriii.  269)  in  u  cnrBtallitK-d  mineral  from  Cornwall,  occorring  as  a  thin  croat  of 
rery  minutA  crystrtla,  closely  inresting  a  quartxooe  matrix.  The  ciystala  are  ge- 
nerally ftrrange<l  in  fan-like  gronpe  of  singlo  rows  of  prisms,  hanng  their  faces 
of  union  paraih'l  To  the  Iftr^pr  UttTal  prismatic  phinen.  S^^metimes  the  structure  is 
mlmost  columnar,  or  in  railiuting  groupg,  presenting  a  drusy  snrhiee,  and  in  geneml  ap- 
|M*aranee  somewimt  like  lluit  of  warellite.  The  crystals  sppear  to  be  monoolinic,  and 
arepHfimatieallydevploped.  The  end-face  oPis  usually  sn  unmodified  rhomlwid;  some- 
tlm<?8.  however,  its  acute  ariKles  are  truncatoA.  Cleavage  parallel  to  oP,  very  perfect ; 
the  cri'stAlfl  are  deai'nble  alno,  parallel  to  a  plane  replacing  the  acute  solid  aoglM  or 
acute  pH.smatic  edges;  also  parallel  to  the  larger  lateral  prismatic  planes.  The  crystals 
are  fragile,  trunsparent  to  translucent,  with  vitreous  lustre,  bright,  pearly  on  the  end- 
faces;  colour  pale  sraoke-sfTey  inclining  to  fieah-red;  streak  and  powder  white.  The 
erystaU  are  doubly  refmctive.  Huroness  mther  above  3;  specific  grnvity  approxi- 
niatply  —  3  14.  The  miu.»nil  heated  alone  in  a  tube  becomes  opaque,  and  gives  oft 
wmter,  hiiring  a  very  faint  a^^id  reartion.  In  tlie  outer  blowpipc^flame  it  becomes  red- 
dish, nnd  theu  exhibits  the  difficult  ttoliibihty  of  cryptolite.  It  melts  and  dissoWec 
completely  in  borax,  forming  inthe  oxidisinf;  flame  a  heaid.  which  is  opaline  and  orange* 
yellow  while  hot,  colourless  or  slightly  amctlivftini  when  cold. 

The  minoral  pivps  hy  analyses  (mean)  U&3  per  cent,  phosphoric  anhydride,  filS? 
eemras  oxide,  6"42  lim**,  and  1493  WHt^r,  nKroeing  neinv  with  the  formula  6Ce"0 
Ca"0.2P»0>  +  8H*0  or  {SCe".i(V7P«0«.4ir-0,  which  reiiuires  2773  per  cent.  PH)« 
6273  Ce'O,  5-47  Ca"0,  and  1407  water.     (Church,  Ch*-m.  Soc.  J.  xriii.  269.) 

Vtiosplaates  of  d&romlnm. — a.  Chromic  metaphnttphntf,  Cr'O'.SP'O',  oi 
Cr^P^O*,  is  obtained  as  a  prrien  anhydroua  salt,  perfectly  insoluble  in  water  and  in 
acids,  by  evapomting  u  solution  of  chromic  oxide  in  excess  of  aquoous  ortbophosphorif 
acid,  and  heating  the  residue  to  316^.     (Maddrell.) 

0.  Chromaus  orthnphotphate  is  a  blue  precipitate,  formed  on  adding  ordinary 
phoitphnte  of  sodium  to  the  solution  of  cliromous  chloride.  It  is  easily  soluble  io  acids; 
and  turns  green  on  exposure  to  the  air.    (Mob erg.) 

7.  Chromic  orthopho$phatt^  Cr"PO'. — A  solution  of  chromic  chloridemade  as 
neutml  as  possible  forms  with  phosphate  of  sodium  a  green  precipitate,  which  turns 
blue-black  in  drying.  (Vsuqaelin;  see  also  Dowling  and  Plnnkptt,  Chem. 
Gaz.  186S,  220.) 

When  diwidic  orthopho«phiite  is  added  by  drops  to  a  solution  of  chrome-a!um,  but 
not  in  sufficient  quantity  to  throw  down  nil  the  chromium,  a  bulky  precipitjite  is  formed 
consiflring  of  Cr  P0*.6H*0.  which,  on  standing,  becomes  dark  rioU't  and  CTyst/dlinr, 
The  Altmte  from  this  ppi'cipitate,  if  treatetl  with  a  qujtntity  of  nodic  phosphnte  sufficient 
to  preripitute  nearly  all  the  chrnmium,  yields  a  pentahydrated  salt,  (VPOVfiH'O,  less 
crystalline  and  somewhiit  lighter  in  coVnir  than  th<»  preceding.  If  the  solution  of 
chrome-alum  be  added  by  dn^i  to  t!i»*  solution  of  sodic  phosphate,  a  flocculent  greea 
precipitate  is  formed,  consisting  of  a  trihydrate,  Ci:'"P0*.3H*0.    (Rammetsberg.) 

8,  Chromic  pt/rophotphate,  2CrK)'.3P»0'  «  CVP'O'".— Formed  by  prwipi- 
tating  s  solution  of  crystalUswl  chrome-alum  with  sudie  pyrophosphate.  At  ordinary 
temperatures,  a  dirty  red  precipitate  appeans,  but  with  a  boiling  eolution  a  pale  greet, 
precipitate  is  obtained.  This  salt  is  soluble  in  nolntion  of  s<Kiic  pyrophosphate;  in 
strong  mineral  adds ;  in  water  acidulated  with  sulphuric  acid,  from  which  it  is  Again 
procipilated  in  an  amorpbonn  state  nn  boiling  r  and  in  solution  of  potash.  At  100*^  it 
aseumeH  a  deeper  green  colour,  but  aftvr  ignitiun  appears  paler.  The  hydrate  contaiDS 
7  atom*  of  water.     (Schwarzen  berg.) 

Pfaospbatea  of  Cobalt.  a.  Mriaphotphatea. — The  monnTnetaphofphate, 
Co''P'<)*,  Hcprtnites  lis  a  rose-red  powder  when  sulphate  of  cobalt  is  heated  with  excess 
of  orthophof-phoric  acid  to  316°.  It  i»  in«nluble  m  water  and  in  dilute  acids,  deeom 
prxied  hy  warm  sulphuric  acid,  scarcely  acted  upon  by  sulphide  of  ammonium.  (Mad- 
drell.) 

The  hfxmHnphotiphaU  is  obtained  hy  precipitrtting  chloride  of  cobalt  ^not  the  sul- 
phate) with  the  corresponding  sodium-salt.  Tht  precipitate  is  red,  nnd  is  converted 
by  agitation  into  uily  drops  soloble  in  excess  of  the  bodtum-salt.    (H.  Rose.) 
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0.  Orthophospkate,  Cd*P*O".?H'0.— Obtained  by  trpftling  •  coWt-Mll  wh 
dUudie  ortbophosphnte,  tw  m  reddish-blac  flocculpnt  prpciLitttte.  wbicfa  dJHalt«i  u 
rxcesa  of  the  cobAlt-Milt,  forming  »  r^  Kolufion.  vhirh  yi'Mas  oc  boiling  •  nd  p«t9*- 
ta(c,  rrdiasohintf  ub  the  liquid  cools.  By  decoraponng  pjropbospbate  of  cobu  vttJi 
watpr  at  IbO^.  the  same  ult  ia  obtaintid  in  amaU  lose-colornred  cty9tMX%  which,  vbn 
heated,  (vive  off  watar  and  turn  rfddish-blne.  By  hnutinf;  carbonato  of  eoUt  vixh 
excou  of  phosphoric  acid  to  160°—  leo"  in  a  sf-aled  tule,  a  bydrMtad  Halt,  (VP-Ky^'O. 
ii  obtain^  in  cryataU.    (Debrny.  Ann.  Ch.  Pharm.  exv.  50.) 

Ortho phosphate  of  cobalt  )■  insoluble  in  vater,  and  but  Tpry  slightly  ftolable  rvata 
proaence  of  ammonincal  salts,  but  dissolrcs  in  acids  aud  in  free  ammonia.  By  igmtia^ 
m  hydrogen  gas  it  is  reduced  to  tricobaltic  phosphide,  Co^F*,  Tb«  precifntatcd  mh  m 
used  oa  a  pigment.    (SalrStat,  Compt.reDd.  uriii.  2^5.) 

A  mixture  of  cubalt-phosphste  and  alumina  ri'pldt  when  ignited  a  fine  bloecolnc, 
known  as  Lei/iim  (more  properly  Lrithnrr^s)  or  ThrHortTs  U%u^  or  cobaii-Mltrum»%m. 
It  is  prepared  by  mixing  16  pts.  of  rfcentlv  precipitated  gelatinous  alumina  viih  ] 
pta.  phosphate  (or  1  pt,  araenate)  of  cobalt,  drying  the  mixture  thoroughly,  and  tfa« 
gradually  beating  it  to  redneaa.    (Haodw.  d.  Chem.  tL  362.) 

7.  Pyropkoiphatf  of  Cobalt  obtained  by  precipitation  ia  solnble  in  execM  if 
the  alkaline  pyrophosphate  and  in  ammonia.     (Scnwarsenberg.) 

Vtioaptiat«a  of  Copper*  a.  Metaphoapkatf. — This  salt  is  obtained  by  mixing 
eupric  sulphdtf,  nitrute  nr  oxide  with  a  ilight  excess  of  aqneons  pboaphor^  sci4 
(best  in  the  proportion  of  4  at.  cupric  oxide  to  6  at  phoHphoric  anhydride),  ersporariiif 
and  heating  the  mtUNi  with  constant  stirring  to  360'-',  till  it  no  longer  epirte,  and  phc»- 
phoric  ftcid  begins  to  escape  in  white  vapours.  The  miaa  when  cold  is  to  be  washed 
with  cold  water  till  the  wash-water  no  longer  exhibits  any  arid  reaction  :  the  rapne 
netaphoaphate  then  remains  in  a  pulrfnilent,  indistinctly  crystailine,  anhydrous  aUt 
If  a  larger  excrsa  of  phosphorio  acid  is  ui«od,  and  the  mixturv  Tery  srtnmgty  hMtal 
over  a  lamp,  and  then  left  to  cool  very  slowly,  the  cupric  metaphoaphate  sepaxitri 
in  shining  crystaU,  which  are  larger  and  more  distinct  in  pruportJoD  aa  the  man  \a» 
been  more  slowly  cooled. 

Anhydrous  cupric metaphosphate  is  bluish-white;  quite  insoluble  in  wafer,  n^riy 
insoluble  in  moat  adds  and  nlkaliB.  even  when  concentrated,  but  diesolrca  easily  m 
ammonia  It  is  eufity  decomposed  by  sulphide  of  ammunium  or  potassium,  }t*m  easily 
by  aulphtdo  of  sodium,  yielding  in  each  case  so  idknliuf  dimetapht^phate:  hence  tl 
salt  is  inffrred  to  bo  cupric  dimetaphosphate,  Cu'P*0"  or  2C«0.2P"0",  It  is  decoiD* 
pOBed  hy  warm  stmne  wdphiiric  acid  with  formation  of  orthophoephoric  Ac'd. 

The  same  salt  is  ol.tJiincd  in  small  widl  definM  hydnitpd  crystals,  Cu»P*0**8H"0,fcy^ 
mixinEfmodemtely  concentrated  solutions  of  cupric  rhloridp  and  aodic  dinietatdio«philr^i 
from  dilute  solutions  it  easily  tepArates  on  addition  of  alcoboL  It  ia  light  hfaii^ 
ineoluble  in  water;  does  not  part  with  its  water  of  cryBtallisatioD  at  100^. 
(Fleitmann.) 

Anmon io-cvprie  meiaphf>fj'hn U^  Cu''( NH •)T"0 ". 4 II'O,  is  obtained  in  conftised 
needle-shaped  crystals  on  mixing  modemfely  concentrated  solationa  of  ammnnimi- 
dimetaphosphate  and  cupric  chloride,  the  former  in  exceaa,  and  adding  alcoboL  It  ta 
bright  bluf,  sparinfrlv  soluble  in  Wiitf^r,  (fives  off  a  small  portion  of  its  water  at  oidinaiy 
temperfttur*^,  bat  Mill  retuinn  2  at,  wnter  at  1U0°  Sometimes  the  crystals  formed  by 
precipitation  aa  above  rontaiu  only  2  at.  water,  and  these  are  permanent  in  the  air; 
but  the  circumstancea  which  doterraine  the  formation  of  one  hydrata  or  the  other  an 
not  exactly  understood.     (Fleitmann.) 

$.  Ortkophr}sphaif», — An  acid  orthophoaphaU  is  obtain«>d  as  a  green  gumny 
mass  by  evaporating  a  solution  of  the  tricupric  salt  in  aqueous  phosphoric  acid. 

Dicupric  orth(tphi\n^hat' ,  OiTlT^*,  is  oV»taiiied  aa  a  blue-preen  floccnlenl  preeipitats 
by  completely  precipitating  cupric  ^u]phrtte  with  disodic  orthophoephate.  It  is  inw- 
lubTe  in  water,  sparingly  soNiblft^ven  in  preaence  of  ammoniacal  salts,  but  dissolTn 
easily  in  acids,  even  in  acetic  acid.  By  ignition  with  charcoal  it  is  reduced  to  din^irie 
phosphide,  Cu'P'. 

The  trinipric  salt.  A"PO»,  is  produced  by  precipitating  cupric  sulphate  with  aoeh 
A  quantity  of  disodic  orthophoiphate  aa  to  leave  the  former  in  excess,  or  by  beafiaf 
cupric  pyrophoMphrtt©  with  water  to  280^  The  first  method  yields  it  aa  a  blue-«rpro 
amorphoua  precipitate.  The  second,  in  dark  yellowitth-green  cryrtals  but  coutamine 
3  at.  water.  It  behaves  with  water  and  other  reagenta  like  the  dicupric  salt,  and  is 
reduced  by  ignition  with  charcoal  to  tricupric  phosphide,  Cu'P*. 

Sevt-ral  hydrated  basic  cupric  orihophosphabea,  or  compounds  of  cupric  ortbc^ilifl^ 
phttl«  uilh  cupric  hydrate,  occur  aa  natural  minerals;  their  formalje  are  aa  foUoes : 


( 
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Co«PK)».Cu''HK)* 

Ci*P«0".Cu"H»0'^. 

Cu«PK)'.Cu'H*0*.2»iq. 

(5i«P«0«.2Cu"H'0» 

C'u"FK>'.2Ca"H'0'Jui.  (?) 

Ctt»F''0V3Cu''H*0« 


Libelhenlle        ....  4Cu"0.F0».H«0 

PMudoUbeUienite       .        .        ,  4Cd''O.P*0*.2H*0 

!  TagUit« 4Cu"O.PK)\3H«0 

Dibjdrite  .....  6Cu''OJ»0».2H«0 

Ehlit*        .....  6Cu'*O.P«0».8H*0 

PhoephoelialciU         .        .        .  6Cu"OJ»0».3HK) 

Lib«tb«nite  occurs  at  Lib^'thpn  in  Hungary  and  at  Nischne  Tagilsk  in  the  Uml, 
ID  triinetricmatals.  Ratio  of  ax««,  a  :  h  :  c  =  0-9168  : 1 :  0-6749.  Angle  «P  :  oeP 
-  84°  6S';  P»  :  f^a»  (baaal)  «  68=>2'.     Ordinary  combination  ooP  .  1»»  .  P,  lh«lwo 

former  fuccs  en»atlj  predominating.  It  is  i^omo^phous  witJi  olirenit«,  Cu^As;  TyO*, 
Cu"HK)-.  Cleavage  paiulk-l  to  ccPos  and  <xf*«  veiy  indistinct.  It  likp*i»o  occurt 
in  globular  and  reniform  cominict  maaaea.  Ilordneaa  —  4.  Spociflc  gravity  »  3*6 — 
3'8.  It  is  Bubtransparf^nt  or  aubtmnalucirni,  with  oKvc-green  colour  and  »trcak,  and 
K^noaa  luatr«i.  Fracture  subconchoidal  to  uneven.  Britile.  When  hrated  it  give* 
offviitor  and  bUcltens.  It  colours  the  blowpipe  flame  faintly  Mue  and  ntlPT  beinff 
moi.-'tenfMl  with  hydPL-ehloric  acid,  di»t)uctlj  blue,  aod  melta  to  a  blucki«h  mass  wlii«*n 
•oUditiee  in  the  crj-stalline  state.  It  in  partially  reduced  on  cbartx>al,  completely  on 
addition  of  aodie  carbouate.  The  other  cupric  hydrophosphatea  exhibit  similar 
eharactcra  when  heittcd.  They  all  dis<HJlve  in  acids  with  blue  or  green  colour,  in 
ammonia  with  pure  blue  colour. 

Andyart  of  LibtthtniU. — a.  From  Libethen ;  crystalliied  (Kiihn,  Ann.  Ch.  Phtrm, 
li.    124)— A.    The  same   (Bergemann,  Pogg.    Ann.   qt.  190). — e.    From   Ni»chne 
Tagilak;  crystAlUscd  (llermanD,  J.  pr.  Chem.  xxxrii.  \1b); 
PO*    Aa^O*    Cu'O     H^O 
a.     29*44       .     .      66-94     405       «        10043 


b. 


26-46 
28-61 


2-30 


66-29 
65-89 


404 
6-0 


99-09 
100 


The  formula  4Ca'*0.P«0».H'0  requires  29-72  per  cent  P^,  66-51  Cu'O.  and  3*77  HK). 

Psriidolibetheni tefpom  Libethen  (so-caUed  libethonite)  analysed  by  Borthicr. 
(Ann  Min.  viii.  334),  contains  28-7  per  cent.  P-0»,  639  Cu^O  and  "-4  water;  that  from 
Linz  on  the  Rhine  (so-called  ehlito)  blackish  green,  and  of  speoifie  gravi^  4'27. 
analysed  by  Rhodiua(Ann.  Ch.  Pharm.  Uii.  371),  contains  28*9  P*0*,  63-lCVOand 
7-3  wattT.  The  formula  4Cu''OJ^O*.2H'0  requires  2864  PK)*.  64-10  Cu'O  and  7-26 
vater. 

Tugilite,  n  minond  flrom  Nitichne  Tagilak,  oecnrring  in  emerald-green  masaee  of 
«p«?iftc  gravity  3  5,  coutaina  26  91  per  cent,  P^O",  6238  Cu"0  and  1071  water 
(Hermann,  Uk.  ciL);  the  forrauU 4CVOJ^O».3H«0  reqoipwi 2764  P^O*.  61-86Cu"0 
and  10-51  water. 

D  t  h  y  d  r  i  t  e,  occarring  at  Vimeberg  near  Rheiobreitcnbnch,  and  at  Kiscbne  Tagilsk, 
in  small  dark  green  crystals,  resembling  phosphoohaldte  in  phyatcal  ch&racton, 
eontains : 

I«0»     Cu-0     HK) 

Vimeberg    .        .    2470     6820     597       -*       9887  Arfredson ;  Berz.  Jahrasb. 

iv.  143. 

Nischne  Tagilsk    .2530     68*21     6*49       -     100       Hermann, /oc.  ci^ 

The  formula  5Cu''0.r-Or2HH)  requires  2469  P»0*,  6906  Cn'O.  and  625  water. 

Khlite  (which  contains  VAimrlium)  has  been  already  described  (ii.  367).  Cupriehy- 
drophosphatcs  are  also  found  ut  Vimeberg  and  Nischne  Tagilsk  ccintaining  qnaniities  uf 
water  intermiHliiite  between  lhuf<e  belonging  to  dihydrile  and  chlite.  (liammela- 
berg'a  Minrrahhr/nif,  p.  346.) 

Phosphoe  biilc  ile  forms  heinih«?dnil  triraetric  crystala,  resembling  monoclinic 
forms.  Kntio  of  axes,  a  :  A  :  c  =  0  667  :  1  :  ^''J2  .  Anple  »?  :  ooP  =%  109°  28*;  oP  : 
Poo  -«  146"^  lS^'.  Observed  combination  acp2  .  oof  oo  .  P  .  oP  .  Poo  .  f «  .  PZ 
ilPoo.  Cleavage  parallel  to  aoPm,  imperfect  It  also  occurb  reniform  and  maitfdve. 
indistinctly  fibrous,  with  a  drusy  «urfacr.  Hardness  «■  45  to  6.  Specific  gravity  -. 
4  (0  4'4.  Lustre  adamantine  inclining  to  vitreous.  Colour  dark  green.  Streak  a  littla 
lighter.    Tninspnrent  to  sutitriinsluL'pnt     Fracture  small  concbo'idal.     Brittle. 

Anal'i»'H. — a.  From  VimebcTg  (Rhodius,  Ann.  Ch.  Phwrm  Ixii.  37). — h.  Fmm  Ehl 
on  the  Rhine  (Ber^femano,  Pogg.  Ann.  civ.  190). — c,  Froin  Himcbberg  in  the  Voigt 
land  (Kith  a,  Ann.  Ch.  Pharm.  zzxiv.  218): 
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F0» 
20-4 
19*89 

ao-87 


A«*0 

Vts 


Cu-0 
70-8 
69-97 
71-73 


84 

8-21 

7-40 


99-« 
90*85 

100 


The  formnlft  6Cu'0.P«O».3HK)  nqnin^  2111  P»0».  70  87  Cu'O  and  802  »«t«r. 

Thromboliteia  ttnnmorpbousinini'ralfromRetzbflnyii, oonsiwtiDgappiminwtiJTrf 
410  PO*.  30  2  Ca'O.  ftnd  168  water,  whence  it  u  probably  &Ca'O,3i*O».l(lH'0'  m 

Ca'P»O».2Ca'TH)M0HK).    (Plaltner,  J.  pr.  Cbem.  xr.  821.) 

y.  Cupric  Pyrophosphate.  Cu"P*0*.HK>  (at  100**),  prepared  by  prvdpritstinr  ■ 
cupric  salt  with  pyrophoepbate  of  eodium,  10  an  amorpbotu  gremiish'Wfait*  powdtf. 
which  become*  dark  blue  when  dried  at  100'*,  aiid  aaamefl  a  lighter  bltn  colovca 
ignition.  It  diswlTea  in  mincml  iicids  and  ammonia,  and  likewise  in  pyrc^ibo^ibrii 
of  K>diam.  Wben  boiled  with  cuuBtic  pota«h,  it  ia  resolTed  into  eupric  ozid»  wak 
orthophoephate  of  potasnum.  Solphoroai  add  diBOolrea  it  without  oonrcrting  it  iitb 
a  caprons  salt,  and  tha  solution  when  boiled  deponta  it  again  in  the  ojataUior 
It  giT«a  off  ita  water  on  ignition.* 

amtmmiaed     cupric      pyrophoaphaU      SCa'P*0'.2(N*H*Cii')*'0.4HX)     « 


0» 


I  .  4H*0  separatee  gradually  from  an  ammoniacal  solation  of  ciqioe  yjT> 


An 

{PH)>y 

H" 

phoephate  oovered  with  a  layer  of  alcohol,  in  nodular  gjoupa  of  nltramariDfr-«olov«d 
eryfltala«  which  moat  be  diied  ovar  a  mixture  of  sal-ammoniac  and  quick-lizae,  to  pmoA 

them  from  giving  off  lunmonift. 

Phoapbate  of  nidjmlnin,  l7i'PO'.2H'0,  seiiaratee  alowly  from  a  miztrm  of  Um 
eoncentrated  solutions  of  i)itnit«  of  didyminm  ancl  difmdio  orthophoephate,  qaiekljM 
diluting  the  liquid  or  on  boiling.  It  is  whitJ*,  pulremlcnt,  insoluble  tn  mter,  lU^tij 
Boluble  in  dilute,  easily  in  concentrated  acids;  givra  off  iia  water  at  a  heat  near  le&en 
(Mnrignac.) 

When  a  solution  of  didymic  eolphate  is  mixed  with  an  equiralent  quantity  of  pha»> 
phnric  acid  (1  at.  P*0'  to  3  at.  Di'OX  two-thirds  of  the  didrmiuzn  is  precipitated  in  iK# 
form  of  a  phosphate  which  in  the  drr  state  contains  3Dx*0.2FK>*.fiH*0.  while  the  tM 
remains  dissolved  and  is  precipitatea  by  ammonia  as  a  translucent  jelly,  which  dha»Dp 
tu  tniiislttoent  rose-red  lumps  baring  a  conchoi'dal  fracture.  (Hermann,  Jahresb.  IMl, 
p  176.) 

Plioapluites  of  Olodniun.  A  neutral  solution  of  nitrate  of  glnciDum  form  wftb 
disoiiic  orthophoephate  a  white,  amorphous,  pulverulent  precipitate,  whicb  when  dried 

oyvT  chloride  of  calcium,  consists  of  di^iucinie  orthnpht^phut/  (S'H'P'O'.SHK),      T^lh 
pyrophosphate  of  sodium   a  white  pulverulent  precipitate  of  glucinic  pyrophoephats 

d'P'O'.fiUH)  is  obtained.    (Scbeffer,  Ann.  Ch.   Fharm.  cix.    144;    Jahnab.  18SI, 

p.  140.) 

Pboapbatea  of  iron.— a.    Ferric  Metavhogphatf,  FoH)».3P*0»  op  F^*P0». 

Frmliifpd  by  evaporating  a  solution  of  ferric  chloride  with  exu^as  of  phosphone  •ai, 
an<l  hrntinc  thf  retiidue  to  316°.  The  white  powder  which  sepumtee  is  insolnblei 
and  in  dilute  adds;  strong  solphoric  acid  aecomposee  it.    (Maddrell.) 


I 


^ 


0.  Ferric  Orthophoaphates, — The  precipitate*  formed  by  treating  vohible 
MltH  with  alkaline  pnoftphates,  vary  greatly  in  composition  areording  to  the  natnrs 
the  Holutions  used  and  the  proportions  in  whieh  they  are  mixed. 

J^ffm«i//errworrAopAo*pAa^,  Fe*0".F'0*  or  re"'PO'  ia  formed  on  adding  diaodie 
orthophoephate  to  a  solution  of  ferric  chloride  or  sulphate,  made  as  nentr^  as  po«iliU, 
or  mixed  with  h  considerable  qnantity  of^nn  alkalin**  acHate  (p.  644).  The  san^  nil 
is  gTrtfliiiilly  produced  when  a  solution  of  ferrous  sulphate  is  mix«Hl  with  diaodie  oitho- 
phoHphate  till  a  permanent  precipitate  be^n.s  to  form,  and  the  filtrate  is  exposed  to 
the  air 

Ferric  phnnphate  thus  prepared  is  n  white  powder  insoluble  in  water,  nearly  insolaUi 
in  ucetic  acid,  slightly  solnbie  in  water  containing  carbonic  acid.  Itdiaaolvea  indilote 
mineral  acids,  und  is  precipitated  therefrom  by  alkalis  and  alkaline  carboutea,  and 
likewise  by  alkaline  acetates.  In  presence  of  excess  of  sodic  phoephiite^  the  prec^rsts 
of  ferric  phosphate  is  dissolved  by  ammonia  and  by  carbonate  of  ammonium.  F enic 
phosphate  ij  soluble  in  ferric  chloride  and  filightly  aI«o  in  ferric  acetate,  but  quite  in- 
soluble in  ferroUR  ucetate.     Honce  when  a  solution  of  ffrric  phosphate  in  mh  aeid  is 
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mixed  with  fvrric  cbtoride  and  an  alkaline  tceUt«.  a  imAll  portion  of  it  rnnains 
disfio[rf>d;  but  if  the  ffiric  salt  bo  fii>t  ivduc^d  to  ferrouj  s&It  hy  tiulphurouB  acid,  tud 
then  troHted  with  ferric  chloride  and  alkoIiDe  acetate,  the  whole  of  the  phospboric  acid 
is  prfoipitate>i  aa  ferric  pho8phftt«:  the  precipitation  is  much  acceleraUd  by  boiling. 

Ferric  pho<iph&t«  aIowIj  givfs  up  ita  acid  lo  aqueous  alkalis.  When  an  acid  aolu- 
Hon  of  the  salt  ia  precipitated  by  ammunia,  a  brown  basic  salt  ia  formed  cont^niog 
8Fe'0».21*OM6H'0  or  Fe'0«.4Fe'"POM6H'0.  By  boiUn^  with  pota»h-ley  a  stiU 
larj^er  qu&utity  of  acid  ia  removed,  and  the  residue  contains  15  at  Fe*0'  to  1  aC 
P>0*  (Ram  melsberg),  probably  a  mixturo  of  the  normal  aalt  with  ferric  oxide.  To 
remove  the  whole  of  the  phosphuric  acid,  the  salt  mu6t  be  fused  with  an  alkali  or 
alk&Iia<>  c&rbonute. 

Ferric  phosphate  diMolves  also  with  facility  in  tartaric  acid,  citric  arid,  tartrate  of 
ammonium,  ciLrale  of  sudium  and  citrate  of  ammonium.  The  last  mentioned  solution 
when  spread  upon  glass,  dries  up  to  browniifb-green  scales  which  diMolve  in  oold 
wat«r,  forming  a  solutiun  having  an  agreeable  saline  ta8t<* ;  thoy  contain  44  per  cent 
ferric  phosphttt**,  Fe"PO*,  46  per  oenU  citnite  of  ammonium,  and  10  per  cent,  water; 
thiA  Built  may  be*  used  in  mtxlicine.     (^Heydeureich,  Chem.  News,  iv.  158.) 

Ferric  phosphate  in  acid  solution  is  completelydeoomposed  by  addition  of  ammonia 
and  sulphide  of  amraonium,  tlie  whole  of  the  iron  being  precipitated  as  sulphide,  and 
the  whole  <jt  the  phoisphoric  acid  remaiaing  in  solution. 

The  white  n^-utnil  salt  givw  off  its  water  at  a  red  beat  and  turns  brown.  On  char- 
coal before  the  blowpipe  it  is  reduced  to  an  ash-grey  bead ;  under  fluxea  it  is  reduced 
only  at  very  high  temperatures.     When  strongly  ignited  over  a  lamp  in  a  stream  of 

hydrogen  gua,  it  is  reduced  to  fcTroos  pyrophoaphate,  Fe'PH)',  which  if  further  heated 
to  whiteness  in  the  giis,  is  completely  deoxidised  and  converted  into  a  phosphide  of 
iron.  Fe*P».     (Struve,  Jahresb.  1860.  p.  76.) 

A  htuie ferric  phytfphaU  containing  2Fe»0»P*0»  or  FeK)".2Fe*P0\  occurs  in  natnra 
eombiued  with  various  quantities  of  water. 

Cacoxenc,  2Fe'OrP«0*.12H»0,  from  the  Hrbeck  mine  near  Zbirow  in  Bohemia, 
forms  yellow  or  brownish  nidiat/*d  tufts  becoming  brown  on  exposure.  Hivrdness  «  3*4. 
Sptf'ciflc  gravity  -  3*38.  An  analysis  by  v.  Hauer{Jahrb.  (L  geol.  ReicliBunst.  1864, 
p.  67),  gave  29  63  per  cent  P*0».  47'64  FeK)',and  3273  water,  the  formuhi  requiring 
20-94  P'0^  47-20  Fe*0".  and  31-86  water:  but  different  specimens  preaeot  great 
diTersities  of  composition,  arising  from  alteration,  or  the  pre«ence  of  foreign  substanoas. 

Dnfrenite  or  Green  iron  ore,  2Fe*O*J"0\5HK),  has  been  almady  described 
(ii.  347). 

DelrauxeneorDeWauxite  (ii.  340),  is  an  iron  oreof  rariable  comprwition,  snmA 
sp^-cimens  containing  2Fe-0*.P^OM8H'0,  others  containing  the  sum-  with  24HH),  while 
others  contain  lime,  and  according  to  t.  Haucr,  may  be  represented  by  the  formula, 

Ca*P"0'.2CFe'0\Fe"POM.24H'0. 

CarphoBiderite  (^om  tiie  mica  slato  of  Labrador)  is  a  hydrated  ferric  phosphate 
containing  small  quantitiee  of  manganeee  and  dnc,  but  it  has  not  been  analysed  quan- 
titatively. It  uocun  in  ulnw-jrellow  reniform  masses  and  incrustations,  having  a 
resinous  lustre  and  a  greasy  feel.  Hardness  ■■  4 — 4'd.  Specific  gravity  *  2*49 — 3*5. 
(Dana,  ii.  431.) 

Bogiron  ore  (iii.  338)  also  contains  variable  quantities  of  phosphoric  acid.  Many 
other  iron  ores  also  contain  small  quantities  of  that  acid,  in  consequence  of  which,  pig 
iron,  especially  that  pn-parcd  by  the  hot  blast,  generally  contains  %v[v&)\.  quantities  of 
phoHphorus.  Id  man}'  strata,  ferric  phuiphale  oc<.'ur8  in  considerable  quantity 
together  with  phosphate  of  calcium.  In  some  of  the  lower  strata  of  the*  chalk-forma- 
tion of  Sussex,  H^rapath  found  as  much  as  25  per  cent  feme  phosphate,  and  in  many 
coprolitps^  from  7  to  9  per  cent. 

A  h^iiTv-frrric  phosphate  or  acid  ferric  phngphatr,  cootaining  Fe'"H'P*0'.2H*0,  is 
said  to  separate  from  a  sobition  of  thf  normal  salt  in  aqueous  phosphoric  acid,  left  to 
itself  in  a  dosed  vessel,  in  transparent  cubic  crystals,  which  are  tasteless,  iasolable  in 
water,  but  soluble  with  brown-yellow  colour  in  ammonia  (Winckler).— According 

toL.  GmeUn(ffamfAo<7it,  V.225).  the  salt,  #'c«H'P0".6H»0  or  ^l^\  3P^M2HK). 

is  precipitated  by  disodie  orthophosphata  from  a  aolation  of  ferric  chloride,  according 
to  the  equatioa : 

2FeCl'     +     SNaTlFO*      -      F?H»P«0'>     +     6Naa ; 

hut  according  to  most  authnrities  the  precipitate  thus  formed  consists  of  normal  ferrie 
orthophosphata-,  FeTO*,  and  phosphoric  acid,  H'FO*.  remains  in  solution  (p.  562). 
AmfmmUffirric  phoapkate, — Ferric  phusphate  diwolves  in  amoioua  in  pr««eDc«  of 
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pfioifthate  of  •odium,  forming  a  red-brown  solution  which  gives  off  ammozuft  at  • 
ration. 

7.  Ferrous  Orthophoitpkate,  3Fc"O.P*0"8lPO  =  F^P*0*.8HK>.— TUi»*>ii, 
formed  m  a  white  crystalline  miwn  when  a  plate  of  iron  i»  left  immrrspd  for  a  lout  Tin# 
in  Kdolution  of  phosphate  of  ainmoniumin  an  open  Teasel,  or  when  *  »oIution«f  ^is^lw 
orthopho«tphftte  in  decompoBed  by  11  rerv  weak  voltaic  cnrrent  with  a  pint*  rf  owi  im 
the  p«j«tive  elwtrode  (Uecquerel).  It  may  he  prepared  by  diasolTiog  lartillic  'u»«« 
in  pnosphorio  acid,  or  by  boiling  ferrous  sulphute  with  diaodic  ortbophosphate,  btth 
BolutioDfi  baring  been  previously  de-aerated  by  boiling,  The  white  pnecipiutf  moa 
be  protected  from  the  air  during  washing  and  drying.     If  the  eolation  of  {frTW»mi< 

5 hate  ifl  poured  into  the  phiMphate  of  sodium,  the  precipitate  u  said  to  eoataa 
iferrous  orthophoftphnte,  Fe'H'PH)',  as  well  as  the  triferroiu  rait. 
Triferroiis  orthophoephate  is  white,  insoluble  in  pure  wat^r,  slightly  lolabW  ti 
'water  containing  carbonic  acid  (in  1,000  pts.  of  water  containing  ni»her  more  tAu  in 
own  Tolunie  of  carbonic  anhydride:  Pierre).  It  dissolreseaaUy  in  dilute  nuneralacili 
and  in  £60  pta.  water  containing  ^th  of  oomniercial  acetic  acid :  al«o  is 
forming  a  yellowish  folution  which  soon  becomes  turbid  by  oxMatiooi  os  ex[ 
the  air;  and  in  1,666  pts.  water  containing  IdO  pta.  of  a  concentrated  aotu 
acetate  of  ammoniom.  The  precipitated  phosphate  difWolTea  in  excess  of  the  t 
rierrous  Hiilt.  It  melta  before  the  blowpipe  and  solidifies  to  a  cryatalline 
cooling;  when  fused  with  sodic  carbonate  on  charcoal,  it  is  reduced  to  pfaoaphidt  { 
iron. 

When  precipitated  ferrous  phosphate  ia  washed  with  water  oontaining  air  aad  dn''^  ^ 
in  contact  witli  the  air,  it  is  convertod  by  oxidation  into  a  laTeudcr-blaeyerro«p-/<rrv 

pAotphaU  containing,  according  to  Rammelsberg,  2tVpW.(Fe'O'.2Fe'T*O*).16H*0. 

Triferrous  phosphate  occun  native  as  viTJanite  or  blae  iron  earth,  nun 
frequently,  however,  altered  by  oxidation  to  ferroso-ferrir  phosphate^  Thin  minend  Harm 
monocli'iic  crytftalti  in  which  the  orth<xliiif^nHl,  cUnudia^onal,  aud  princif<d  axi«  «vu 
1-3843:  1  :  1002.  AnRle  of  inclined  axes  «  71*^  25;  aoP  :  acP  «  111*  12 
oF  :  [F«  j  «  146*'  SS".  Dominant  combination  oePac,  [  ocPoo  ]  .  odP  .  oeP3  .  +  P. 
—  P  .  +  fP .  —  JP.  Cleavage  parallel  lo  [  00 Poo  ]  highly  perfect ;  parallel  to  <xp«  uj 
JPao  in  traces.  It  often  occurs  also  reniform  and  globular,  with  divergent,  flbrova^  «r 
earthy  structure;  ab»  incnisting.  Hardneae  -  1*3—2.  Specific  gravity  ■>  2-WL 
I.iifttre  pearly  or  merallic-penrly  on  the  faces  [  oePoo  ],  vitreous  on  other  facea,  Oalow 
umiully  Muf  to  grr«  n.  dei'poning  on  exposure  ;  in  perfectly  unaltered  Kpt^cimetM  roloo» 
less.  Streak  bluish-white,  soon  cbnnging  to  indigo-blue;  dry  powder  liver-bfo«& 
Transparent  or  translucent,  becoming  opaque  on  exposure.  Fracture  not  obasrraHe, 
Thin  laminie  flexible.     Sectile. 

Annlif$r». — a.  From  Delaware;  colourless,  turning  green  on  rxporare  (Fisher,  SQL 
Ant  J.  [2]  ix.  84),— A,  c.  Cr>*PtaUi»ed,  altered  by  oxidation ;  b  from  Bodeiimais;  c  fiwm 
Mullica  Hill,  Glou<*eflter  County,  New  Jersey  (Kammelsberg,  Minrraickemi*,  i>, 
826). — d.  From  Allentown,  Munmouth  C-ounty,  New  Jersey :  e»rthT(Karlbanin.StU. 
Am.  J.  [2]  ixiil  422). — e.  From  Kertscb  in  the  Crimea:  light  blue  (Struve,  J. or. 
Chem.  XI.  236).—/.  From  Bargusin,  Lake  Baikal:  earthy;  dirty-bloe  (Struve.  t 
Oil.). — ^.  From  Eertsch:  dark  brown,  crystailioe;  specific  gn&vity,  2*72  (Strnvc^ 
toe,  cii, ) : 

a.  b.  r.  d. 

Pbtwphorie  anhydride       .       27-17     2901     28-60     29-66 

Ferric  oxide HOO     U*91     18-46 

Ferroofl  oxide  .        .       44-10     36'66     34-62    27*62 

Water     ....       27-96      .     .      26-13     26*60 

Magnesia 0*03 

Silica        ....         0*10 


e. 

2917 
21  34 
21 -M 
27-60 


/: 

i9-70 
33  n 
I3-73 
2610 
737 


9- 
aS'7« 
38-20 

D-7« 
24-13 


99-32 


10M6  101-36     99-66  100  12  100  86 


a  sgrees  nearly  with  the  formnla  of  hydrated  triferroii*  phosphate,  SFeCPH)*  8IP0  or 
Fe*PH)*.8H«0(calc.  28-20  PH)*,  4303  Fe*0,  2868  H«0) ;  &  amlc  wifhthat  of  a  ferroee- 
ferric  phosphate  containing  6(3FeO.P*0».8H«0)+ 3(Fe»0*.2P'0».8HH>),  wbiefa  ». 
qniree  2900  per  cent  P'O*.  12-24  Fe'O".  3306  FeO.  and  2670  water.  The  lemainiif 
analyses  may  be  represented  approximately  by  the  following  fprmolie : 


d,  3FeO.P«0* 

«.  3(3FeO.P«0») 

/  SFeO.PH)» 

y.  2(3M'O.P»0») 


Fe'OMwO* 
4Fe'0".3P'0» 
2<3Fe»0'.2P«0») 
3Fe»0» 
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CryvtaU  of  ririnnilc  have  beou  fotixid  in  tbe  hollow  of  tt  bone  belonging  to  tlip  ske- 
leton of  a  miner  diacoTcri'd  in  tui  old  working  at  Tamovitz  (Haidioger,  J.  pr,  Chem. 
xlir.  81).  Schlo8sberger(Ann.  Ch.  Pharm.  Ixii.  382)  mfntionnthat  flome  tron  nniU 
found  in  the  stomach  of  an  ostrich,  iind  partly  enveloped  in  black  animal  mutlfr,  bo- 
came  covrred,  after  vereral  days'  expoaare  to  the  air,  with  blue  spotA,  apparently  arlaiiu^ 
from  the  fonnation  of  rivionite. 

Ferrous  pbospfaHte  occurs,  with  other  metallic  phmphates,  in  several  minerals.  Ch  i  1- 
^rrnite(i.  869j  is  a  phosphate  of  iron,  aluminium,  and  manganese;  Iriplite  (p  571), 
phosphate  of  iron  and  mangaiieHe;  tripbylline  (p.  d72),  a  phosphate  of  iron,  man- 
ganese, and  lithium.  ^ 

A  compound  of  d\ferrouM  orthophotpkatr  with  nitrous  oiid-f^  Fe'HT'OMCO,  is  ob- 
tained as  a  brown  precipitate  ou  adding  dinodic  orthopbospbate  tu  a  solution  ot 
a  ferroua  salt  saturated  with  nitric  oxide.  When  exposed  to  the  air,  it  ubborbs  uxygen 
and  is  oonvertt'd  into  ferric  phoephale  and  nitrate.     (Handw.  d.  Chem.  ri.  354.) 

Anfm^mio-frrroug  ortlu>phntphaU,  (NH*)*Fe»P'0».2H«0.— This  salt,  analogous  in 
composition  to  ordinary  araroonio-magueeian  phopphute  drits!  at  100^,  is  formed  by 
mixing  a  aolution  of  14  pts.  of  iron  in  hot  hydrocliloric  acid  with  a  small  portion  ot 
atilphitfi  of  ummonium  ;  adding  to  it  while  hot  a  thoroughly  boiled  nqueoua  Kolution  ot 
100  pts.  cr\(*tjilli«*ed  ordinar)-  phosphate  of  sodium,  Mliich  immediately  precipitates 
white  ferrous  phoxphate;  tlaeii  addiuu;  annnuuia  in  itligbt  exceia — immediately  closing 
the  flask,  which  mu»<t  be  complptely  filk-d  witli  the  liquid— agitating — and  leaving  the 
mixtare  to  itself  for  a  few  miiiuteft.  till  rho  pn>cipitjtte,  whicli  is  flocculent  at  first,  is 
oonTerted  inlo  laminae,  which  stnk  rapidly  to  the  bottom.  Zf  it  remains  flocculent,  tho 
liquid  must  be  heated  a^io,  perhaps  with  the  addition  of  a  small  quantity  of  ammonia ; 
if  part  only  of  the  prepipitiite  becomes  cryHtalline,  the  Iight4?r  flakes  must  lie  se[mrated 
by  Icvigution  from  the  crystallinA  laminae.  The  laminae,  ua  which  the  air  no  longei 
exert5  any  oxidiititig  action,  are  then  thrown  upon  a  Alter,  washe«l  with  thoroughly 
boiled  water,  and  dried  No  ammonia  vau^i  be  added  to  the  water,  because  it  im- 
nediatfily  induces  oxidation,  so  that  hydnited  ferric  oxide  remains  on  the  filter,  and 
the  water  runs  ofiT  brown  ;  hence  also,  in  preparing  the  salt,  care  most  be  taken  not  to 
add  too  much  ammonia.  It  forms  greenish-white,  soft  luminfp*  which  when  rubbed  on 
tJie  hand,  produce  a  eoating  like  silver ;  they  are  permanent  in  the  air;  the  salt  wlicn 
heated  in  the  air  gives  off  wat«r  and  ammonia,  and  leaves  first,  greenish  ferrous  phos- 
pbttte,  amounting  to  77  per  cent.— then  yellnwifih-white  ferric  phosphate.  With 
polash-BoIutJon  it  evolves  ammonia,  and  wlivn  boiled  therewith,  gives  up  its  phosphoric 
Hcid  and  is  converted  inlo  ferrotfo-ferric  oxide  having  the  form  of  the  original  laminse. 
It  is  LDBoluble  iu  water,  even  at  the  boiling  heat.  While  yet  moist  it  diseolven  readily 
in  acids,  even  when  dilute ;  but  after  drying,  it  dissolves  but  sparingly  and  with  dii&- 
culty  even  in  concentrated  acids.     (Otto,  J.  pr.  Cliem.  ii.  409.) 

8.  Ferric  Py  rflp  Aos;j  An/r,  2Fe«0".3PO*.9HH)  =  F'e^P^^'.GHK).— Obtained  by 
dissolving  sublimed  ferric  chloride  in  water,  and  precipitating  by  phosphate  of  sodium; 
tlie  supemutant  liquid  is  neutnil.  It  is  a  nearly  white  powder,  having  a  slight 
yellowish  tinge,  which  deepens  at  IDO*^,  and  becomes  tighter  again  after  ignition; 
disaolvea  in  acids  and  in  phosphate  of  sodium,  likewise  in  ammonia ;  in  the  latter  it 
formi  a  yellow  solntion.  It  is  in.soluble  in  hydrochloric  acid,  ttnlphurous  acid,  and  nal- 
ammomac.  On  dissolving  it  in  liydroctiloric  a<:id  without  boiliug,  and  precipitating 
by  ammonia,  t-he  precipitate  d)»>iM>lTe!i  completely  in  excess  of  ammonia.  Carbonate' of 
ammonium  dissolvefl  it,  forming  a  colourless  solution,  whereas  the  ordinary  phuftphate 
forms  &  yellow  solution.  It  li  completely  decomposed  by  fusion  with  a  mixture  of  car- 
bonate of  sodium  and  car1x>nnte  of  potafuiura.  After  drying  at  lOO'^,  it  lust  bv  ignition 
17*S6  per  ceut^  of  water,  and  the  ignited  salt  was  found  to  contain  41*7  ^<^0*  ■¥ 
68-3  P*0*. 

Acid  ferric  chloride  precipitated  by  pyrophosphate  of  sodium,  yields,  not  ferric  pypo- 
pbosphute,  but  an  orlhophosphKte  containing  1  atom  of  base  to  1  atom  of  acid;  iu 
100  pjirte  :  61  G6  Fe'O*  +  48-34  PO*.  This  salt,  when  boiled  with  onlinary  phos- 
phate of  sodium,  does  not  yield  pyropbosphale  of  soda,  aa  is  the  ease  with  the  pre* 
e«»cling.     (Schwarzenberg,  Ann.  Ch.  Pbarm.  Ixv.  163.) 

«.  Ferrous  Pyropkosphatf,  FeH^'O',  is  produced  by  strongly  igniting  normal 
ferric  orthophosphate  in  a  stream  of  hydrogen.  If  further  heated  to  whiten'-ss  in  the 
same  gas,  it  suffirs  further  reduction,  giving  off  plmsphoretted  hydrogen,  photiphorous 
acid,  and  phosphorus,  and  leaving  a  greyish-white,  metallic-shining,  non-magnetic 
phosphide  of  iron,  having  nearly  the  composition  Fe'P'(Struvc,  Jahresb.  186U,  p.  76). 
Ferrous  pyrophosphate  is  likewise  obtained  by  treating  a  ferrous  salt  with  pyrophos- 
phate of  sodium,  as  a  white  amorphons  precipitate,  which  turns  green  and  brown  oo 
pobure  to  the  air.     (Sc  h  w  a  rz  e  n  h  erg. ) 
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Vhoftphate  of  &antliaoiuD« — A  ■olution  of  sulphate  of  iMntharmm  watA  ttlh 
an  equiralent  quiinuty  of  phobphoric  acid,  yinJda  m  precipitat«  of  ao  acid  Ofthnphu 

phftUs  3La''0,2P*0*,  op  Lft*P*0*,P»0\  but  when  photpbonc  acid  u  gndoallj  t66rA  lo 
t  wann  sotutioD  of  the  lanthanum-salt,  a  white,  pulvprulrnt  procipitai«  ia  foraw,  tiphm 

ing  at  the  normal  salt  ti'P*0*  (R.  HermttDtQ.  J.  pr.  Chera.  Ixxzii.  W5).  TU 
latter  oeous  together  with  phoephate  of  cerium  in  monaxite.  cryploUie,  ^Im.  (p.  ioA). 

Vhoapbat«>  of Xead.    a.  Jtf«/a;»AojrpAaff«.— 1.  Z>inMte/»Ao4y>Aa(<  Pb*0.2F*l> 

—  Pb'P*0<*  Aeolution  ofaodicdimetjipho9phatpmixed withexcesaof  lead-nitntada 
posits  this  salt  iiftcr  a  while  in  tolfrablv  disliuct  cry8l«la ;  by  precipilalioa  with  dt 
ammonitun-Balt,  it  is  obtainM  at  once  as  an  amorphous  pr«H;ipitiite.  It  is  aabTdnn^ 
nearly  iDsoluhlp  in  water,  mnlts  without  intumHscencs  at  a  rea  hiMt»  and  aoUdiilcstoft 
traDsparent  glass  OD  cooling.     (Fleitroann.) 

DimftapAonphaU  of  icad  and  ammonium,  (NH«)*Pb'P'0",  is  obtained  by 
the  lead-aalt  just  descril^ed  with  cxceuof  diinetaphosphate  of  amrooaium,  or 
eipitating  nitrat«  of  load  with  cxoesa  of  the  unmoomm-ealt.      It  fi>mis   crj 
■panKles  sparingly  soluble  in  water,  and  but  slowly  attacked  bj  acids.    It  does  not  kw 
weight  at  l&U^  and  gives  off  ammonia  only  on  prolonged  agitatioD.     (FleitmaBS.) 

2.  Tnmftapho*phatf,  3Fb'0.3PH>».3H»0  or  Pb'PH)»3HH).— Obtained  by  iniiin| 
amodcriit^ly  concentrated  solution  of  sodic  trimetaphosphate  with  an  eamraUatqaifr 
tity  of  Ufid-nitnite  ;  the  liquid  (to  be  Altered  if  turbid),  depoeita  the  salt  on  ■*— '^'hg. 
!q  nnall  crystals,  which  are  rery  alightlv  soluble  in  water,  and  give  off  Uuii  water  rf 
cry  stall  isation  with  intumescence  when  heated.  A  solution  of  the  sodinm-salt  pncqi. 
tAted  with  acetate  of  lead  yields  a  salt  containing  excoks  of  base.  (Fleitmsoa  m4 
Henneberg.) 

3.  Tetrajjutaphotpkaie,  rh*¥*0**, — When  protoxide  of  lend  is  heatml  for  some  tnw 
with  excess  of  phosphoric  add,  a  salt  separates  which  reiiinsolves  quickly  sad  eon- 
pletelj  in  the  excess  of  acid,  and  if  the  fused  mass  is  allowed  to  cool  slowly,  svpsntrs 
ID  laive  transparent  prisms  enveloped  in  sn  amorphous  vitreons  mass  containing  oxi^ 
of  lead.  This  mass  may  be  remoTetl  by  prolonged  treatment  with  cold  water,  the  btfia* 
metaphoffphate  of  lead  then  remaining  nndissolTed.  It  is  insoluble  in  w«ter.  nuJU 
when  heated,  and  forms  an  amorphous  ritreous  mass  on  rapid  cooling-  It  is  (ierem* 
poaed  by  sulphide  of  ammouium  and  monosniphidc  of  sodiuiu  even  in  the  cold,  rieldiof 
the  corresponding  salt  of  the  alkali-metal.  When  hrated  with  dilute  acid^  it  is 
dissolved  and  decomposed  much  more  easily  than  the  dimetaphosphate.     (FleitTuaoo.) 

4.  HexmetapkosphaU  (?). — Nitrate  of  lead  mixed  with  metapbosphonc  acid  and  th<D 
with  ammonia  forms  a  bulky  precipitate  insoluble  in  excess  of  ammonia.  (.^iku7 
metAphotfph&te  of  sodium  forms  with  acetate  of  lead  a  bulky  precipitate,  which  nskrt 
together  when  agitated,  becomes  resinous  on  standing  and  diasolrra  in  czccasof  aB»* 
moniii.     (H.  Rose.) 

0.  Orthopho0phates. — An  aeid  oH bophosphate  of  lead  is  said  to  be  formed iHlSD 
lead  is  dissolved  in  aqueous  pbosphuric  ociu  out  of  contact  with  the  air.  The  solatioB 
yields  on  evaporation  granular  cr)'stals,  which  have  not  been  analysed. 

Diplumbie  orthophotipkaU,    ^2^q*^|p«0*  -  A*HT*0*.— Dilute  solutions  oflest 

nitrate  yield  with  alkaline  phosphates,  precipitates  which  are  mixtures  of  di-  and  tri- 
plombic  orthopbosphutes  in  varying  proportions.  To  obtain  the  diplnmbic  salt  pom 
a  boiling  Holution  of  Ifdd-nitrute  ia  precipitJited  by  aqueous  phosphoric  acid.  The  pi^- 
cipitate  coasidte  of  diizding  while  miu'ruscopic  crystalline  lamina; ;  it  is  iusolubU  la 
water  and  in  aqueous  phosphoric  acid,  but  solubhi  in  nitric  acid  and  in  pota«h.  By 
digestion  with  ammonia  it  is  converted  into  the  triplumbic  salt  It  melts  before  the bbv- 
pipr,  forming  a  clear  bead  which  exhibits  cryfltalline  faoeCa  on  cooling,  but  not  so  dW 
tinctly  OS  the  triplumbic  salt  when  similarly  treated. 

TVipiwnbic  pho9phate^  Pb»P*0*,  is  obtained  u  a  white,  earthy,  amnrphous  predpiOUr, 
\y  decomposing  aoetato  of  lead  with  disodic  orthophosphate,  the  lead-salt  being  kept 
in  excess,  or  by  the  action  of  ammonia  on  the  diplumbic  salt ;  and  in  rhombic  tablet* 
by  heating  the  pyrophosphate  Pb'P'O'  with  water  in  a  sealed  tube  (Reynoso).  It 
is  insoluble  in  water,  moderately  soluble  in  dilute  nitric  acid,  nearly  insoluble  in  seeCic 
acid,  easily  sotuble  in  potash-ley.  When  sasj^ended  in  water,  it  is  decomposed  by  «>]- 
phuric  or  eulphjdric  acid.  It  melts  on  charcoal  before  the  blowpipe,  and  the  bead  on 
cooling  exhibits  shining  crystalline  facets. 

By  precipitating  solutions  of  nitrate  or  chloride  of  lead  with  phosphate  of  sodimB, 
double  salts  an  often  formed  consisting  of  nitrate  or  chloride  of  lead,  combined  with 
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di- or  tri-plambie  pbonphate.  The pkotpkato-nitrate,  Pb*PK)VFbN'0«.2H»0,  ia 
dr«cnb«d  under  Nxtbatbs  (p.  96). 

Pkogphaio-chloridet.— The  ulti  Pb»HT«0«.PbCl»,  2Pb»P»0*.PbCl«  and 
aPb'P'O'.PbCl*,  obtained  by  preci pit* ling  chloride  of  lead  in  TariooB  ways  with  di- 
Bodic  orthoptiwphat*,  have  bwn  already  dwcribed  as  cMoropfuitfhatrs  of  lead  (iii.  339). 

Pyromorphiti*  or  Green  Inadorn  { GrunUi-ifre)  bfia  the  oompoffition  oftha 
last- mentioned  salt,  3Pl)'PK>'.PbCI',  the  phosphorus  being,  however,  often  more  or  leaa 
replaced  by  arsenic  This  mineral  is  isomorphons  with  mimctchite,  or  arsennto- 
cUoride  of  lead.  SPWAs'O'.PbCl"  (in  which  also  the  arsenic  is  oftt-n  partially  replaced 
by  phospborus) ;  also  with  apatite  ;  and  a  rariety  iii  known,  called  brawn  lead  vrt^  con- 
sisting of  pymmorphite  combined  with  fluor-apatite  (i.  349). 

The  rrj'rtals  of  pyromorphite  arc  hexagonal  prisms  rxhibitinjz  tho  samo  c«mbi- 
nations  ss  mimetesite  (iii.  1024).  Length  of  pnncipul  axis  »  0*7362.  Angle  P  :  P 
{terminal)  «=  U2°  12';  (Utwd)  —  80°  4-4*.  Hardni*e«  -  3*6—4;  pperific  gmvity  • 
6'6871  :  7*048.  Lustre  resiDOiis.  Colour  green,  yellow  and  brown  of  different  nhndpiL 
Streak  white,  sometime*  y*'llowii«h.  iSubtranspawDt  to  subtranslno«nt.  Fracture  sub- 
conchoVdal,  aneren.  Brittle.  Before  the  blowpipe  it  melts  T«ry  easily,  and  colours 
the  outer  flame  blue-green;  the  besd  solidifies  uke  that  of  phosphate  of  lead  above 
described.     Sometimes  emits  arsenical  fumes. 

Anali/Mes. — a.  From  Zwhopau  in  Paiony :  green  ;  specific  gravi^  «  6*27 
CWohler,  Fogg.  Ann.  iv.  161). — b.  From  Lcudhills  in  Scotland:  orange-rod  (Wohler, 
/or.ctl.).— c.  From  Meohemichin  theEifeI(Ber(iemann,  liammehber^t MineralckMtie, 
p.  356). — d.  From  Kransberg  in  NiissHU  :  crystallised;  light  green ;  spwaflcgpavily  — 
71  (Sandberger^  J.  pr.  Cbem.  ilvii.  462). — e.  From  Ems  in  Nassan  :  yellow;  crys- 
stallisfHl  (Sandbergerfoc.  cit.).—f.  From  Bercwow  in  Siberia:  crystals  accompanied 
by  Tanadinite:  specific  gravity  ■»  6716  (Struve,  Verh.  d.  min.  Ges.  t\x.  Petersb. 
1857). — g.  From  Zschopnn:  white;  orystjdlised  (Wohler,  foe.  «/.)— A.  From  the 
Aitsi:  yellow  spherical  masses;  specific  granty  ^  6-637  (StrUTe,  Uc.  at.). — i. 
From  Hosiers  neax  Pontg;ibaud,  Anvergne:  green  and  browni^;  botryoidal;  epeciflo 
granty  b  657  (Klaproth,  .5aVrii^«,  iii.  146;  t.  200): 

■.A.  c.         d> 

Chlorhifl         ,        .        .        .        2-ft7      a  AS      a  M)      » 67 

L^Mi-oKi<!fl   ....    arid   St- 46  M-a)   si-i>3 

rho«|)horlc  anhydride 14-M 

Artratc  anhydride         .        .        ■•>•       >.       <• 

Water 070     .     .       .    .        0-f» 

The  variety  g  has  the  composition  of  an  isomorphous  mixture  of  1  at  mimoteaito 
and  10  at.  pyromorphite ;  t,  •f  1  at.  mimet<^ite  and  8  at.  pyromorphite. 

The  following  sre  analyses  of  Brown  lead  ore:— a.  From  the  Sonnorwipbelmine 
near  Frieberg;  Polys  pherite:  brown  spheruin  and  drops:  specific  gravity  —  6092 
(K  erst  en,  Schw.  J.  Ixii.  1). — h.  From  Mies  in  Bohemia:  botryoidal:  specific grarily  » 
6-444  (Kersten). — c.  From  the  same  locality  :  crystallised;  specific  gravity  «  6*983 
(Kersten). — d.  From  Bleistadl  in  Bohemia:  crystallised;  specific  granty  —  7"009 
(Kersten). — €.  From  the  same:  spedfic  gruvity  «  6*843  (Lereh,  Aah.  Ch.  Phann. 
ilv.  328),—/.  From  England:  crysLaUiaed  (Kersten): 

a.  b,  c,  d.  e,  f. 

Chlorina  .  ,  .  5-63  276  260  2-66  2*47  2-flO 
Lead-oxido  .  .  .  7217  7683  81-33  81-46  80-38  82*08 
Lime     ....         6-47       371       043       032       0*81       032 

Fe^o  0-38 
If  all  the  chlorine  be  supposed  to  be  combined  with  lead,  and  the  admixed  apatite 
to  be  a  pore  fluor-upatite,  these  analyses  may  be  included  under  the  formula: 

n(Pb''CI«.3l»b*P"0«)   +   (CaT«.3(i«P'0*). 

the  value  of  n  being  3  in  a,  6  in  A  and  48  in  0,  so  that  the  last  is  nearly  pure  pyro- 
morphite, as  are  also  rf,  r,  and  /. 

Nussierite,  a  mineral  from  the  Nussi^re  mine  near  Beaujeu.Dept,  of  the  Rhone,  con- 
taining, aocsoKiing  to  Barruel  (J.  pr.  Chem.  x.  10),  766  Pb'Cl",  46-60  Pb"0,  1230 
Ca'D,  2  44  Fe'^6,  19'80  P'O*.  406  A«»0*  and  720  ailic%  U  probably  an  impure 
pyromorphite. 

7.  Pi/ropho*phaleo/  Lead,fb'TK>\ll-0  (at  100*>).— Precipitated  on  adding 
pyrophosphate  of  sodium  to  excess  of  nitrate  of  lead,  as  a  bulky  white  powder,  in-tolnble 
in  w-iter.  acetic  add,  Bulphuroas  acid,  «nd  ammonia ;  soluble  in  nitric  acid  and  in 
potash  (Schwrtrssenberg).  If  the  pyrophoKphnte  of  sodium  is  added  in  slight  excess, 
the  precipitate  ooutains  variable  quantities  of  alkali;  a  larger  excess  redissotvcs  the 
prrcipitat«. 
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Only   the  orthopho6ph&^4>«    ««*  Iraown.— ifwirfif^B 
rained  by  mixing  onf  of  the  two  following  mhi  y^ 


,  mjsii^i  J 


Vho>pbat««  of  Uthlnni. 

orthopht'ffihtttr,  Li*H'PO*,  is  nbtain<        ^  ^  _ 

pboHphonc  wid  and  evuporuting ;  or  by  heating  twetAte  of  lithium  with 
phosphoric  acid,  in  which  caw  it  s^paiutm  in  wther  lurge  crystals.  It  ia  deliqatoenS 
and  very  B<jliibl4'  in  water,  fonning  un  acid  solution  which  is  immediately  preetuhind 
by  Bilvi^r-Halta.  but  not  by  chlurid«  of  bflrium  except  on  addittoD  of  amoKmia.  ll  4m 
not  give  otT  any  watf-r  nt  100° ;  but  at  200^  hnlf  lbi«  hajiic  water  is  e-yolTed  tad  Ik 
whole  at  a  red  heat,  the  rraidue  then  consisting  of  metapho^pbate  of  lithittm. 

Diliihic  ortfurphoiipkatf  hufl  not  bf*n  obtained  pure,  bat  a  sait  iuttrmediate  hxlmm 
this  nnd  thf  trilithicsalt,  tiz.  Li»Hl'«OVH»0  or  Li'Hl'OVLi'POVH'O,  i?  formed  oap*. 
cipitttting  chloride  of  lithium  withortbnpboaphtteof  ammoaium,  a«  acrytftAlliDepo>«4q; 
which  di«M)lTeg  in  200  pts.  of  water,  and  givea  off  half  ita  water  of  crystallijotioa  tf 
100*^,  the  rest  at  a  higher  tempernture. 

TrUtthit  phosphatr,  2Li'P0*.H*O,  \a  produced  by  precipitating  a  oratnl  aociatorf 
lithium  with  di-ammonic  orthophoephate,  or  t}ie  acid  acetat«  with  phc«ph«tft  (4 
ammoDinm  and  fne  ammonia ;  also  bv  beating  carbonate  of  lithium  with  not  too  kege 
u  quantity  of  aqueons  phoBpboric  acid.  It  is  a  white  CTyatalliDe  powder,  mjr^^ 
H33  ptB.  of  water  at  12 '  to  diss^jlre  it  It  girea  oflf  it4  water  of  cry  stall  i»aHon 
heate^l,  but  dot«  not  fuae  at  a  red  bent  ^^^^ 

ii7Aw-«/u7?ii/(i('^A«piUf<',Li*Al~r^^'«15H'0.— Pre  pored  by  precj|3itatin« 
■olntion  of  aJaminic  phospbatfl  in  caustic  potash  with  chloride  of  lithiam.     The  wubd 
and  dried  precipitate  is  a  white  powder  insoluble  in  water,  easily  «olable  in  aod^ 
and  giving  offa  large  quantity  of  water  when  heated. 

Aublygonite  (i.  164)  i«  a  litliio-aluminic  phosphate  baring  the  litlumn  putl/ 
replticed  by  sodium,  nnd  containing  also  fluorides  of  aluminium,  bthiom,  and  >ndian. 
Rtimmeliiberg  {Mtnrralchrmir.  p.  359),  rrprebcnts  it  bv  tlie  formula  (5iPO,3P'0*  -r 
6Al»0'.3P'0*)    +  ^  2tMJ:\Alt'»).  where  M  denotes  lithium  and  sodiam. 

Triphylline  is  apbosphHtenf  lithium,  aluminium,  iron  andmangBDeae(«e«p.lT3). 

Lithio-ammonic  phottphatr,  I^*{  NH*jPO\  separates  oa  mixing  aqueous  phospnateof 
lithium  with  di-ammonic  orthopbospbate  nnd  slowly  eraporatiog;  if  a  poitioQ  of  the 
ammonia  haw  been  lost  by  too  rapid  beatinjr,  free  nmmnnia  must  be  added.  The  f«lt 
is  gmnulo-crystalline,  like  onliniiry  Brumomo-magne>ian  pbusphute;  filigUtly  solnblris 
water;  melts  at  a  aomewhnt  high  temperature,  giving  off  water  and  ammonia,  ud 
when  heated  before  the  blowpipe  is  coloured  blue,  not  red,  by  nitrate  of  cobalt, 

jAthiofolcic  phofpkatf,  LiCft"PO*. — Obtained,  like  tlie  analogous   double  taltn.  by 

igniting  1  at  pjtTuphusphutc  of  calcium  with  1  at.  carbonate  of  lithium.     It 

in  water.     (H.  Kose.) 


Pbosptaatea  of  aCaffnesluzo.— a  Metaphotpkatea.  1.  The  mom 
pAii/r,  Mg'P^O*,  ifi  obtained  as  a  white  powder  by  diBsolving  carbonate  of  magni 
in  aqueoux  pliospborio  acid,  eraporating  and  heating  the  rei>fiaue  to  316'^.  It  also 
ratea  from  the  a^'lution  of  impure  phospborie  acid  obtained  fhim  bones,  when  stron^y 
concentrated.  It  is  insoluble  in  water  and  in  dilute  ucids,  and  is  not  deoomposcdliy 
digestion  with  alkaline  carbonates  or  pbottpbates.    (Aladdrell.) 

The  rfir;if/fl;>A^»Affj(^,ftf^P»0".9H«0,  (or  10H«O),  separates  gradually  from  a  eoD- 
oentrated  (*olult-jn  of  the  corresjwndiug  ammonium-oalt  mixed  with  chloride  uf  magDe> 
■ium,  in  emlalliue  crusts  which  ndhere  to  the  sides  of  the  vessel ;  more  quickly  oi 
addition  of  alcohol  It  ia  in^jluble  in  water,  is  dtn'umpttsed  by  acids,  gives  off  1  at 
wuter  at  lOO*',  and  the  whole  witiiaut  fiuion  at  a  red  heat.  The  ignited  salt  is  aot 
decomposed  hy  digertion  with  alkaline  carbouutts.    (Fleitmaon.) 

ffrx/nftnpfu  *phaU,—OTd\na.Ty  phosphate  of  sodiom  forms  a  precipitate  with  aretaf«. 
but  not  with  sulphate  of  magnesium,  <*ven  itt  boiling  heat.  The  precipitate  is  softiiad 
tenacious  (Graham).  A  solution  of  sulpbiito  of  magneaium  mixed  with  not  too  Ur)E« 
a  quantity  of  sodic  nieta phosphate,  forms  with  ammonia  a  pretiipitate  which  dia^olvis  m 
sal-ammoniac.    (H.  Rose.) 

Ammoni<Mtvtffnesie  fn'taphottphate  (?) — When  metapbosphoric  acid  is  dissolved  ii 
ammonia  in  a  vessel  which  is  kept  cool,  and  sulphate  of  niagn«3ium  is  addad  in  ndl 
prttportions  as  to  leave  the  ammonium-salt  in  excess,  a  precipitate  is  formed,  oonHSdl^ 
of  feittheiy  flocks  which  unite  on  standing  into  a  soapy  mass,  drying  up  to  a  brittk 
tranaparent  mass.  This  Halt  exhibits  the  characters  of  a  metaphosphate,  but  contains 
according  to  Waeh  (Schw.  J,  lix.  297),  a  larger  proportion  of  base,  being  represented 
by  the  formula  4Mg''0.(NH')«0.4PK)M6H«0 ;  so  that  it  is  perhaps  a  mixtoi*  of 
metaphoBphate  and  pyrophosphate. 

3.  Orthophosphates. — a.  Acid  sail.  By  evaporating  a  solution  of  tn-raagiMsia 
phosphate  in  aqueous  phosphoric  acid,  or  by  boiling  the  n^'utral  phosphate  with  watw, 
and  evaporating  the  fiitrate.  on  add  eynip  is  obtained  which  is  resolTed  by  alcohol  iBto 
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thfi  trimi^erio  salt  and  free  phosphoric  acid.     When  a  concentrate  solution  of 
nesia  in  aqueous  phosphoric  acid  is  mixed  with  alcohol,  an  oily  liquid  separates 


vhich  contains  4  at.  magnesia  to  3  at.  phosphoric  anhydride,  and  may  be  represented 
by  the  formula  Mg"HPO*.Mgf'H*P-0"  +  *H«0.  (Kiihn,  Arch.  Pharm.  [2]  lix. 
129.) 

Dimagnesic  salt,  Mg«H^PK)«.14H*0  or  Mg^HPOVTHK).— Produced  by  precipitating 
■ulphate  of  magnesium  vith  excess  of  disodic  orthopfaosphate.  When  2pt8.  sulphate  of 
magnesium  dissolved  in  32  pts.  water  are  mixed  with  3  pts.  disodic  orthophosphate  dis- 
solved in  32  pts.  water,  the  salt  separates  in  the  course  of  24  hours  in  tufts  of  prisms 
or  needles. 

The  crystallised  salt  forms  small  six-sided  needles,  having  a  cooling  sweetish  taste, 
and  sparingly  soluble  in  water;  1  pt  of  the  salt  dissolves  after  long  standing  in  322 
pts.  water;  the  dear  solution  becomes  turbid  when  heated,  from  separation  of  tri* 
xoagnesic  rait,  which  partly  redissolves  on  cooling,  and  on  continued  boiling  a  laiger 
Quantity  of  the  lat^r  separates,  while  the  liquid  acquires  an  acid  reaction.  The  salt 
dissolves  easily  in  dilute  adds.  The  crystals  effloresce  in  warm  air.  give  off  8  at. 
water  at  100°,  the  remaining  six  at  170**,  and  the  basic  hydrogen  as  water  at  a  red  heat, 
laaTing  pyrophosphate  of  magnesium. 

THmagneaie  ot  neutral  »alty  Mg'P'O'.  Formed  by  precipitating  sulphate  of  magne- 
sium with  trisodic  phosphate,  or  by  boiling  the  dimagnesic  snlt  with  water.  It  retains 
b  at.  water  at  100°  (RammelsbergX  but  becomes  anhydrous  on  ignition.  According 
to  Volcker  (Be|).  Br.  Assoc.  1862,  p.  169)  100  pts.  of  water  dissolve  0*0205  pt.  of 
the  recently  precipitated,  and  001  pt  of  the  ignited  salt.  It  is  readily  soluble  in 
•cids,  even  niter  exposure  to  a  white  heat. 

This  salt  is  of  frnjnent  occurrence  in  plants,  and  forms  a  considerable  proportion  of 
the  ash  of  the  seed  of  cereal  grasses,  especially  of  wheat.  It  is  present  in  smaller 
quantity  in  the  bones  of  animals,  and  forms  the  chief  constituent  of  many  animal 
concretions,  eepeciall;  of  beeoar  stones. 

Wagnerite,  a  rare  mineral  found  in  veins  of  quartz,  traTeraing  clay-slate  in  the  valley 
of  HoUengraben  near  Werien  in  Saltzbu^,  is  a  phosphato-fluoride  of  magnesium,  re- 
presented by  the  formula  Mg*P'0*.MgF'.  It  occurs  in  monoclinic  crystals  having  the 
orthodiagonal,  clinodiagonal,  and  principal  axis,  as  1*1*04A  :  1  :  0-78654,  and  the  angli* 
of  the  inclined  axes  =  71°  63'.  ooP  :  <»P  «  flfi*  26';  oP :  [Poo]  =  144°  26'. 
Observed  feces,  »P,  +P,  -P,  -P2,  +JP,  (»P2,  [P2],  and  others.  Most  of  the 
prismatic  &ces  are  deeply  striated.  Cleavage,  parallel  to  ocP  and  the  orthodiagonal, 
imperfect;  parallel  to  oP  in  traces.  Hardness  —  6  to  6'5.  Specific  gravity  of  n 
transparent  crystal  ^  3068;  of  an  opaque  crystal  <«  2*986  (Rammelsberg).  The 
oystals  are  yellow,  of  various  shades,  with  a  vitreous  lustre;  streak  white;  translu- 
cent. Fracture  uneven  and  splintery  across  the  prism.  Before  the  blowpipe  it  molts 
with  great  difficulty  and  only  in  thin  splinters,  giving  off  gas-bubbles,  and  forming  a 
nreemsh-grey  glass;  when  moistened  with  sulphuric  acid,  it  colours  the  flame  blue-gwi-n. 
With  fluxes  it  gives  a  faint  iron  reaction,  and  melts  with  carbonate  of  sodium,  effer- 
vescing bnt  not  dissolving. 

The  mineral  has  been  analysed  by  Fuchs  (Schw.  J.  xxxiii.  269)  and  Rammelsberg 
with  the  following  results : 
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9-86 

40-61 

46-27 

2-38 

4-69 

— 

103-21     „ 

The  formula  3Mg''0.PH)»JliIgT'  requires  11 '73  per  cent  fluorine,  4383  phosphoric 
Anhydride,  3704  magnesia,  and  7'4l  magnesium  (or  49*38  magnesia  in  all).  The 
lime  in  the  specimen  analysed  by  Rammelsbei^  was  present  aa  carbonate. 

Lftsulite  (iii.  477)  is  a  phosphate  of  magnesium,  iron  (fcrrosum),  and  aluminium. 

S.  Phosphates  of  Magntsium  and  Ammonium. — 1.  Ammonio^monoma^fntsic 
orthophospnatf  (Nn')*Mg"fl-P'O'.3H*0  separates  in  needlo-shaped  crystals  on  mixing 
warm  and  not  too  dilute  solutions  of  magnesic  sulphate  and  diummonic  orthophosphate, 
and  leaving  the  liquid  to  cool.  „ 

2.  Ammonio-dimagnesic  Orthophosphate,  (NH*)'Mg*I«0M2H'0.— This  salt,  the 
ordinary  am monio- magnesic  phosphate,  is  produced  when  a  mRgnesium  salt  mixe<I  with 
sal-ammoniac  is  mixed  with  an  alkaline  orthophosphate  and  free  ammonia,  separating 
immediately  from  moderately  strong  solutions  m  an  amorphous  precipitate,  which  soon 

*  After  deductfoo  oT  1-68  lUk^  f  Alurolns. 
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beoomefl  beary  and  erTsUllina ;  from  dilnta  solutiona  it  «eparttt<*fl  afUr  soma  Hmt  fjJtf 
in  am&U  cryataLi  which  atUch  thrmaelTee  to  tb«  ndee  of  th«  T««0el,  mpMsally  oo  pait 
pnafintiag  anj  roaghneafl  or  ineqoality.  It  separates  in  this  maxiDer  from  ^xinmtj 
dilate  aafutioDB,  rhua  affording  a  very  delicate  teat  either  for  ma^eaift  or  far  (Ac*- 
phone  acid  (iii,  7o'Z  ;  it.  542).  The  beat  mode  of  obtaining  it  in  diatinct  erju^  « 
to  mix  600  ptB.  of  hoi  water  with  4  pta.  of  ftroog  ammonia,  and  then  add  7  ^ 
crystallised  phoHphate  of  sodiam,  2  pta.  sal-anuDOiuac,  and  4  ptA.  snlphat*  «f  iMgWi- 
aiorn ;  the  liquid,  which  ia  origioolly  alkaline,  becomea  neatrml  aAer  the  aepaffUbaaif 
the  cryetala     (Oraham.) 

This  salt  is  a  frequent  conslitueat  of  urinary  calcoli,  the  so-called  fomble  olr^M 
eoniistiD^  almost  wholly  of  it:  it  ia  also  found  in  intestinal  ooncretiona.  eapeeiaDyia 
graminiroruos  animals.  It  ia  formed  in  the  putrefaction  of  urine^  and  ia  pnxopitaM 
therefrom  on  addition  of  ammonia  in  stellate  geoa^  of  microaeopic  cryatala ;  it  wbi- 
times  separates  spontaneously  eren  from  aad  urine  in  thre»-«ide<l  priamsi  Lsqn 
cryatala  of  it  hara  been  found  in  some  varieties  of  goaoo,  namely,  from  Pata^icnia  taA 
from  Saldanha  Bay  oo  the  cotiat  of  Africa,  and  in  an  old  dong-pit  at  Hambofg;  t&Ba 
oatire  salt  is  called  Struntf  or  GuaniU, 

The  cryHtnlfl  are  triiDptrir.  having  the  axea  a:hie  -  0-6429  :  1  :  06233  :  iho*  tf 
natire  atruritc  are  six-sided  prisma  about  an  inch  long,  exhibitiog  the  faora  jar'x, 
ODpao ,  odFS,  I*ao  ,  |P»  ,  4Pco ,  oP,  and  homimorphous  from  predominance  of  the  fim 
obPoo  on  one  side  (Teschemach<;r.  Pliil.  Ma^.  [3]  xxriiL  64ft. — De  la  Provov 
tage,  Compt.  rend  Iviii  442 ;  see  also  Bitna,  ii.  413).  They  hare  a  apecific  ereritt 
of  1  65  — r?  ;  hardneas  •  2  ;  a  ritreooa  lustre;  are  transparent  and  often  eotovrq 
yellowish  by  imparities.  The  artificial  salt  generally  forma  a  fine  OTStalliae  povdc^ 
or  rolourlpsB,  tmosluoeot,  four-sided  prisma. 

The  salt  is  tastclem  and  elightly  soluble  in  pore  water,  I  pt.  of  it  disaolrng  is 
16,300  pta.  of  cuM  watfr  according  to  Freseniaa;  in  13.600  pts.  aooanling  f<i 
Ebermayer  (Compt.  rend,  xxxrii.  360).  In  preeence  of  aid-ammoniac  it  is  am 
soloble,  1  pt.  of  the  fialt  dissolring  in  7560  pts.  of  a  liquid  containing  1  pt  ial-«T5- 
moniac  in  5  pta.  wat4T  (Fresecius).  In  water  containing  free  ammonia,  oa  tU 
contrary,  it  is  leas  soluble  than  in  j>uro  water,  1  pt.  requiring  for  solution  44.0<i0  rt^ 
of  ammoniacal  water  (Fresenias).  According  to  Ebermayer,  the  solaUbty 
diminishes  as  the  proportion  of  ammonia  in  the  water  increaaea ;  thna — 


I 


Mixtur*  cooulakig : 


Water. 


100  pta. 
lOO 

lOU 


Aqu<oui  AmiaooUof  fpcctflcBTafUy0  9ol. 


25 
100 
200 
300 


Pure  oqueotiJ  Ammonia  of  specific  grari^  0961. 


QuanUUM  require!  to  <!lB«>tt*  I  fL, 
of  the  Anhydj-ouft  Double  SdL 


81,000  pta. 
48,000 

46,000 
62,000 
60,000 


The  addition  of  sal-ammoniac  renders  the  salt  more  soluble  also  in  water  contataag 
free  itmmoma;  phoMphate  of  aodium  does  not  appear  to  diminiah  the  solubility. 

The  double  salt  dissolves  easily  in  acids.  At  100^  it  girea  off  10  at.  water  withost 
loss  of  ammonia ;  at  a  stronger  heat  the  whole  of  the  water  and  ammonia  rao^ 
the  maas  axhibits  a  vivid  glow,  and  pyrophosphate  of  magoeaiam  remaina  behind 

(NH')'Mg»P»0-     -     Mg«PK)'   +  NH»  +   H«0, 

y.  Pyrophotphatf  of  Magnesium^ 'M^FH>\Z'HH)  (at  100°).  This  sail  rtouiu 
In  the  anhyd^1us  Ktate  when  ammonio-dimagnesic  phosphate  ia  ignited. 

The  hydrnti'd  stilt  is  obtained  by  precipitating  sulphate  of  magnasivm  vith  u 
alkaline  pyrophosphate.  The  precipitate  dissoliras  in  excess  of  eilher  of  the  s^ 
which  prodiicp  it,  the  solutions  becoming  turbid  on  boiling  and  remaining  tnrbidwhn 
cold.  The  preiiipitalwi  suit  is  white,  amorphous,  and  bakes  together  in  dryiog  IQn 
hydrate  of  aluminiam.  It  may  be  roDderod  cryiitalline  by  disaolring  it  in  ralpbazuos 
acid  and  boiling  tho  rtfilution.  Ilia  very  slightly  sohible  in  water,  but  dlssolrea  eisity 
in  nitrii"  nr  hy^Irochluric  acit.     (Scb  warzen  berg.) 

Fbosptaatea  of  Kanganeae.  a.  MetaphoBphatf,  Mn^PHD*. — Ptoditced  hj 
evaporating  a  mangauous  salt  with  excess  of  phoaphorie  acid,  heating  tha  reaidoa  t» 
At6°,  in  the  same  manner  as  for  the  pr«>paratioD  of  the  corresponding  cupric  salt  (p.  MO). 
It  is  reddish  white,  insoluble  in  water  and  dilnte  acids ;  does  not  melt  at  a  red  hiol ; 
is  scarcely  acted  upon  by  sulphide  of  sodium  or  ammonium,  even  with  aid  of  best; 
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but  k  docompoced  by  digestioD  with  carbonate  of  sodium,  yielding  dimetaphosphate^of 
ffodiom ;  whence  Fleitmann  regards  the  manganoue  salt  also  as  cUmetaphoaphate. 

A  solution  of  manganoua  chloride  mixed  with  dimetaphosphate  of  ammonium  and  a 
little  alcohol,  deposits  crystals  of  a  hydrated  salt,  Mn"P*0".4k»0,  which  is  insoluble  in 
water  and  dilute  acids,  and  gives  off  all  its  water  on  ignition.  It  is  decomposed 
hj  heating  with  sulphuric  acid  and  by  fusion  with  alkaline  carbonates.   (Fleitmann.) 

0,  Manganic  Ortkopkotphatt. — When  muiganic  oxide  or  finely  divided  pyro- 
loaite  XB  mixed  with  aqueous  phosphoric  acid,  the  liquid  evaporated  down,  and  the  dry 
residue  finally  heated  nearly  to  redness,  a  violet  subatance  is  formed,  which  is  resolved 
by  water  into  a  dark  red  solution,  and  a  peach-blossom-coloured  insoluble  powder, 
consisting  of  Mn«0».3PK)».2H'0  or  Mn*PH)».H«0 :  therefore  a  metaphosphate.  The 
red  add  solution  yields  by  evaporation  light  brown-red  crystals  of  variable  com- 
porition.    (Hermann,  PoKg.  Ann.  Ixxiv.  303.) 

Kobell  (J.  pr.  Chem.  &vi.  416 ;  Jahresb.  1859,  p.  656)  recommends  manganic 
phosphate  for  use  in  volumetric  analysis  in  place  of  permanganate  of  potassium,  as 
beinff  more  easily  obtained.  He  prepares  it  by  boiling  down  a  mixture  of  finely  divided 
pjioTasite  and  aqueous  phosphoric  acid,  till  the  residue  becomes  syrupy  and  assumes  a 
de«p  Tiolet-blue  colour;  if  not  too  strongly  heated,  it  dissolves  completely  in  water,  and 
if  dilated  with  six  times  its  volume  of  water,  it  is  as  permanent  as  a  solution  of  per- 
manganate.  It  may  be  titrated  in  the  same  manner  as  the  latter  by  means  of  a  ferrous 
■okition. 

y,  Manganout  OrtAophogphatet. — Monomanganoua aalt^  Mn'^*P'0".2H'0. — 
A  aolution  of  one  of  the  two  following  salts  in  aqueous  phosphoric  acid  yields  this  salt 
on  evaporation  in  small  prismatic  easily  soluble  crystals,  which  give  off  half  their 
water  of  dTstaUisation  at  120°.  Alcohol  decomposes  them,  abstracting  pbospborio 
acid  and  leaving  the  dimanganons  salt. 

The  dimanganoftt  $altf  3fii'H'P'0'.6H*0,  is  obtained  by  adding  disodic  orthophos- 
l^te  to  a  solution  of  manganous  sulphate  acidulated  with  acetic,  hydro(^oric,  or 
phosphoric  acid,  till  the  precipitate  bc^ns  to  be  permanent;  it  then  separates  on 
■taiiaing  in  hard  granular  crystals  (Heintz).  It  is  also  obtained  in  the  crystalline 
ibrm  by  precipitating  a  manganous  salt  with  phosphate  of  sodium,  mixing  half  tlie 
liquid  with  nee  add  till  the  precipitate  dissolves,  and  then  adding  the  other  half 
(Bodecker) ;  also  by  treating  the  trimanganous  salt  with  half  the  quantity  of  phoa- 
phoric  add  required  to  dissolve  it 

The  tnmang4MOua  salt^  Mi^0".7H*0,  is  formed  by  precipitating  a  neutral  solution 
ot  ft  manganous  salt  with  disodic  orthophosphate.  It  is  a  whit<i  amorphous  powder, 
which  dimolves  sparingly  in  water,  easily  in  dilute  adds,  gives  off  4  at.  water  at  100*^, 
the  remainder  ozuy  at  a  red  heat. 

AmmonuMHanaaTioxts  phosphate,  Mn*(NH*)T*0".2H*0. — This  salt,  analogous  to  the 
ordinarv  ammonio-magnesic  salt  dried  at  100°  (p.  570),  is  produced  by  the  action  of 
ammonia  on  recently  predpitated  triinan^;anou8  phoephate,  ur  by  predpitating  a  man- 
ganous salt  with  phoephate  of  sodium  m  preeeuce  of  an  ammonium  salt  and  free 
ammonia.  To  obtain  it  ciystallised,  a  solution  of  manganous  chloride  is  precipitated  in 
ft  flask  with  phosphate  of  sodium ;  hydrochloric  add  is  then  added  till  the  precipitate 
dissolves ;  and  the  solution  is  heated  to  boiling,  and  then  mixed  with  excess  of  ammonia. 
The  predpitate,  which  is  amorphous  at  first,  changes  on  standing  for  some  time  in  the 
doara  vessel  into  nlveiy  lamintB  usually  having  a  reddish  colour.    (Otto.) 

The  salt  is  insoluble  in  water  and  in  alcohol,  easily  soluble  in  dilute  adds :  it  it 
decomposed  by  boiling  with  caustic  but  not  with  carbonated  alkalis. 

Ferroso-manffanous  Phosphates, — 1.  Triplite,  a  mineral  from  Limoges  in  France, 

baa  the  oompodtion  jm^'^q  [  '^**^*  "  Jmu^  \  •  (^»*Mn»)»P'0«.  It  occurs  in  imperfectly 
erystalUne  masses,  exhibiting  three  unequal  cleavages  in  directions  at  right  angles  to  each 
other,  therefore  trimetric.  Hardness  -  6-6.  Specific  gravity  =  3-44— 3-8.  It  has 
ft  brown  colour,  yellowish  grey  streak,  and  resinous  lustre  inclining  to  adamantine. 
Subtranslucent  to  opaque.  Fracture  small  conchoidaL  Contains,  according  to  Berse- 
lins  32-61  per  cent.  I«0»,  31  95  ¥e"0,  32-40  Mn'O  and  1-73  Ca'O;  the  formula  requires 
32-61  per  cent.  P«0»,  3417  Fe"©  and  3240  Mn'O. 

Heterosite  (iii.  151)  and  Hureaulite  (iii.  176)  are  hydrated  ferroso-man- 
ganous  phosphates. 

A  ferroeo-manganous  phosphato-fiuoride  called  Zwieselite,  having  in  fact  the 
composition  of  a  fluorapatite  in  which  the  calcium  is  replaced  by  iron  and  mangane«e, 
IB  found  at  Zwiesel  near  Bodenmais  in  Bavaria,  in  crystalline  masses,  supposed  to 
have  a  hexagonal  structure  isomorphous  with  that  of  apatite.  It  cleaves  distinctly  but 
imperfectly  in  three  directions.     Hardness  »  5.    Specific  gravity  »  3'97.     Lustra 
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318 
600 


3d'60 
3033 


41*60 
41-43 


^e 


RflromBlBberg'fl    analyeiB     Itftula      to     the      formula  i\r  'oc'"^**^'*' ' 


grwuiy.  Cobur  clove-brown,  vtreak  gr^yiah-whit^.  Prmct-ope  xtneren  ortrnpntfci^ 
chuuliiJ.  It  hjifl  been  atiiilj»ed  hr  I-uchs  (J.  pr.  Chem.  zriii.  499)  and  B«i&b«Ii* 
b«tr(s  {Mineraickemie^  p.  3dlX  witb  thtt  following  raaults : — 

F       PK>*     Fe"0     Mn"0     SiO» 

20  34     0-68       »       101-36  (Fnch*). 

23*25  =       101       (Baxnmelffberg). 

Fo"  j[Mn")«P«0«.(*Fe'*JMn'')P.  which  mjnirM  S'iS  ppr  oent.  F,  31  "60  1*0».  « TJ 
c''Oaud  20  77  Mu  0.  Fucha  erroaeoualr  regarded  the  miserat  aa  apatite  harut^tU 
caldum  uomorphoualy  replaced  by  iron  and  manganeae,  and  tlienee  called  U  in». 
apatite. 

lA(hio-/erro9o-man^anotuPhospJkaie». — 1.  Triphylline^from  Bodeoxnaia in Baivti, 
u  an  iaomorphoua  mixture  of  the  orthophosphatea  of  iron,  xnanganeae,  and  lithiiun.  It 
iDuKtlv  oooun  ma««ire,  bat  Horaotimes  in  tnmetric  cryatals.  exhibiting  the  combiaiti^ 
obP  .'  oeP2  .  «?«  .  too  .  oP.  Anele  «P  :  odP  -  93J* :  oP  :  1^«  «  ia»<*.  TU 
ffirfacm  however  Hre  rHthor  dull,  and  the  angle*  not  constanr.  Cleera^  panlU  ts 
oP,  Homottmea  perfect;  parallel  toocP  and  ono  diagonal,  impcrfnct,  the  latter  leaflfs. 
HunlucM  —  5.  SpooiKc  gmnty  —  36.  StilTcsioooH,  with  greeniah  or  blaiab-gnj 
colour,  and  greyifih- white  Htrcak.  Transtucfut  in  thin  fragmenta.  It  decnpiaMi 
slightly  wh<>n  heated,  giving  otf  a  eniull  quantity  of  water^  and  aoqairing  a  dubr 
roluur.  Before  the  blowpipe  itfoKex  very  eaaily  to  a  ahiaixi^  dark  grey,  magnetic  b«i. 
colouring  tho  flamr'  bluish-green  and  ftometimea  reddiah;  with  fltucea  it  givw  ther» 
actions  of  iron  and  manganese.  It  diasolves  readily  in  acidfl ;  ia  imperfoctly  dMompovd 
byiranstic  potaxh. 

The  firitt  throe  of  the  following  analyses  of  triphvlline  are  by  RammelsSerg 
{Mtntra!vhrmir,  p.  323);  the  f'>urth  is  of  a  variety  calletl  irirapkii/iiine  or yrrvttUiM^ 
from  Taniiof  1a  in  Finland,  by  tii>r£eliu8  and  KordnDskiold ;  it  differs  &om  the  Bodni- 
mais  mineml  in  exhibiting  on  the  fre?ihly  broken  auriaoe  a  yellow  oolour,  gzadaallj 
boooming  bluck. 

Na*0   K»0   Ca'O  Mg'O  SiO* 
1-46     0*68     ....      0*25         — 
2*61     0-36     0-58     1-97    .     .         -= 
0-74     004     0-76     2*39     040        » 
17       .     . 

this    third     analysia    the    formula 

S  n^*^^|*P*0»,  rt^uiring  44-81  per  cent  P»0*,  39*76  Fe'O,  663  Mn'O,  7*37  Li^ ' 

and  2*53  magnoaia.  The  firel  twi)  uualyses,  which  gave  larger  quantities  of  base,  kt 
flupposcfi  to  have  been  made  on  aamplea  which  had  perhaps  loat  some  of  their  acid  hj 
WMithtTtn^,  or  were  miced  with  small  quantities  of  triplite  (p.  672). 

Tho  tullowing  minerals  are  aappoaed  to  have  been  formed  &vm  triphyUiae  or 
tri[]lite  by  assumption  of  water  and  oxidation,  the  triphylline  aUo  sometimM  loan; 
itn  nlkMlifl. 

1.  B^ack  crystals  from  Norwich,  Hitaasachaaetta,  closely  resembling  triphyUiae  is 
form  and  cleavage,  bat  presenting  comridemble  variation  in  their  angles  (fcv  the  mm- 
BurementaeeelUna.  JtftMrfl/<>5^,  ii.  407).  Hardness  «.  5'5.  Specific  gravity  b  2-8'1 
Streak  brownish-red.  Opaqne.  Brittle.  Melts  easily  before  the  blo<rpipe  with  iots- 
meacencQ  to  a  black  masn.    Mean  of  two  analyaee  by  Craw.  (Sill.  Am.  J.  [2]  xi  99\ 

2.  AUuauditt,  from  Chanteloub  near  Limoges.  Brown,  clearing  like  triplite.  Hani* 
liesa  above  4.  Specific  gnivity  «  3i  68  BiAsolvee  in  hydrochloric  acid  with  enJataa 
of  chlorine.     Analysis  by  Damour(Ann.  Min.  [4]  xiiL  341). 

piO*    f7-0'  rfr.'ai  MnO  CaO  N*»0  l.t«0  H»0  SIO" 
Knr«ich  Cryital*    43*110    7(i-m     MOO      .     .      I  79    .     ■     >*»    'i  07     O-JO 

Alluauilltc  4rU     Z»  6a      lOC    23'06     .     .     647     .     .     3  65     0^0 

Bammelsberg  su^eatsfor  these  minerals  the  formulae: 

(1)  (M'0.PK)»).(M%'.2I«0»)   +   aq. 

(2)  (M»O.P'0*).2(2Si  0'.P-0»)   +   4aq.; 
hvti  observes  that  it  is  very  doubtful  whether  they  an  homogen«ov& 


P-0»      Fe'O 

MnO 

Li»0 

40*72     39-97 

9-80 

7*28 

40-32     36-54 

9-05 

6-84 

4419     38-21 

6-63 

7-69 

42*6       38-6 

12*1 

8-2 

Bammelflberg 

deduces 

from 

•  Tbe  tfXCNi  to  thb  Biuly«U   I*  «up|>o*rd  to  h«M  arl»n   from  an  Inoorrrrt  iliiteimJnsli<«*  r^ 
Uttila. 
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(3.)  pBendotriplite^fromBodonmaisinBaTiina;  probably  formed  b^r  ozidatioii  of 
triphylline  and  removal  of  the  alkalis  br  vater.  Slightly  attacked  by  nitrie  acid.  The 
first  of  the  following  analyses  is  by  Fnchs;  the  second  by  Delffs  (Bamnultber^$ 
Mineraichcmie,  p.  332). 

P«0*    ft«0»  Mn«0«  EPO    SiO« 

35-70    48*1'|     8-94     5*30     1*40       -=       99-61 

3d-7l     5100     806     4-62     071       =*     100 

(4.)  A  mineral  from  Chantelonb,  sometimes  called  Heterosite  (iii.  151).  Bloisli- 
violet.  Specific  grarity  ^  3-41.  ContAina according  to  Rammelsberg,  32*28  percent. 
PW,  31*46  Fe-O*.  80-01  Mn«0*  and  6-6  water,  whence  perhaps  it  is  constitated 
aoeotding  to  the  formula  6M'0'.3?K>'  -4-  6  aq. 

8.  ifanganoutPyropkotpkatetlil&'PH)\ZBH),  at  100<=>.— Obtained  by  ^ecljiita- 
tion  as  a  white  amorphons  powder,  which  by  solution  in  sulphurous  acid  and  boiling, 
may  be  converted  into  nacreous  crystalline  laminae.  It  is  soluble  in  acids  and  in 
Ammonia,  insoluble  in  excess  of  the  manganoua  salt^  but  easily  soluble  in  the  alkaline 
phosphate,  and  from  this  solution  the  manganese  is  not  precipitated  by  sulphide  of 
ammonium  even  after  long  standing. 

Vbospliates  of  Meronry.  a.  Metaphospkates. — Mercuric  oxide  h'>ated 
with  metaphosphoric  acid,  yields  on  cooling  a  salt  which  crystallises  with  great 
difficulty. 

A  solution  of  mercuric  nitrate,  mixed  with  ordinary  vitreous  metaphosphate  of 
■odiimi.  yields  a  white  precipitate,  which  changes  on  agitation  to  a  thick,  heavy,  oily 
mass. 

Mercuroua  nitrate  yields  in  like  manner  a  dense  white  precipitate,  which  becomes 
resiooua  on  boiling,  and  dissolves  in  excess  of  sodic  metaphosphate. 

A  mercuroos  metaphon}hate  cannot  be  produced  in  the  dry  way ;  for  on  heating 
mercurouB  oxide  with  phosphoric  acid,  moKwey  volatilises  and  mercuric  metaphos- 
phate remains  behind. 

fi,  Ortkophotphatei, — Tho  trimercune  aalt,  Hg"P*0*,  is  obtained  as  a  hesvy 
wbitepowder  by  precipitating  mei  curie  nitrate  (not  the  chloride  )with  ordinaxr  phosphate 
of  so(Uum ;  also  by  digesting  mercuric  sulphate  with  a  solution  of  the  alkaline  phos- 
phntc.  It  is  insoluble  in  cold  water,  soluble  in  acids,  including  phosphoric  acid;  also 
m  water  containing  ammonium-salts,  especially  the  chloride,  6  pts.  of  which  dissolved 
ID  water  effect  the  solution  of  1  pt.  of  mercuric  phosphate.  It  is  decomposed  by 
aqueous  alkalis  and  alkuline  carbonates,  a  small  quantity  of  mercuric  oxide  being 
sometimes  dissolved.  The  dry  salt  melts  when  heated  to  a  dark  yellow  glass,  which 
solidifies  to  an  opaque  mass  on  cooling.     {Handw.  d.  Chein.  ri.  375.) 

Trimercunma  PhoaphaU,  HgTPO*,  is  precipitated,  on  adding  phosphate  of  sodium  ip 
excess  to  mercurous  nitrate,  as  a  white  powder,  mostly  amorphous,  but  sometimes  crys- 
talline ;  soluble  in  excMS  of  mercurous  nitrate ;  insoluble  in  water  and  in  aqueous 
phosphoric  acid ;  resolved  b^  boiling  with  water  into  mercuric  phosphate  and  metallic 
mercury  ;  decomposed  in  hke  manner  by  hydrochloric  acid.  When  the  dry  salt  is 
gently  heated  in  a  tube  met&llic  mercury  escapes,  and  mercuric  phosphate  remains  aa 
a  residue,  yellow  while  hot,  white  after  cooling.     (Haitdw.) 

Mrrcurvus  Phoaphato-nitrate,  Hg^O^HgNO'.H'O.— Obtained  by  adding  phosphate 
of  Bodiam  to  excess  of  mercurous  nitrate,  as  a  yellow  crystalline  precipitate  which 
is  not  decomposed  by  washing  with  cold  water.  (Gerhardt,  Ann.  Ch.  Pharm. 
Ixii.  81.) 

y.  Pyr0pho»pkai09. — 1.  Mtrcurie  gaits,  Hg'P*0'  (dried  at  100°).  A  solution  of 
mercuric  nitrate  forms  with  pyrophosphate  of  sodium  a  vhite  precipitate  which 
becomes  yellowish-red  on  further  addition  of  the  alkali-salt,  and  is  converted  by  an 
excess  of  the  latter  into  a  reddish -yellow  basic  compound.  It  is  insoluble  in  water, 
easily  soluble  in  acids,  insoluble  in  excess  of  sodic  pyrophosphate,  (juickly  decomposed 
by  potash  (Qmelin).  Mercuric  chloride  is  not  immeaiately  precipitated  by  alkaline 
pyrophosphates,  but  after  some  time,  or  more  quickly  when  heated,  a  red  basic  salt  is 
precipitated.     {Bandw.j  vi.    398.) 

2.  Mercurous  PyropkospkaU,  Hg*P'0'.HK)  (at  100^).— Mercurous  nitrate  forma 
with  pyrophosphate  of  sodium  a  white  crystalline  precipitate,  insoluble  in  water, 
soluble  when  recently  precipitated  in  exccM  of  the  alkaline  pyruphoephate,  the  solution 
depositing  a  black  powder  when  boiled.    The  salt  dried  at  100°  is  bhtckened  by  solu* 
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lion  of  Bodic  pyrophoephitp,  but  not  dia8olv<>d.      The   salt  when   ignited  htxm  « 
iv<<Mu«  ftf  rnpriMinc  niptaphosphAt*.     (SehwRrxeBberg.) 

Pboiphates  of  Molrbdenom.  A  solution  of  raoljbdic  chloride  pdUTOk 
orihoijhoepbiLte  of  Ammonium,  a  light  red  fli>c(*ulent  pr«cipitat«,  bat  the  preapititiaa  ii 
nut  complete.  A  flitered  solution  of  moljbdic  dioxido  ia  aqueotu  pbovpbone  tai 
karra,  on  evaporation,  a  red  vi>cid  mosii  cotiaisttng  of  an  acid  Sttlt,  eoloue  vith  n& 
(•olour  in  ammuniH  ;  but  the  solution  soon  becomes  tnrbid,  and  depoaita  the  greater pta 
of  tile  salt;  it  b«comc«  colourless  on  exposure  to  the  air. 

A  solntion  of  mDlybdous  chloride  formn,  villi  disodic  orthophoaphate,  a  desk  ijvf 
precipitate,  soluble  in  excess  of  the  moljbdons  chloride.  A  solatson  of  nolybaM 
A^'dmte  in  pboephoric  acid  jields,  by  spontaneous  evsponition,  a  dark  porple  deliq|M^ 
Cf  nt  mass,  the  ammoniacal  solution  of  vhicb  is  dark  brown  bj  txansmittNl,  HMk 
and  oparine  by  reflected  light. 

Pkaapkofno/yhdic  acid  haa  alr^y  been  described  (uL  1037).  The  yellow  phosp^ 
nolybdjite  of  ammonium,  preolpilittHJ  on  adding  a  smidl  quantity  of  a  soluble  ort^ 
I  plKisphiite  to  a  solution  of  molybdato  of  ammonium  oiixni  with  nitric  or  hydmeUotx 
acid,  contains,  according  to  ranons  autbohtiee,  fruot  314  to  3*82  per  cent  P*(}*, 
and  91-28  to  02-70  pf-r  cent  HoCH.  Zencker  (Jahrnsb.  1853,  p.  356)  aaaigntuiit 
the  formubi  (NH»)*0.6(H«O.MoO«)+  2(NH')HP0*.  By  mixing  a  sympy  aofuticisot 
molybdic  iriozide  in  faydrochloric  add  with  a  small  quantity  of  phosphoric  tcid,  sad 
saturating  with  potash,  a  mass  of  crystalline  scales  it  obtained,  conaiating  of  a  {mMw- 
sium-salt,  hjiving,  acooiding  to  Zcsckor,  th»  composition  3(K'O.HoO*).2£H<PO*.9BKl 
(see  iii.  1037  and  it.  646). 

Vhoaphatesofltlokal.  a.  Metapho»phatff'S\1'*0*^-Ohtwn»d  by 
asolutitm  of  Dii.-k(-l-sulphatc  io  phospnoric  acid  and  beating  the  residue  to  31^. 
is  a  fn'€«nif>h-yeLlow  pjwder,  insoluble  in  water  and  in  dilute acidsv  and  oof  decooipeisd 
by  nqaeons  aUuUine  carbonatH«  or  sulphides  ereo  at  the  boiling  hi^  but  decomposrd 
by    heating   with   strong  sulphuric  acid  or  by  fusion   with   carbonate   of   eooiaK. 
(Mdddrell) 

$.  OrthophospAate,  Ni'P'Cy.TH'O.— Light  green  precipitate  insolnble  in  w*t«, 
soltiblf  in  excess  of  the  nickel-salt,  easily  soluble  in  acids;  girea  off  water  and  tarn 
yellow  when  heated. 

The  recently  prfcipitated  salt  dissoWee  in  aqneoiu  ammonia,  and  on  boiling  tb« 
solution,  or  mixing  it  with  alcohol,  an  ammonio-nickel  phoapha.te  ia  deposited  in 
liirhL  b]ue-gre<^n  or  apple-green  flocka.  If  the  alcohol  be  careftilly  pooTMi  oo  th« 
solution  HO  as  to  form  a  layer  on  the  surfacei  the  double  salt  ia  gmdual^  deposted  ia 
green  crystalltne  grains, 

r  PjfropAosohate,  >l«P'0'.eHK)  (at  100°),  is  obUined  by  predpitation  as  i 
light  green  powder,  insoluble  in  water,  e.s«ily  soluble  in  acida,  and  aeparating  in  (bt 
crystalline  state  from  the  solution  in  sulphurous  acid  :  it  disaolTea  in  ainnumia  and  ia 
excess  of  alkaline  pyropboephate,  and  the  nickel  is  precipitated  iherefiom  by  salphida  of 
ammonium. 

If  the  nickcl-sftU  contains  cobalt,  th(»  cobait-pyropboephata  ia  depoaitad  frvm  tbi 
eulution  in  sulphurous  acid  on  boiling,  before  the  nickel-salt,  and  OQ  mixii^  tbi 
ammoniacal  solution  with  alcohol,  the  coball-saJt  is  precipitated  aloiM. 

Pboapbata  of  Osmium*  An  osmioua  phosphate  is  produced  by  biamag 
phoBphiile  of  osmium  in  contact  with  air,  or  dissolring  osmions  hydrate  in  aqMCH 
phirtphoric  ncid.  It  forms  ft  dnrk  blue-green  nuus  near^  insoluble  m  cold  water,  bat 
sotuljle  with  green  eolour  in  nitric  acid. 

PHospbate  ofPalladlnzn.  Wh(>n  Jiqueousphottpboric  add  ia  boiled  is  eostset 
with  palindium,  part  of  thw  metal  diwolTes,  and  phoapnnrous  acid  is  likewise  (broHd, 
which  rMucM  a  portion  of  the  dissnlrcd  palltidious  uxide,  so  that  as  the  liquid  cools  a 
film  of  metallic  palhidium  forms  on  \tn  surface, 

Pnlludious  nitrate  yields  a  lig:ht  yellow  precipitate  with  alkaline  orthopboaphates. 

Vboapbates  of  Potaaalmn.  a.  Mftaphonphates. — Monopotaasic  ovtbo- 
ihospbvle  heated  nearly  to  rwlness  jb  converted,  without  melting,  into  the  metapbo^ttate 
KPO*,  which  melts  at  a  highertemperaturfl  without  further  alteration  (Graham).  The 
some  salt  is  obt^iined  by  evaporating  2  pta.  potassic  ehJorate  with  1  pt  of  synrry 
phosphoric  acid,  strongly  igniting  the  residue,  and  treating  it  with  water:  the  meti* 
phosphate  then  remains  as  a  white  powder  (Maddrell).  It  is  nearly  iDsoloble  is 
water,  but  is  dissolved  bv  acids  either  concentrated  or  dilute.  Its  solution  in  acdr 
acid  gives  precipitates  with  chloride  of  barium,  acetate  of  lead,  and  uitrate  of  silrrr. 

The  dmutaphtttrphatf,  K^P'O^.H'O,  is  prepared  by  digesting  anhydrous  rupric  di- 
me ta  phosphate  with  a  solution  of  monosulphide  of  potassium  containing  but  htll* 
■ulplydmto.  and  heating  the  liquid  to  the  bc\lin<;  point     On  adding  «  UtUe  alcohol  to 
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tbe  filtrate^  the  dimetaphosphate  separates  in  th«  form  of  a  concentrated  solntion,  which 
does  not  ciTstallUe  completely  till  after  some  time.  The  salt  is  soluble  in  1*2  pts.  of 
water  either  hot  or  cold ;  the  solution  has  a  saline,  somewhat  bitter  taste.  At  100°  it 
gives  off  all  its  water  without  any  molecular  alteration  of  the  residual  salt,  but  at  a  low 
red  heat  it  is  converted  into  monometaphosphate,  which  melts  at  an  incipient  white 
heat,  and  solidifies  in  the  crystalline  form  on  rapid  cooling.     (Fleitmann.) 

MetapkosphaUs  of  Pottusium  and  Ammonmm, — When  1  at.  dimetaphosphate  of 
potassium  and  I  at.  of  the  corresponding  ammonium-salt  are  mixed  and  evaporated, 
the  salt  K'(NH*)I^0>>.2H'^0  crystallises  out  first ;  afterwards  a  salt  containing  more 
ammouiay  viz.  K*(NH*)^P^O'^  which,  if  thoroughly  purified,  would  probably  exhibit 
the  composition  E(NH*)'P*0".  The  first  salt  contains  the  same  proportion  of  ciy- 
itaUisatioa  water  as  diinetaphc»phate  of  potassium,  and  gives  it  au  off  at  16(P^. 
(Fleitmann.) 

3.  Orthopho$phate», — The  monopotaasie  or  di-<und  $a!t,  KH'PO*,  is  obtained  br 
mixing  potasaic  hydrate  or  carbonate,  or  either  of  the  two  following  salts,  witli 
sufficient  aqueous  phosphoric  acid  to  produce  a  slieht  add  reaction.  On  evaporating 
the  solution,  the  sut  is  deposited  in  hurge  regular  dimetric  crystals,  having  a  pure  acia 
taste,  easily  soluble  in  water,  but  insoluble  in  alcohol.  It  undergoes  no  alteration  at 
S00°,  but  at  a  low  red  heat  it  gives  off  its  water,  and  is  converted  into  meta- 
phosphate. 

The  dipotassie  or  mono-aeid  aalt^  K'HPO',  is  produced  by  mixing  aqueous  phos- 
phoric acid  with  a  sufficient  quantity  of  alkali  or  alkaline  carl^nate  to  produce  a  slight 
alkaline  reaction,  and  evaporating.  It  crystallises,  according  to  Berzelius,  in  irregular 
fimns ;  according  to  Graham  it  is  uncry stall isable.  It  is  easily  soluble  in  water,  in- 
•oluble  in  alcohol,  and  is  converted  into  pyrophosphate  by  ignition. 

The  tripotMsie  or  neutral  salt,  K'FO*,  ie  prepared  by  igniting  phosphoric  add  or 
either  of  the  preceding  salts  with  the  requisite  quantity  of  potassic  hydrate  or  carbonate. 
By  K>lution  and  ev&poration  it  may  be  crystallised  in  needles  which  are  very  soluble  in 
water,  but  not  deliquescent  The  dry  salt  is  permanent  in  the  air ;  the  solution  ab- 
sorbs carbonic  add  (Graham).  When  strongly  ht?ated  it  melts  to  an  enamel-like  mass. 
BaryUhfotame  phosphate. — By  igniting  1  at  barytic  pyrophosphate,  Ba*P*0',  with  1 
at  potassic  carbonate,  a  mass  is  obtained  which,  when  washed  with  water,  yields  a 
solution  containing  potash  and  phosphoric  add,  whilA  the  residue  contains  the  salt 
Ba'KPO*.  t'other  with  a  la^e  quantity  of  tribarytic  phosphate. 

Caicio-potassic  phosphate,  Ca  KPO*.  is  funned  by  i^iting  together  equivalent 
quantities  of  potassic  carbonate  and  dicalcic  phosphate.    (H.  Rose.) 

Magntsio-potoMic  phosphate,  Hg*KPO*,  obtained  in  like  manner,  is  sparingly 
soluble  in  water,  and  may  be  completely  washed  with  dilute  aqueous  ammonia. 
(H.  Rose.) 

7-  Pyrophosphates  of  Potassium. — The  dipotassie  or  acid  salt,  K*H*P*0% 
is  prepued  by  dissolving  the  neutral  salt  in  acetic  acid,  and  adding  alcohol ;  it  then 
■eparates  as  a  syrup,  which  must  be  washed  several  times  with  alcohol  to  remove 
the  potassic  acetate,  and  then  dried  over  oil  of  vitriol.  It  is  white,  and  very 
deliqnescent  The  aqueous  solution  Is  acid,  and  is  not  decomposed  by  boiling. 
(Schwarzenberg.) 

The  tttrapotassic  or  neutral  salt,  K^PK)*,  is  formed  by  the  ignition  of  dipotassie 
ozthopbosphate ;  but  the  residue  when  dissolved  in  water  takes  up  basic  water,  and  ie 
leconverted  into  orthophusphate.  The  neutral  pyrophf>8phate  may,  however,  be 
obtained  in  a  permanent  state  by  treating  an  alcoholic  solution  of  potash  with  a  alight 
excess  of  ordinary  phosphoric  add,  and  afterwards  adding  alcohol  till  the  liquid 
beoomee  milky ;  m  the  course  of  24  hours  a  dense  acid  syrup  separates,  which  is  a 
nixture  of  the  di-  and  tetra-potassic  orthophosphatee.  Tho  syrupy  mixture  is  then 
evaporated  to  dryness  in  a  platinum  dish  and  ignited,  whereby  a  mixture  is  obtained 
consisting  of  pyrophosphate  and  metaphosphate  of  potassium,  which  can  readilv  be 
■eparate^  in  consequence  of  the  insolubility  of  the  latter  salt  in  water.  Pyrophosphate 
of  potassium,  after  ignition,  forms  a  white  fused  mass,  which  deliquesces  yery  rapidly 
in  the  air;  its  aqueous  solution  has  an  alkaline  reaction,  and  may  be  boiled  without 
bein^  converted  into  orthophosphate.  This  change  takes  place,  however,  when  the 
aolution  of  the  salt  is  boiled  with  caustic  potash.  When  a  syrupy  solution  of  pyro- 
phoephate  of  potassium  is  evaporated  over  oil  of  vitriol,  it  soli(ufies  to  a  brilliant  white 
mass  consisting  of  K*F*0*.3H'0.  One  atom  of  water  is  driven  off  below  100°,  but 
the  salt  is  rendered  anhydrous  only  at  a  temperature  of  300°.     (Schwarzenberg.) 

Ammonio-potassie  pyrophnsphate,  2K*(NH*)HP'0'.H»0, — This  salt  remains  when 
moDOpotaosic  pyrophosphate  is  saturated  with  ammonia,  and  the  concentrated  sohtti(m 
is  evaporated  over  a  mixture  of  quicklime  and  sal-ammoniac  It  is  white,  deliquescent 
and  very  soluble  in  water,  forming  an  alkaline  solution,  which  decomposes  on  boiling, 
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vitfa  evolation  of  ammonia,  ultimfltel;  leariog  nothing  bat  mooopotaancpfTophocjJiatt 
(SchvarEenberg.) 

Chromicf>'poiasnc  pfjmpkotiphate. — Chromic  pyrophosphat*  dis»olT««  in  tmtm  qJ 
piituflflir  pvrnpho«phat«.  forming  a  grern  aolucion  whico  is  not  precipitAt«d  hy  nljili^te 
acid  or  ^ulphidit  of  ummouium. 

Cuprico-fo((u»w  pyropio^phaff,  Cu"K'P-0».H*0  (Persoa).— Cupric  pjropboapktt 
diMolTM  in  cxcf«8  (3"  the  potasne  salt,  but  the  rpsniting  dnnble  wilt  baa  bdc  bf«« 
obtained  in  the  aolid  8tat«,  the  solution  when  craporated  depoaitiag  mphc  nynp^Ak. 
phat<>.  Penoz  baa,  howerer,  detennin(>d  the  coin[^'>*ition  of  the  diaaoltw  ait  kr 
mixing  a  titrated  solntion  of  capric  nitrate  with  a  titnited  aolution  of  pota«de  jjp^ 
pbosphato  till  the  prrcipitwt^  which  is  formwl  nt  ftrst  redissolrm. 

A  picfe  ©riron  immfTsod  in  fhn  aqufoiis  aolutinn  of  liie  donbl«  aalt  beeoroea  uoMiel 
in  a  few  days  with  mieroscopie  crystals  of  mctiiilic  roppcr;  in  like  manner  aine  |«ii> 
cipitatPS  the  copi*r  from  this  solution,  but  slowly  and  impffffcllv. 

Vhoapbata  of  autodlam.  Khodic  oxtd«,  mizfid  with  pbuapborio  acid  and  Yitai^ 
to  redness,  yieldn  a  brown  maas,  frum  wliich  vater  ntxaoxta  tne  ejcoesa  of  a^id,  but  &stfa» 
■am«  time  Ukm  up  a  portion  of  the  salt,  acquiring  therebj  &  dark  brown  colony 
changing  fo  lijiht  yellow  on  dilution. 

Plioapliatea  of  Sllwer.  a.  MetaphotpJiatr*. — The  dimetap^oepJkaie,  A^^O^, 
is  obtained  by  pn>cipit4ting  nitrate  of  silFer  with  the  correflponding  sodiuni'fluX,  m  t 
cryatttlliu^  powdor.orin  umalldijitinct  crystals,  according  to  tne  degroe  of  MHKmrtmtioft 
of  the  solution  used.  It  is  slightly  soluble  in  water,  and  molta  when  heated  to  a  toa^ 
parent  glasft,  which  is  in!K)luMn  in  water. 

The  trirmtapkiftphatr^  Ag'P'O'.H^O,  sepsrates  gradually  from  a  modd^fiJy  en^ 
coDtniled  mixture  of  silver  nitrate  with  sodic  trimctaj^oiiphate,  in  crystuls  app&mtly 
iDonoc'linic,  soluble  in  60  pts.  of  cold  wat"r,  and  separating  utialtered  on  ev.iponttw 
the  solution  acidulated  with  nitric  acid.  It  gires  off  its  water  at  lOO''  {not  orer  odtf 
Titriol  at  ordinary  tcropenitureii),  and  when  n^out  half  the  wat^r  baa  gone  off  ^sboit 
1^  per  cent.)  the  remaining  salt  is  soA,  has  an  acid  reaction,  and  perhaps  consuts  <i 
hex  metjiphosphate. 

The  LrimctaphoRphate  has  a  great  tendency  to  form  donble  aalta,  ao  that  the  nynt&U 
obtained  SA  above  hIwhvs  contain  a  certaia  quantity  of  sodium-salt,  unless  a  lazge  »• 
CMS  of  silver-nitrate  has  been  u.ted  in  prejiaring  Ihtm. 

Hfxmftaphogphate,  Ag*PO'*,  separates  in  shininj?  crystals  when  oxide  of  silroa 
melted  with  excess  of  phosphoric  acid  and  the  mass  is  left  to  cool  slowly.  Fonnsd 
also  by  precipitating  a  solution  of  recently  ignited  mctaphonphoric  acid  ia  ice^oM 
water  with  nitrute  of  silver.  It  is  white,  insoluble  in  water,  becomes  soft  and  Sftti* 
fluid  at  lOfl'^,  and  meltc  to  a  trannparpnt  gins*  nt  n  highf  r  temperature.  It  is  dscon- 
poeed  by  sulphide  of  sodinm,  yielding  Graham's  deliquescent  metaphosphHte  d 
sodium.  By  prolonged  boiling  with  water,  it  gires  up  part  of  its  acid,  and  ia  eap- 
Tertrd  into  a  ropy  mass,  consisting,  acconliug  to  Benelitxs,  of  8Ag^0.2F*0*,  or 
Ag^'O". 

;?  Orthophogphatf9.—Th^  Si-itrtjfntic  salt.  Ae'HTO'.is  piy>dac*^  by  di*<olra^ 
the  tri-argentic  salt  in  phusphoric  acid,  or  by  mixing  nitntte  of  silver  with  ■  Isrp 
exc(*{«  of  phosphoric  acid  and  cvuporating  (Berzelius),  nndofVen  dieparatcis  on  miziiig 
H  solution  of  the  tri-urgentic  salt  in  phosphoric  acid  with  ether  (Sch  warxenberg). 
By  emporation  of  the  nnd  solution,  it  is  obtained  in  colourless  ciystalliDe  l^minff  It 
is  immeriintely  resulved  by  ecntuct  with  water  into  the  tri-argentic  salt  and  free  phoft- 
phoric  acid. 

The  tri-arpritCir  mil,  Ag*PO*,  is  obtained  by  precipitating  nitrate  of  silver  with  any 
alkaline  ortliophottphuto.  It  is  n  lemon-yellow  powder,  the  colour  of  which  aft^nif  a 
characteristic  test  for  orthophosphoric  acid,  the  other  two  modifications  giring  whits 
precipicates  (pp.  5^8,  539, 54*2 ).  It  is  inaolubl'*  in  water,  bnt  easily  soluble  i  n  arids,  eva 
in  acetic  acid;  also  in  aqueous  ammonia,  and  is  deposited  on  erapornting  the  ammaoi* 
ffcid  sTilution  in  yellow  orv'hlalline  gruitifi.  It  is  bliu-kfited  and  decomposed  by  exposssi 
to  light,  ai»smnL-4  a  tranaiuut  dark  uraugt-rrd  colour  when  heated,  and  melts  atastreB| 
red  heaL 

y.  Pyropkorphatf,  AgTK)'  or  SAg'O.P'O*. — Formed  by  precipitating  nitrate  of 
silver  with  either  acid  or  neutral  pyrophosphate  of  sodium,  the  (aipcrnauuit  liquid 
being  neutral  in  either  case.  It  is  a  white  powder,  of  apecifie  gravity  6-306  at  7SP: 
contains  no  water;  fuses  nomewbat  below  a  red  heat,  without  any  decompooitioa.  and 
forms  a  dark  brown  liquid,  which  on  cooling  solidifies  to  a  white,  radiated  man. 
a8f*umt.'8  a  rrddish  colour  on  exposure  to  light.  When  boiled  with  ordinaiy  pbosp^e 
of  sodium,  it  is  immediately  decomposed,  yielding  yellow  tri-argentic  phosphate  and 
aqueous  pyrophosphate  of  sodium:  probably  in  this  manner: 

3AgT«0'    +    4Na»HP0«     -     4Ag»P0*  +   Na»P»0»    +    2Na«H'PH)». 
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According  to  th\a,  the  vater  should  contain  both  mono-  and  di-sodic  pyrophoirphate. 
Pyropho*iph»t©  of  silvpr  dissolves  readily  in  cold  nitric  acid:  bat  when  boilea  with 
either  nitric  or  sulphuric  acid,  it  is  eonrerted  into  the  orthophoephate,  ao  that  the  ko- 
turion  gives  a  jHlow  precipitate  on  addition  of  nmmonia.  Aqufloaa  bjdrochloric  aeid 
eonvertg  it  into  chloride  of  silver  and  free  phosphoric  add.  It  diwolTeai  with  tolerable 
facility  in  ammonia,  and  is  thrown  down  unchanged  by  acids.  It  ia  inaolnble  io 
acetic  acid,  and  not  altered  by  boiling  with  water  (8tromeyer) ;  insoluble  in 
Bolutioua  of  the  pyTophosphatea ;  very  slightly  soluble  in  silver- nitrate.  (Schwar* 
senberg.) 

8.  FIcitmann  and  ffcnnrberfs  8ilver-ph«9phatfs, — These  salta  are  obtained  by 
precipitating  the  corresponding  Bodium-salts  (p.  637)  with  nitrat*  of  silver.  The  salt 
Ag*P*C)"  or  SA^O.iPK)*  diBsolvoa  in  a  Lai^e  ezcesaof  the  sodium-Ault ;  it  is  inoolable  in 
water,  but  is  decomposed  by  prolonged  washing  with  wat*T,  phosphoric  acid  dissolving 
out.  It  melts  at  a  m»lerately  hjgh  temperature.  It  is  perhaps  identiciil  with  the  salt 
which  Berzeliusobtiiined  by  prolonged  boiling  of  di -argentic  phosphate  with  water  (p.  576). 

The  salt  Ag"P**0"  or  eAg'O.SPO*  is  easily  soluble  in  excess  of  the  coxresponding 
■odiom-ttult. 

PtkoaptiateB  of  Bodlnm.  a.  Metapho$pkate$^  nNaPO*. — Suits  having  this 
composition  obtiiined  t^  ignition  of  disodic  pyrophoephute,  Nu'H'P'O',  or  roonosodir 
on  ho  phosphate,  NaH'PO',  or  Bodlo-ammonic  orthophosphate  (micrucosmic  salt), 
Na<NH*)H-PO*,  and  moet  advantageonsly  from  the  last -mentioned,  which  is  panily  pre 
part^  pure.  The  ri'^ulting  metaphosphates,  as  first  shown  by  Graham,  exhibit  con- 
sidentble  diversity  uf  charucler,  according  to  the  degree  of  bent  applied  and  th( 
qtuckoesfl  or  slowness  of  the  rate  of  cooling — differences  which,  as  already  observed, 
are  attributed  to  polymeric  modifications  (p.  538). 

Monosodic  pympho&phHte  and  orthophosphate.  when  heated  for  some  time  to  200^ 
—260®,  give  off  nearly  all  their  water  of  cryf*tallimtion,  and  the  remaining  salt,  atlei 
being  heut«d  to  about  31A^,  retains  scareelyono-third  per  ceiit  water.  If  it  be  then 
treated  with  water  after  cooling*  the  grt'Ater  part  dissolves  as  pyrophosphate,  while  a 
sraall ouantity  of  metaphosphate remains  behind.  Aiter  the  salt  has  been  hpatinl  more 
strongly  and  for  soTi^e  minutes  to  near  redness,  the  rraidue  is  for  the  most  part  inso- 
luble, and  consists  of  mono-metaphosphate.  When  strongly  ignited  it  melts,  and 
after  very  slow  couling  yields  a  cry  stall  isable  salt  containing  audio  tri-metaphoa- 
pbate ;  by  nipid  cooUng,  on  the  other  hand,  it  ii  converted  into  vitreous  hexmcta- 
phosphate.  In  like  manner  micr(>oo(miic  salt,  when  exposed  to  a  gradually 
incr'^a«ing  tcmpirature,  first  gives  off  crjstallisation- water  and  ammonia,  leaving  a 
very  acid  siiluble  salt,  consisting  chiefly  of  disodic  pyropbosnhute ;  but  on  increasing 
the  heat,  more  water  goes  off,  and  there  remains  a  metapbosphate  which  melts  at  a 
red  heat. — Dimetuphosphate  and  tctrametaphosphate  of  sodium  are  obtained  from  the 
corresponding  copper  and  lead-salts  by  double  decomposition. 

1.  The  TwynomfUtphosphatr,  NaPO*.  obtained  as  above,  or  by  fusing  2  pts.  nitrate  of 
sodinm  with  1  pt.  of  syrupy  phosphoric  acid  at  a  strong  heat,  and  washing  out  tho 
product  with  roM  water,  is  a  dense  white  powder,  nearly  insolnble  in  water,  even  at 
the  t>uiliiig  heat,  but  easily  dissolved  by  acids  (Maddrell).  By  boiling  with  caustic 
alkalis  it  IS  slowly  convert^l  into  orthopbosphate. 

2.  Dinftaphotphatet  Na'rH)*.2H'0.^0btaiiicd  by  digesting  cupric  dimetapbosphata 
(p.  560)  with  a  warm  solu'.ion  of  monosnlphide  of  sodium,  filtering  when  the  solution 
retains  only  a  slight  alkaline  reaction,  evaporating  in  contact  with  the  air.  dissolving 
the  residue  in  water,  and  gradually  adding  un  eqaid  vulume  of  alcohol  of  SO  per  Cent. 
It  then  spparatcs  in  cuncenlric  groups  of  long  niK-dl^s,  This  salt  dissolves  in  7*3 
pts.  water,  either  hot  or  cold,  forming  a  neutral  solutioa,  which  may  be  keptformontha 
without  attoration  in  the  cold,  but  is  eonvertetl  by  prolonged  bulling  into  orthophos- 
phate  without  pA«Bing  through  tho  intermediate  iitagn  of  pyrophosphate.  It  gives  off 
all  its  water  at  100^  ;  the  dry  sail  absorbs  water  from  the  air,  and  becomes  boi  when 
mixed  with  water.  It  aepurutes  unallerM  from  a  solution  in  caustic  soda  on  evapora- 
tion, and  from  solution  in  hydrochloric  aetd  on  addition  of  uli*ubol ;  but  when  heated 
with  acids,  especially  with  strong  sulphuric  acid,  it  yields  orthophosphonc  acid. 
(Fleitmann.) 

SMiio-ammonte  Pimftapkosphnie,  'Sa{^^*)P*0*.WO,  crystallises  on  adding  alcohol 
to  a  solution  of  the  dimetaphosphates  of  sodium  and  ammonium  in  equivalent  propor- 
tions. Thi"  crystals  resemble  those  of  the  sodio-potassic  salt,  are  Ipss  solable  in 
water  than  di- metapbosphate  of  amraonium,  but  more  soluble  than  the  sodium-salt. 
Jtgives  offits  water  at  100^.     (Fleitmann.) 

Sodio-potauic  dimctapfv}sphitr,  NaKP*0*.H'0,  separates  as  a  crystalline  powder  oa 
mixing  the  concentrated  solutions  of  the  component  salts  in  equivalent  proportion;  also 
on  mixing  th*  potasniuni-Ball  with  chloride  of  sodium,  or  the  sorlium-^ail  with  chloride 
of  potassium.    Dilute  soluiiunii  yield  the  double  salt  io  larger  crystals  by  spontaneous 
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innpowtion.  It  diwotTM  in  24  pts.  of  coM  w»t«r.  The  eryttAls  do  not  m  off  #7| 
their  watpr  of  cn-Btallisation  nt  160";  »f.  higlwr  t<*mpeirulures  the  mU  twit*,  ua  « 
•onvertod  on  cctoIingintotransparenteMilr  soluble  hexmetaphosphnT^.  (FUitaiit) 
Sidjo-arprntic  difMiaphofpkaie^  NiiAgP*0\  sepanitm  graiiuuUy  from  a  wUlKa  li 
idlrer-Ditratr  mijcod  with  cioom  of  the  »odium-«ut,  in  beautiful,  truDhpuPenl,  n^or^ii. 
nic  ciystAla.  Wheo,  on  the  contrary,  an  px««a  of  flilrer-tiitrat^  ia  n»<«i,  ntMlW  <n* 
■taJa  an  obtained  consisting  of  par«  argentic  dijttfltapho8pbat«k  (FleilatBi  ol 
Henneberg.) 

3.  Trimtapho$phaU  of  Sodivm,  Na'P^'.6H-0  or  3Na*0.3PH>*.l2HK)  {sjm^ 
Uaable  metaphoiphala),  ia  formed  b;  expoaing  micztwosmic  aalt  to  a  modrart*  kai 
(Orafaain),  or  by  alow  eooliog  of  the  strongly  heat«d  and  faaed  salt  (Fleit&Ma 
And  H  e  n  u  e  b  e  rg).  A  cooaiderable  masi  of  the  salt,  left  to  cool  reij  aUnrlT,  beo^n 
beautifully  cryt«t&llinp,  and  if  then  disaolved  in  a  moderate  qaantitjr  of  wvm  mtim, 
yields  a  milky  Uouid,  vhich  aeparatea  on  standing  into  two  layers,  thf^  larger  nf  v^iq 
yields  the  cryr*toIUne  aalt  on  evaporation.  The  fineat  crfatala  are  obtaiaea  by  Irvriir 
ilie  conccninited  rolution  to  evaporate  in  ahdlow  Teaaelk  Tbe  cryatab  an  obfi^ 
rtiombic  prisms,  having  a  cooling  saline  taate,  soluble  in  4'5  pta.  of  oolil  v^ 
naringlj  soluble  in  aqueous  alcohol,  insolubla  in  absolute  alcoboL  The  aqaKioi  wh- 
ttoo  is  permancut  in  the  cold,  but  tuma  acid  on  boiling,  and  im  quieklv  coQTen«d  rati 
acid  orthophosphate ;  the  aamc  change  is  more  quicklj  produced  by  dilute  acida  T% 
crystals  do  not  melt  in  their  water  of  erycftallisution  when  heated.  At  100°,  orii 
vacuo  over  oil  of  ritriol,  they  gire  off*  }J  of  their  water,  the  laat  portion  being  «apsQsl 
only  at  a  much  higher  temperature. 

Trimetaphosphate  of  soaium  forms  soluble  double  salts  with  the  two  oonespeafi^ 
•alts  of  the  alkaline  earth-metals  and  the  diatomic  heavy  mrtola. 

Bodio-harytic  trimetnphosphaU^  Na'Ba'P^'*.H'0.  separates  in  atellate  groaps  rf 
crystAlfl  from  a  filtered  solution  of  1  pt  chloride  of  banum  and  2  to  3  pts.  trnrts- 
phosphate  of  sodium.  It  is  somewhat  more  soluble  in  wntrr  than  the  pare  bacoBMib 
(p.  £63).  The  ervHtaln  give  off  6  nt.  wator  at  100*^,  the  n-Mt  without  tumefiwfion  sis 
stronger  hent.  The  slightly  ignited  unfused  mass  is  insoluble  in  water,  bat  I 
•asily  mluble  After  fusion. 

4.  TctramfUtpKMphaUof  5brfi«m,Na*P*0'«  with  3  or  4  at.  H*0,  or  4Na*0.4l«0»Tifkl 
6  or  8  at.  E'O. — This  salt  is  prepared  by  digesting  tbe  corresponding  lead-salt  witlj 
monosulphide  of  sodium.   The  action  takes  place  quicklv  and  with  rise  of  temperstan^J 
the  mixture  awelling  up  and  sohdifying  to  a  coherent  elastic  cake  oonsiatrng  of  d  " 
tetramctaphosphate   mixed  with  flnely  divided  sulphide   of    lead,    and   Sis  li, 
remaiaiog  gummy  even  when  diluted  with  100  times  its  bulk  of  water,  so  that  rt'e 
scarcely  be  filter^.      By  adding  alcohol  to  tie  dilute  solution,  the  salt  is  pree^tsl#^ 
as  a  colourless  elastic  ropy  mass,  like  caoutchouc.   The  solution  is  neutral,  and  dries  19 
by  spontaneous  evaporation  to  a  transparent,  fisstired,  non-hygroacopie  mask     Ifas 
salt  melts  when  bested,  and  ir  conrortea  into  heimetaphosphate  of  sooinm. 

TbtTHmotaphriKphate  of  sodium  forms,  with  the  salta  of  the  alkidine  earth-metUiv 
insoluble  elastic  compounds,  which  by  prolonged  contact  with  water  an  oofiTerted  ialo 
ortho^oephates.    (Fleitmann.) 

Bowxufrie  tdrametanhosphatf^  Na*Cu'P*0^^  is  obtained  by  mixing  the  dtB«ta- 
pbosj^utea  of  copper  ana  sodium,  adding  one-fourth  as  much  free  pfaoe|^nric  acid  a 
the  two  salts  together  contain,  evapomting,  and  heating  the  dry  residue  to  300°. 

Sodio-nujgmetie  metaphogphatr^  Na'Mg'T'O".— When  phosphoric  add  pwpawd 
from  bones  and  freed  from  hme  and  sulphuric  arid  (p.  &80)  is  evaporated  down,  and 
then  heated  for  some  time  to  310**,  metapbosphate  of  mngnesiutn  separstea  out  finC, 
and  then,  after  longer  beating,  the  Bodio-magnesic  salt,  as  h  white  powder,  ina^hiblt  ta 
wuicr.  hydrochloric  acid  and  nitromuriatic  acid,  and  soluble  only  in  stroog  snlpliane 
acid  (Maddrell).  This  salt  hjis  Iht*'  composition  of  a  di-  or  tetrametaphosphata^  btt 
the  particular  modiflcation  to  which  it  belongs  is  not  exactly  known. 

When  sulphate  of  cobalt  is  heated  to  316°  with  impure  phosphoric  acid  eonti 


iodic  mefAphospha(4*.  A  double  salt,  containing  NaKloTK)",  eepamtea  ae  a  powder  rf 
a  fine  rose  colour,  ini<<iluble  to  water  and  in  adds,  even  in  strong  sulphnric  sod.  A 
nir^cV-salt  of  analogous  composition  is  obtained  in  likti  manner  oa  a  greenirii  povte. 
soluble  only  in  strong  sulphuric  acid. 

5.  Hexjrutapkoitpluite  nf  Sotiit/m,  Na*P*0'»  or  6Na»0.6P=0*  (rfc/iyuMivn/  or  fx/wew 
tMifiphdfphate ;  Graham's  mftaphcsphaU).  This  salt,  obtained  by  rapid  rwtogof  th# 
melted  mass  (p.  £77 X  forms  an  amorphous,  colourless  glass  which  quickly  absorbs 
moiftture  from  the  air  and  deliquesces.  It  dissolves  easOy  in  water  and  in  alr<^ 
formirfr  slightly  acid  aolntions.  Wlien  dried  in  the  air  at  30*^.  it  become*  risad  asl 
dric«  up  to  a  traoKpawnt  pim.  The  Bait  dried  in  vacuo  odntitins  I  at-  tioda  to  (dop» 
than  l|  at  water  ^or  I  at.  Na  to  1^  at  H.),  and  it  still  retains  1  at.  water  aftrr  dryis" 
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At  100^,  bat  if  then  converted  into  disodic  p^pboiphitei  N»'ri"P*0'.  The  aqaeoua 
Molntion  does  not  undergo  any  chunge  either  in  tba  cold  or  when  boiled  either  alone  or 
vith  csuitic  8oda.     (Qraham.) 

Sodio^ammonic  HexmrtapkMpkate. — When  The  solation  of  the  salt  just  described  ii 
evaporated  with  aal-axnmoniac  and  then  mixed  irith  alcohol,  this  doable  salt  aeparate* 
ma  a  Byrup.  which  may  b«  purified  by  solution  ia  w»l^  and  r^procipiutioD  with 
alcohol.  It  containa  aJda  and  ammoaia  in  propoitiooa  roryiugbeCweea  1 :  1  and  5  :  1. 
(Fleitmano.) 

fi.   Orehopho*phateM  of  Sodium.-Th^   mtmotodie  *ali,    NaH'POMPO    - 

2D>^(P*0*.2H*0,   ia  obtained    by  mixing  the  solation  of   the  diaodic  aalt  witk 

phosphoric  acid  till  it  no  longer  precipitate*  chloride  uf  calcium.  The  M^lution  con- 
centrated and  coultKl  deposits  the  salt  in  rather  large  crystals  belonging  to  th»-  trimetrio 
aynt^m.  The  more  ordiuaiy  form  has  the  axes  a  :  6  :  o  •>  0*0342  :  1  :  0-9,J73.  Aii[^t* 
oDp  :  ooP  m,  86^6';  f*«D  :  tao  (basal)  =  91**  2V,  The  dominant  eombtaation  ia 
ccp  .  oP  with  the  faces  P«  ,  P,  oc|*ao ,  and  otben  sabordioate.  S>metime»,  bowor*^, 
4h»  salt  erysiallises  in  another  form,  also  trimetric  and  iaomorphous  with  mouosodio 

^anenat«,  NaH*AjiOMlK).     In   thia  f .rra    tho   axci  a:  b  :  e   -    0-8170  :  1  :  U-4988. 

I  Angle  P  :  P  (brachyd.)  -  133*  48' :  P  ;  P  (macrod,)  -  122^  38* ;  P  :  P  (basal)  » 
79*^  Sr ;  aP  ;  »P  ==  78^  30';  ?«  :  P»  (baaal)  «  53°  7';  2^00.  2l'oo  (basal)  » 
83*^  59'.  Principal  fac-ea  ccP,  P,  with  Pw  and  2P«  subordinate.  The  salt  is  tht-re- 
iore  dimorphous  (Kopp).  By  rapid  crystallisation  of  a  strongly  concentrated  solu- 
tion, or  ^m  a  solution  of  the  disodic  salt  mixed  with  nitric  acid,  it  sep&ratei  in 
oystala. 

Thf^  crysfallised  salt  has  a  specific  grarihr  of  2*040.  It  gives  off  all  its  aystalliaa- 
tion  water  at  100^,  melts  at  204*^,  giving  off  1  at  basic  hydrogen,  and  being  eunvertnl 
into  pyrophosphate,  and  at  23d°  it  gives  off  the  last  atom  of  hydrogi-n.  leaving  a 
residue  uf  metaphoephat«.     It  is  ejibily  soluble  in  water,  insoluble  in  alcohol     The 

I  solntiun  forms  a  yellow  precipitate  witli  silver-nitrat*,  but  the  precipitation  is  not 

LeompleK^  aa  the  nitric  acia  which  ii  set  free  holds  a  portion  of  the  ailTer  phosphate  ia 

I'solatioa. 

Jh'todie  OrthophotphaU  or  Afonoacid  Photphate  of  Sodium,  Na'HPO*  or    «5^^  |  P«0», 

I  also  called  or(ffnan^  or  rmitral  pKotpkatt  of  ioda;  sal  mirahiU  perUitum. — This  aalt  occun 

I  in  the  blood,  especially  in  that  of  poultry,  and  in  urine.    It  is  easily  prepared  by  adding 

I  caustic  soda  or  sodic  carbonate  to  orthuphosphoric  acid  till  the  liquid  becomes  sUghtljr 

I  alkaline.     It  is  obtained  in  larger  quantities  from  bone-phosphoric  acid,  which  for  thia 

purpose  must  bu  firt*e  fi\>m  excesa  of  sulphuric  acid,  bat  mtiy  contain  lime  or  mngnesia ; 

3  pts.  of  burnt  bones  are  digented  fur  about   24  hount  with  2   pts.  sulphuric  acid  and 

24  pts.  water ;  the  re^ulting  paste  is  washed  with  warm  wat^r,  and  the  liquid  is  mixed 

with  sufficient  carbonate  of  »i>dium  to  prodnee  a  slight  alkaline  rAaction.     The  lime  and 

maffneoia  arc  thereby  precipitated  as  trinietullie  pboHphates,  any  arsenious  or  aisenic 

acid  that  miiy  be  present  being  precipitated  at  the  same  time.     The  solution  is  then 

evaporated  to  the  crystiiUimng  (>oint,  the  mon*  soluble  foreign  salts  remaining  in  soln- 

tion,  and  the  cryKtals  of  disodic  orthophuspbate  which  separata  are  puri6Kl  by  aolution 

and  recry stall  isation. 

The  crystals  thus  obtained  contain   12  or  24  at.  water    »    Na'HPO*.12HK)  or 

^^  j  PH)*.24ll*0.     They  are  monocUnic  prisms,  having  the  axes  aib'.c^  0-fi773 : 

1  :  0-8211.  Angle  of  inclined  axps  «  48°  30*.  oeP  :  c»P  (orthod.)  -  1120  10'; 
+  Poo  :  tf  -  70° 42';  +2Pqo  :  c  ^^T^W;  oP  :  ooP  =  73°  3*.  Ordinary  combination 
oeP  .  oP  .  +P.   +2PoD,like  fipirw  295  (Crtbtaixooraput,  ii.  154).     Isomorphous 

with  disodic  arsenate,  Nu^UAaOM^H'O.   The  crystahi  ore  larger  and  better  developed 

when  they  contain  a  smalJ  quantity  of  sodic  carbonate. 

A  BoiutioQ  of  the  ialt  left  to  evaporate  at  33°  depoaits  crystals  containing  Na*HPO*« 

7H*0  or  ^^"^  [  P^'.  U  H*0.     These  crystals  are  monodinic,  having  the  axe«  a-.hio 

«  0-8271  :  1  :  1'099.  Angle  of  inclined  axes  -  83°  0'.  Angle  obP  :  »P  (orthod.) 
*.  101°  H';  «P2  :  »P2  (orthod.)  =  62°;  +P»  :  e  =  46*' 27';  oP  :  ooP  - 
84°  34'.  Combination  ooP  .  oP  .  wPco  .  [  ooPoo  ]  .  +P  .  — p  .  +  Poo  .  Cleavage 
parallel  to  odPoc  .  The  crystals  are  iaomorphous  with  thoae  of  the  corresponding  sodio 
arsenate,  Na'HAB0*,7HK).     They  do  not  effloresce  on  exposure  to  the  air. 

The  crystaK  Nft*HP0M2HO,  have  a  specitic  gravity  of  1-526  (8c biff.  Jahresb. 
1869.  p.  16);  they  melt  in  their  water  of  crystallisation  at  35°,  and  the  salt  after  fusion 
and  ■olidificntion  has  a  specific  gravity  of  1  -586  at  8**.  The  crystals  expand  in  the  mtiu 
of  1  :  1-001  between  0°and  20°;  and  of  1 :  1005  between  0    at  35°;  at  the  mom'  ut  of 
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fusion  the  volame  iocreasefi  by  61  per  cent.,  bo  that  the  Tolame  of  the  liquid  salt  at  35" 
is  to  the  ongioal  vblame  at  O''  as  1056  :  1  (H.  Kopp,  Jahreab.  1855,  p.  45).  Tb« 
crystals,  vhen  exposed  to  the  air  at  ordinaiy  temperatures,  effloresce  without  disinte 
grating;  at  a  gentle  heat*  even  at  30° — 40°,  and  likewise  in  vacuo  over  oil  of  Titriol, 
they  gradually  give  off  all  their  water  of  exystallisation,  and  the  anhydroos  salt,  if  ex- 
posed to  moist  air,  gradoally  takes  up  7  at.  water.  The  specific  gravity  of  the 
anhydrous  salt,  Na'HPO*,  is  1-619  (Schiff).  When  heated  to  redness  it  gives  off  it* 
basic  hydrogen  and  is  reduced  to  neutral  sodic  pyrophosphate. 

The  crystals  with  12  (or  24)  at.  water  dissolve  in  4  pts.  of  cold  and  2  pt&  of  hot 
water ;  a  boiling  saturated  solution  contains  112  pts.  of  the  crystallised  salt  to  100  ptsi 
water,  and  boils  at  106*6  (Liebig).  According  to  Ferrein  (Jahresb.  1858,  p.  117) 
1  pt,  of  the  crystallised  salt  dissolves  in  1173  pts.  water  at  13°,  and  the  salt  is  soluble 
in  almost  all  proportions  of  boiling  water.  According  to  Keese  (Jahrenb.  1863, 
p.  180),  1  pt.  of  the  salt  dissolves  in  6-7  pts.  water  at  15°,  in  58  pts.  at  20°  and  in 
3-2  ptk  at  25°.  The  solution  satarated  at  15°  does  not  deposit  any  crystals  after 
standing  for  eighteen  hoars  at  12°.  Hence  Neeee  regards  Liebig's  statement  regarding 
the  solubility  ofthe  salt  as  more  correct  than  that  of  Ferrein;  Wittstein  (Arch.  Pharm. 
exv.  43)  rv^rds  the  latter  as  the  more  exact— The  7-  or  14-hydrated  salt  Na*HPO*. 
7H'0  or  2Ntt*0.HK)  J*"-0»  +  14  aq.  dissolves,  according  to  Neese,  in  8  pts.  water  at  23*. 
According  to  Poggiale  (J.  Pharm.  [3]  xliv.  273;  Jahresb.  1863,  p.  181),  100  pta. 
water  at  various  temperatures  dissolve  the  following  quantities  of  the  salt  dried 
at  100°:— 


Temperatoret.  '  Weight  or  salt 

Ns<HPa«  dlitolred. 

0°       .  .  .  1-66 

10         .  .  .  4-10 

20         .  .  .  1108 

30        .  .  .  19-96 

40        .  .  .  30-88 

60        .  .  .  43-31 


Temperatares.  Wrtcbt  of  nk 


60« 

70 

80 

90 
100 
106-2 


65  29 
68-72 
81-29 
96-02 
108-20 
114-43 


According  to  Schiff  (Ann.  Ch.  Pharm.  criit.  826;   Jahresb.  1868,  p.  88)  ths 

densities  of  solutions  of  various  strengths  are  sa  follows : — 

Percentace  of  Ni^HPOMaH^O  Density  of  loIaUoa 

In  Mlutioa.  at  19^. 

10-69 1-0442 

i  6-99 1-0292 

6-29 1-0220 

4-66 1-0198 

8-50 1-0160 

■  2-33 10114 

116 1-0067 

Ordinary  phosphate  of  sodium  has  a  cooling  saline  taste,  not  so  unpleasant  as  that  «f 
Olanbei^s  salt,  and  is  often  used  instead  of  the  latter  as  a  puivative.  The  oommscial 
salt  frequently  contains  small  quantities  of  sulphate  and  emonde,  also  traces  of  arsenie 
derived  from  the  sulphuric  acid  used  in  its  preparation  from  bones. 

THtodic  orthophoBphaU,  Na»P0M2HH)  or  3NaK).P«O*.24H«0.— This  salt  is  ob- 
tained by  mixing  a  solution  of  t4ie  preceding  with  caustic  soda  and  ev{4>orating  to  the 
crystallising  point ;  or  by  igniting  dry  disodic  orthophosphate  or  pyrophoaphate  with 
the  requisite  quantity  of  sodic  carbonate,  dissolving  the  mass  in  water,  and  ctyMallisiBg. 
It  may  be  purified  by  recrystallisation  from  2  parts  of  boiling  water. 

The  crystals  are  thin  six-sided  prisms  with  truncated  end-mces ;  they  have  a  npecile 
gravity  of  1*618  (Schiff);  are  permanent  in  dry  air;  melt  in  their  water  ofajB' 
tallisation  at  77°.  The  salt  dried  at  100°  still  retains  1  at.  water  font  of  24  at^ 
which  itgivesoff  only  ataredbeatk  It  does  not  melt  even  at  a  foil  red  heat,  bat  aiudl 
glass  strongly  at  that  temp^ture.  The  crystals  dissolve  in  6  pts.  water  at  15°.  Tte 
densities  of  solutions  of  various  strengths  are,  according  to  Schiff  (Aaa.  Ch.  Ibarm 
exiii.  183;  Jahresb.  1859,  p.  41),  as  follows:^ 

Percenla«e  of  Dentttyef  inlmlsa 

Ka>PO«.13HSO.  it»P, 

'  2203 1-IOU 

17-60 l-08ia 

1100 1-0496 

8-80 1-089S 

4-40 10I9S 

The  solution  when  exposed  to  the  air  absorbs  eaiboDic  add,  which,  ■■  wiO  m  otktf 
weak  adds,  abstracts  the  third  atom  of  base.    Chlorine^  facoodD*,  ami  Mb*  liktM* 
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act  upon  tlie  third  atom  uf  sodu  as  on  fri^  loda.  When  a  nentrml  silrer-BoIution  ii 
prtt:i[^tal(-tl  hv  Criaodic  phcwp]uit<>,  ihe^  liquid  rrmains  neotral. 

l'h"fip/info-fiut»rtJ*  of  Si'dmin,  Nn'POVNaF,  w  produoed  hj  fusing  together  i  pte  of 
diiKjdio  pyn^phrutphnte,  2](  pU,  sodic  rarhoiiAt**,  and  1  pt.  fluor-tipar,  nod  diffpfiring  the 
fused  mti'iH  with  wnnn  «rHt«r ;  also  by  dig«>Ktitig  pulrftWHl  cryolite  for  soTenil  days  with 
ttsolnlioii  uf  ordioarv  phuspbatHof  Bodiuui  anil  enuBfic  aod&,FiDd  1p«ring  th«  solution  to 
evnpumte ;  or  by  uixiii};  a  solution  of  fluoride  of  sodium  with  ordinary  phovphat^  uid 
enuBtic  noda.  Kithor  of  the«(*  solutions,  nfter  concentration  ovor  tbr*  wnter-bath, 
depufiil«  itie  phusp  ha  to- fluoride  in  hard,  limpid,  regular  octahedrons  mollified  irith 
&ce6  of  the  cub«  and  rliombic  dodeoahedroTi.  It  has  a  specific  gravity  of  2"il6d  at 
2d^  disBolvra  in  R-31  pts.  water  at  26°  (the  solution  having  a  density  of  1*0329),  and 
in  1*74  yis.  water  at  70°  ^apecific  gravity  of  solution  «=  1091).  The  aolution  wh<m 
boiled  down  deposits  fluoride  of  sodium  (Briegleb,  Auo.  CIl  f'hAnn.  scvii.  95; 
Jahre»b.  1866,  p.  338). 

Nm*0    ) 

Suduh<tmmonic    Orthopkotpkatr^    Na(NH*)HI>0V4H'0     or    (NH*)'O>P'0*.8H'O. 

Phofpk/tnti  salt,  MitTt^famie  Miit,  Ar/  uriftif  sativum  s.  JusihiU. — This  salt  ocenrt 
abundantly  in  human  urine,  at  \caat  nflor  puLrL-fuction,  and  mny  bo  prepared  there- 
ftvni :  it  is  found  also  mixed  with  the  rarlranates  and  phosphates  of  caldom  and 
mugnosium  in  guino  fromlohaboe;  the  salt  from  this  source  is  called  stercorits 
by  Hpraputh.  It  ia  formed  on  mixing  disodic  orf  hophowpliato  wi»h  phaspbate  of  ammo- 
nium ur  other  amnionijicaJ  salt,  or  monu!H>dii!  orthophusphuto  with  nmcDunia,  and  may 
be  ea-HJly  pn-pared  by  dissolving  6  pts.  of  ordinary  crystalliwd  disodic  orthophosphati^ 
and  '1  pts.  phosphate  of  ammonium  in  a  #imall  qtuintity  of  hot  wiit^r,  and  cryntalliHing, 
or  6  to  7  pts.  of  the  crystallised  eodium-falt  and  1  pt.  sal-ammoniac  in  2  pts.  of  boiliug 
water ;  the  sodio-amraom'c  Salt  then  crystallis»»s  out  on  cooling,  while  chloride  of 
sodium  remains  in  solution:  Na'J^PO*  +  NH*C1  -  Na(NH*)HPO'  +  NaQ.  It 
may  l>e  frt-ed  from  eblunde  of  sodium  hy  recr^'s tall lsh lion  frvm  a  small  quantity  of 
boiling  water  coDtfuning  a  litUe  fn'u  ammonia. 

Thu  crystals  me  monoclinic  prisms,  ivomorphous  with  those  of  tho  coxToeponding 
arsenate.  Axes  a:h:  c  ~  03469  :  I  :  0-3236.  Anglo  of  inclined  axes  »  S0°  42'  . 
«P  :  ocP  (orthod.)  ^  141°  16';  -2Poo  :  r  =  fiO**  43';  -f2P»  :c  -  63°  51'; 
+  4Pm  :c  «  41<'8';  oP:  ooP  -  86*56'.  Combination  odP  .  oP.  [oDPao]  .  -P. 
-2P«  .  +2Poo  .  +4PoD. 

The  crystals  hare  n  specific  gravity  of  l'6d4(Schiff),  and  a  cooling  saline,  somewhat 
ammoaiaca)  tnste;  they  dissolvo  easily  in  watir,  iheMlutiun  giviug  off  part  uf  its  ammonia 
on  evaporation.  They  effloresce  on  the  surface  when  exposed  to  the  air.  and  at  a  geulls 
heat  give  off  their  water  and  a  portion  of  their  ammonia.  At  a  stronger  heal  tho 
cult  melts  wilii  strong  intumescence,  ^ving  off  all  its  water  and  smmonia,  and  Imviiig 
pure  metaphoBphate  of  sodium,  which  in  the  fused  state  easily  dissolrea  metallic 
oxides,  forming  di-  ami  tn-metallic  phoaphaLea,  poasesaing  in  many  cases  rer^  eliarac- 
teristic  colours.  On  account  of  these  reactions,  the  salt  ia  much  used  as  a  flax  in 
blowpipe  experiments. 

Uelsmann  (Arch,  Pharm.  [2]  xcix.  138;  Jabresb.  1859,  p.  75),  in  preparing 
Bodio-nnimtiuic  phosphate,  once  obtained  it  in  long  efflorescent  prisms  cuutuining 
Nft(NH*)Hl*0*.6H'O,  but  on  dissolving  them  in  water  containing  ammonia,  and  re- 
crystallising,  ordinary  microcoamic  salt  nnth  4  at.  water  was  obtaiiud. 

Sodio-diammonic  phojtphatr,  Na(NlI*)'P0*.4H'0,  separates  in  dazzling  white  pearly 
crystalline  lumitue  on  adding  strong  ammonia  to  a  cold  saturated  aqueous  solution  of 
microcoamic  salt.  On  exposure  to  the  air,  it  gives  off  ammonia  and  is  converted  into 
ordinary  mierucosmic  salt,  wbtoh  also cryh-tallises  out  when  a  solution  of  the  diammonio 
salt  is  left  to  evaporate  apontaneously.  On  one  occasion  the  diammunic  salt  cry- 
Btalljsed  with  5  at.  water.  A  solution  of  the  diammonic  salt  in  hot  sutumted  aqueous 
aniniunia  yielded  Ichs  lujitrous  crystaJs  of  a  salt  containing  (NU*j'PO*.Na(NH*/PO*. 
6il*0.     lUelamann.) 

Sodio-barytic  Orthophoaphate^  NaBa"PO*. — Prepared  by  igniting  1  at,  dibarytic 
orthophoaphate  with  1  at*  carbonate  of  sodium  ;  but  it  is  decomposed  in  great  part  by 
vaflhmg  with  water,  the  re«da6  always  containing nconsideTablequantity  of  tribarytie 
pbospbtttp.    (H.  Rose.) 

8odio4ithic  Ort/u>phogpkale,  (Li ;  Na)"rO*.— This  doable  salt,  which  oontAins 
Tanable  proportions  <>f  Hodinm  and  lithium,  thn  two  metals  replacing  one  another 
isomorphoualy,  is  obtained  by  mixing  a  solution  of  or^linary  phofiphate  of  sodium 
with  a  lithinm-salt,  evaporating  to  dryness,  an<l  treating  the  residue  with  water,  lbs 
double  Bait,  which  is  very  slightly  soluble,  then  remaining  behind.  It  forms  a  whitn 
light  powder  hke  phosphate  of  calcium  or  magnesium,  requiring  nearly  1400  pta.  of 
watei  at  15**,  1233  pts.  at  60^\  and  i>5o  pTs.  at  100^,  to  diswlvc  it ;  in  water  containing 
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phoaphAte  of  sodium  it  U  almoct  insolnble.  According  to  Ramraelftber^tiM  lUl 
senerally  conUim  from  9*9  to  15*3  per  cent,  litbiam  (22  to  34  per  eeot  IhhA); 
but  ftcoordiog  to  Frfseniaa  the  Bait  obtained  hj  erAponiting  the  tcUatkft  d  i 
lichium-wilt  with  phosphAte  of  Bodium,  adding  a  quantitj  of  sod*  niffident  lo  \ttf 
the  liquid  alkalioe,  aou  digesting  tb«  residue  with  iqueous  ammonu,  ia  (vn  tcibl^ 
phoiphale.  U'PO*.  containing  18-9  per  cent,  litliium.     (S«e  Lithtom,  iii  728.) 

Stuito-maffTunc  phoitphat*,  NaMgTO*,  ia  obtainod,  mixed  vith  a  large  qaaatitjtf 
trimaeneno  photpbatp,  by  igniting  dimagnesic  phosphate  with  ao  eqairaieu  qwniif 
of  Bodio  earbonata  and  washing  out  tbb  notable  B&lt«  with  wAt«r. 

Soduh-mwiytNWo-ff^rncvkospkate,  (Na";  Mn')*P0*J'e"TO*.iH*O,  ia  said  to  oetmm 
a  cioT^-brown  mineral  at  Limogew.     (Uandw.  d.  Chem.  vi.  374. ) 

Sodithpoiasnc  orih"ph»sphatf,  NaKiiP0*.8H"0,  ia  obtiiined  by  neotialisioga  nlnlMi 
of  muonoodio  orlhophospbato  with  carbonate  of  potasaiam  or  tbe  monopotaaair aah  vnk 
earbonate  of  eodium,  and  evaporating.  It  then  aeparatoa  complftdjr  ia  firwriiiit 
eryatAla.  io  which  a  :  6 :  c  «  08144  :  1  :  11066.  Angle  of  iadiued  axes  «  83*  W; 
»P  :  odP  (orthod.)  ^  101°  20*:  odP2  !  »P2  (orthod.)  -  62'='  46:  +P«  :e. 
44**  68;  oP:  obP  »  85*^  dO'.  The  cryet«ls  are  usually  tabular,  from  predooiaiui 
Of  oP,  but  exhibit  also  the  faces  ooP,  «Pao,  [ocPoo]  .  +P,  — P  .  +Pao.  Thk 
suit  ifl  PEsily  soluble  in  water,  gives  off  its  water  of  aystalHaatioD  when  ma6taiAf 
heated,  and  the  basic  water  on  ignition. 


y.  PyrophoMphates  of  Sodium. — The  disodic  or  acid  »a/i,  Ka'H'P'O', 
formed  by  beitting  disodic  orthophosphate  with  strong  hydiDchloric  acid  lo  160** — 1*|^, 
or  by  exposing  monosodio  orthophosphate,  NaU'POVHK).  to  a  heat  of  aboat  200^] 
also  by  dusulving  tetnuodic  pyrophosphate  in  acetic  acid  and  adding  alcohoL  vbo^' 
upon  it  sfparatea  us  a  white  crjstalline  powder.  Larger  crrstala  maj  be  obtained  hf 
carefully  pouring  alcohol  on  the  concentrated  aqoeoos  solntion  of  the  salt,  so  that  tlii 
two  liquids  may  not  mix,  and  tearing  the  whole  at  rcsL  The  salt  is  easily  ai^abl*  n 
Water,  and  romoins  on  ornporation  aa  a  friable  cmat  (Schwarcenberg).  WV« 
lieat«d  for  some  time  to  320*^,  it  loses  half  its  basic  hydrogen.  (Fleitmaan  and 
Henoeberg.) 

.The  tetraaodic  or  neutral  pyropAosphatf,  N»'P*OM0H'O,  is  obtained  by  >^^ 
disodic  orthophuRphate,  and  may  oe  cr}-8taUtsed  by  solatinn  in  water  and  eTapnoninL 
The  crystals  are  monoclinic  prisms,  permanent  in  the  air»  easiJj  soluble  in  l 
Ihks  fMihiMo  than  theHiK(HlicorthnphoHphat«.  The  Holntion  baa  an  alkaline  rean 
Ili>-  Molt  contained  in  it  is  not  cimvcrtinl  into  orthopboephate  by  boiling  per  w, 
b<'Vi.til1  days,  but  the  conrersiun  takes  place  easily  on  addition  of  nitric,  hydrochkne^- 
or  even  acetic  acid.  The  crystalltBcd  salt  gives  off  all  its  water  of  crystalliaatioo  «b<« 
gently  heated  in  the  air,  or  in  a  vacuum  at  ordinary  temperatures,  bat  the  dehydrate 
[  salt  when  exfiosed  to  the  air  {gradually  takes  np  again  tlit*  same  amuunt  of  wato'.  The 
dr}'  salt  niells  at  a  high  temperature,  and  sulidiiies  on  cooling  to  a  colourless,  otpafoe. 
vitrpous  mnw. 

TftrubOilic  pyrophosphate,  being  easily  prepared  in  considerable  quantity,  is  mad 
used  for  the  prej>arHtion  of  insoluble  pyrophosphates  and  soluble  double  pyrophosphitca 

Soduj-aluiHtnic  pyrophoMphatt. — The  precipitate  fonne«l  by  sodic  pyrophrwiphat*  is 
sulbtions  of  aluniinium  dissolves  easily  in  excess  of  the  aotliam  salt  (being  thertby 
distingoished  from  orthophosphate  of  alominium),  and  the  solution  when  fri^nt«i 
becomes  tnrbid  at  a  certain  coocrntrntion,  depositing  part  of  the  aluminic  priopj>o»* 
pbate,  whilst  a  soil  riclier  in  allcili  remains  in  solution,  and  is  not  precipitate!  eitha 
by  ammonia  or  by  sulphide  of  ammonium. 

Sodw-ammonic  pyrophosphate, 'SA\^WyP*0^.5lS'0, 15  obtained  by  evaporating* 
solution  of  monosodic  pymphonphntc  Bdtnmted  with  ammonia  over  a  mixture  of  ol- 
ammoniuc  and  quicklime.  It  forms  white  monooUnic  pri.sms  easily  solnbte  in  «it«r; 
on  boiling  thp  solution,  ammonia  is  given  off  and  disodic  pyrophosplute  MnaiDi 
(Schwarzenberg.) 

SodiO'iintimonic  pyrophnsphair, — Monosodic  pyrophosphate,  boiled  with  ireently 
precipitated  antimonious  oxide,  diseolves  a  portion  of  it,  and  the  flltmte  yields  tiy 
e>*aporation  a  cnuliflower-Uke  mass,  which  is  aecomposed  by  water,  the  greater  put  of 
the  antimonious  oxide  then  remaining  nndissotvAd. 

Sodio-auric  pyropkotiphitf,  2Na*P'0'.Au*P*0«'.HK).— Trichloride  of  gold  diaolvH 
in  aqueous  sodic  pyrophosphate,  and  if  the  solution,  which  is  colonrleots  after  wannia^ 
be  evaporated  in  a  vessel  in  which  it  is  protected  from  light  and  dtist^  chloride  of 
fioditim  and  the  excess  of  sodic  pjTophosphate  separate  out,  and  the  double  salt  remaiis 
aa  a  sympy  solution,  having,  according  to  Person  iho  above  composition.  The  t*4ntwf 
has  been  used  for  galvanic  gilding. 

Soduhharytic  pyrophosphate,  Na*P=0'  6Ba'P»O'.6H«0.— This  is  said  to  be  the  oon< 
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position  of  a  double  salt  produced  as  an  amorphous  precipitate,  on  dropping  chloride 
of  barinm  into  a  boiling  solution  of  sudic  pyrophosphate. 

SodiO'hismuth^ropnoipkate. — Monosodic  pyrophosphate  dissolves  a  rather  large 
quantity  of  bismuth-oxiae.  Also  when  bismuth-nitrate  is  washed  with  excess  of 
solution  of  sodic  pyrophosphttte,  a  soluble  doable  salt  is  formed,  whose  solution  becomes 
turbid  when  heated,  but,  according  to  Persoz,  is  not  precipitated  by  sulphide  of 
ammonium. 

Sifdio-calcic  pyrophosphate,  Ka»Ca'T»0'.4H»0  (Baer).— This  salt  separates  when  a 
solution  of  chloride  of  calcium  is  dropt  into  excess  of  sodic  pyrophosphate. 

Sodio-chromic  pyrophosphate, — Known  only  in  solution,  which  resembles  that  of  the 
potassio-chromic  salt  (p.  £76). 

SodUhcdxdtous  pyrophosphate. — ^The  precipitate  fonned  by  sodic  pyrophosphate  in 
the  s<dution  of  a  cobaltous  salt  dissolves  in  excess  of  the  former ;  the  solution  turns 
blue  when  heated,  and  the  cobalt  is  precipitated  by  sulphide  of  ammonium. 

BodiiO-eupric  pyrophosphates. — ^When  a  solution  of  sodtc  pyrophosphate  is  boiled  with 
excess  of  xecentl;  precipitated  cnpric  pyrophosphate,  tlie  hot  filtered  liquid  deposits  a 

white  crystalline  insoluble  crust,  consisting,  after  drying  at  100°  of  N'a^Cu'P'O^.THK). 
The  supernatant  liquid  slowly  evaporated  over  the  water-bath  yields  a  faintly  bluish 
crystalUne  crust,  also  insoluble  in  water,  and  consisting  of  3Na^Cu'TK)',2H*0  (at  100°). 
The  mother-liquor  decanted  therefrom  and  left  to  evaporate  spontaneously,  deposits 
first  the  excess  of  sodic  pyrophosphate,  then  splendid  blue  crystals  of  the  salt 
Na«Cu"PK)'*.2H»0  (at  100*).  Each  of  these  three  double  salts  melts  at  a  red  heat 
(Fleitmann  and  Henneberg).  Persos,  by  a  method  not  exactly  described,  obtained 
the  double  salts  Na«Cu'T«0'.6H«0  and  Na«CuT*0'*  6H>0,  which  are  the  same  as  the 
second  and  third  of  those  above  described,  but  with  larger  quantities  of  water,  FersOs 
having  analysed  them  in  the  air-dried  state. 

aodio-ferric  pyrophosphate,  Na«5^*P»0".7H*0  or  2Na;P»0'.I?«PH)« :  7H«0.  sepa- 
rates  in  the  pure  state  when  ferric  pyrophosphate,  after  being  washed  with  a  quantity 
of  sodic  pyrophosphate  not  suflBcient  to  dissolve  it,  is  heated  and  the  filtrate  mixed 
with  alcohol  (Fleitmann  and  Henneberg).  The  same  salt  is  obtained  in  solution 
when  pyrophosphate  of  sodium  is  added  to  a  ferric  solution  till  the  precipitate  at  first 
formed  is  redissolved.  The  double  salt  is  white  and  very  soluble  in  water.  The  solu 
tion  is  colourless,  and  does  not  taste  like  iron-salts  in  general.  Ammonia  colours  it 
blood-red,  but  does  not  render  it  turbid ;  sulphydric  acid  colours  it  brown  without 
forming  a  precipitate ;  sulphide  of  amraoiiium  precipitates  sulphide  of  iron  from  it  im- 
mediately according  to  H.  Rose,  gradually  according  to  Persoz.  The  solution  evapo- 
rated to  a  syrup  soon  deposits  ferric  pyrophosphate. 

Sodio  ferrous  pyrophosphate  is  known  only  in  solution,  as  obtained  by  mixing  a 
ferrous  salt  with  excess  of  sodic  pyrophoephate.  It  oxidises  quickly  on  exposure  to 
the  air,  and  the  iron  is  completely  precipitated  from  it  b^  sulphide  of  ammonium. 

Sodio-magne^  pyrophosphate  is  an  amorphous  precipitate  formed  on  dropping  sul- 
phate of  magnesium  into  a  boiling  solution  of  sodic  pyrophosphate.    (Baer.) 

SodUhammonio-manganous  pyrophosphate,  Ka(NH*}Mn''P*0'.3H'0    according  to 

Otto,  Na*(KH*)*Mn*P*0".12H«0  according  to  Berzelius,  is  formed,  on  pouring  a 
solution  of  manganous  chloride  mixed  with  ammonia  and  sal-ammoniac  into  a  warm 
solution  of  sodic  pyrophosphate,  as  a  white  amorphous  precipitate  which  soon  becomes 
c^stalline.  When  somewhat  strongly  heated,  it  gives  off  all  its  ammonia  and  leaves 
a  semifosed  mass  having  an  acid  reaction.     (Otto.) 

Sodio^umhic  pyrophosphate,  Na'PbT'O'.— .White  granular  insoluble  precipitate, 
formed  by  adding  sodic  pyrophosphate  to  nitrate  of  lead,  and  boiling  the  resulting  pre* 
dpitate  with  excess  of  the  sodium-salt  (Gerhardt).  The  salt  formed  on  slowly 
fAliiig  nitrate  of  lead  to  excess  of  sodic  pyrophosphate  till  the  precipitate  becomes  per- 
manent, also  contains  sodium  but  in  variable  quantity. 

Soduhpotassic  pyrophosphate.  Na*K^PK)'.  1 2H'0,  is  obtained  by  saturating  monoeodic 
pjiophosphate  with  potassic  carbonate.  The  solution  evaporated  to  a  syrup  solidifies 
on  cooling  to  a  pasty  mass,  consisting  of  transparent,  slender  needles,  having  the  form 
of  an  oblique  rhombic  prism.  The  salt  dissolves  easily  in  water,  forming  an  alkaline 
solution.     (Schwarzenberg.) 

8.  Respecting  Fleitmann  and  Henneberg's  phosphates  of  sodium,  Na*P*0"  or 
Ka*PO*.3NaP0»  and  Na'»P'»0»'  =  Na»P0*.9NaP0»,  see  pp.  637,  638. 

Pliosptiatea  of  Btrontlwn.  a.  Metaphosphate. — The  salt  prepared  by  dis- 
solving carbonate  of  strontium  in  phosphoric  acid,  and  heating  the  CTaporated  residue 
to  316°,  is  a  white  powder,  insoluble  in  water  and  in  dilute  adds,  decomposed  hj 
strong  snlphnrie  acid.  „ 

A  Orthophosphatcs.—Th.e  rfi-^/rtmiiV  #aW,Sr*H^PK)", obtained  by predpitation. 
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ii  B  whiu,  amorpbooB,  Uateleas  powder,  inaolnbU  in  pare  vater.  bat  solQble  is  vila 
coDtAinJDg  ammonmca]  B&lta  or  ^ee  ftdde  ;  ootdecompoMd  by  aqucoxu  alkklii.  Vba 
hMl«d  before  the  blowpipe  it  m^lt«  to  a  white  enKmel,  exhibiting  phos|>bon«oe«(K  A 
solution  of  chloride  of  8b!<0Dtiuin  incompleteljr  precipitated  in  the  cold  with  *a  aStaliu 
phonphate  fields,  according  to  Euhn,  a  mixture  of  distruotic  and  mouoctroatie  aita; 

Stron tiO'potCLBSie  orthophospkate,  Sr  KPC'*,  and  siron (io-*odie  ortkoplmmfkak, 
8r*NaP0',  are  formed,  aocording  to  Kuse,  by  ignition  1  at.  pyrophoephate  of  Btrontitxa 
with  1  at,  carbunate  of  potaasium  or  e-odium^and  washing  out  the  nuiM  with  wvter ,  \nA 
the  double  salti  are  for  the  moat  port  decomposed  bj  the  w&ter,  the  residoe  al«»ji 
containing  neutral  pboephate  of  Htrontium. 

y.  Pi/rophosphatf,  Br*PH)\WO  (at  100°).— Obtained  by  prwripifatioii  w  a  vbd^J 
•morphoM  powder,  which  gradunllj  becomefl  crystalline  when  warmed  in  tbeliqod.) 
It  is  nearly  insoluble  in  water,  quite  insoluble  in  acetic  acid,  but  eaaily  aohible  int^ 
■tronger aeida.  It  gives  off  its  water  when  heated  above  100°  (Schwarrenber^ 
The  precipitate  formed  on  gradually  adding  nitrate  of  strontinm  to  a  boilinff  nfattisa 
of  mKltc  py^upho^phale,  appeals  to  be  a  mixture  of  the  pore  atjootinm  Ml  «iUl 
double  salt.     (Baer.) 

>hoapliato*ta nta llo  Add.  A  solution  of  tantalic  acid  in  vnlphnnc  or  hjdn^ 
chloric  ncid  yields,  with  strong  uqneous  phosphoric  acid,  a  white,  opaque  jelly.  !»• 
talic  oxide  heated  with  phonphoric  oxide  forms  a  eoloorless  glass. 

Vboaphate  of  Teltnrlnin  is  a  white  powder,  insoluble  in  watar.     (Berielias) 

PhoBpbat«  of  Ttoamnm.     A  hot  solution  of  nitrate  of  thallium,  mixed  wiili 
excess  of  phosphoric  acid  and  tben  with  ammonia,  forms  a  rrrataibne  pr«rtputf, 
prubublj  cMDhixting  of  trtihaliic  phosphatr^  Tl'PO',  inasmuch  as.  when  boiled  with  ultnie  I 
of  silver,   it  yields  yellow  pboKphate  of  sUvpr,  without  reiidfring   the  aolutiuu  shl  ( 
1  pt.  of  this  suit  disjtolveii  iu  201-2  pts.  of  water  at  15°  and  to  U9  pta.  at  100^.    It 
IS  sparingly  soluble  in  acetic  acid,  butdiasolves  easily  in  nitric  acid.      When  heatet!  A  ' 
melts  to  a  brown  liquid,  which  beoomee  orange-yellow  on  cooling,  and  finally  solidiftc^l 
to  a  white  crystalline  mass  (Crookes,  Chem.  Soc  J.  zril  136  ;  Chcm.  News,  ix.  3Tul 
Xamy  ( Jahresb.  1862,  p.  186),  who  probably  obtained  an  acid  phosphate  of  «>**"■"??,  | 
states  that  it  is  soluble  in  water  and  crystailiaea  from  a  dilute  solution. 

Phoapbata  of  Thorlnnzn.     Floccnleot  crecipitate.  forming  a  white  poirderwb»«l 
dry,  insoluble  in  water  and  in  phosphoric  acid,  malting  with  difficulty  before  the  Uov 
pipe.     (BorseliuB.) 

PbospbaCes  of  Ttn.  Stannic  oxide  forms  with  excess  of  phoepborie  arid  a  ab 
coDtaiuinK  2.'^uOT*OM0U^O  (Haeffcly.  FkiL  Ma^.  [4]  x.  290).  Stannic  pboipliik 
is  insoluUe  in  nitric  acid,  a  property  on  which  u  founded  BeynoMi*!  method  of  | 
■sparating  phosphoric  acid  from  btiaea  (p.  644). 

Stannous  pho9phatf,  SSnO.P'O'  or  Su'P'O',  aocording  to  Kilhn,  is  formed  on  i  ^ 
•tannoos  chloride  with  ordinary  phosphate  of  sodium,  as  a  white  precipitate^  inaoloUs  I 
ID  water  ader  drying,  but  easily  soluble  in  mineral  acids,  and  melting  to  a  ritnon 
inasB  before  the  blowpipe.  According  to  Lens  sen  (Ann.  Ch.  Pharm-  exir.  Hi; 
Jahresb.  1860,  p.  183),  the  composition  of  the  precipitate  varies  with  the  praportioa 
in  which  the  solutions  are  mixed.  When  a  aoluu'on  of  disodic  orThcpbo»pbit«  * 
addulatcd  with  acetic  acid  is  added  to  a  large  excess  of  concentrated  folutiou  of  | 

BtannouB  chloride,  a  precipitate  is  formed  containing,  when  sir-dried,  Sn«P*0'.Sn"CP. 
2H.K),  and  not  decomposed  by  hot  water;  but  when  the  pho»rphate  of  eodiuzn  is  in 

excess,  the  air-dried  precipitate  contains  Sn*P^0'.S'n='H'P"0*.3H*0,  This  salt  remaioi 
unaltered  nt  100*^,  but  is  decompoaed  at  a  red  heat,  yielding  metallic  tin,  ituxue 
oxide,  and  phosphoric  acid 

Pboapbata  or  Tltanlnm.  Tetrachloride  of  titanium  forms  with  pboaphorie 
Bcid  a  white,  bulky,  flocculent  precipitate,  which  dries  up  to  a  gummy  shining  buu^ 
insoluble  in  water,  but  solable  in  exceaa  either  of  phosphoric  acid  or  of  ttlabe 
chloride. 

Pboapbatea  of  Vraolmn*  a.  Uranic  OrtAopkoMpkate*. — The  oompowtioa 
of  these  phDHphLites,  as  of  other  ura»ic  salts,  is  most  easily  represented  by  regazduBg 
them  as  containing  the  diatomic  mdicle  uranyl,  U'O'.     (See  UBAXXtnc.) 

The  monnurant/lir  talt,  (U*0^)"H*PK)*.3fl*0,  is  obtained  by  digesting  uranic  oxids 
with  phofiphoric  acid  and  boiling  thi?  mass  with  water.  The  yellow  Hqnid  tfa» 
obtained  yields,  by  evaporation  over  sulphnric  add,  lemon-yellow  cryvtalA,  which  girs 
off  part  of  their  water  at  a  gentle  heat,  becoming  dull  and  light-y«>now ;  the  •««(  of 
the  water  goes  off  at  a  red  heat^  and  the  remaining  dry  salt  doea  not  melt  tfrtn  whso 
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Terv  strongljr  heat«d.  Water,  especiaUy  ii  liot,  sbetnftA  part  of  the  phoipborio 
•cii 

The  di'Uranj/fic  saU,  (U'0')*H'P*0*  is  obtained  in  cotnbioAtion  with  varioua 
qitantities  of  imter  according  to  the  mode  of  preparation  adopted.  When  uranic  oxtd« 
is  digMted  with  n  autficieot  quantity  of  phosphoric  acid»  and  the  prodnct  washed  with 
water,  a  tri-hydrate,  ^U'0'/H"P^*.3H*0,  remains  an  a  light  yellow  amorpboua 
powder,  which  gives  off  ila  water  of  crystallisation  between  120*^  aud  170°  »nd  the 
Daaic  wnt^-r  nt  a  rod  heat,  leaving  the  pyropbu«{jhnt«  (U*0*j'F^O'.  A  hexhydrate, 
(U*0*)*H'F'0*.6H'0,  is  obtained  by  precipiiuting  nninic  nitrate  with  ordinnry 
phosphate  of  wjdiuni.  Th«  prtcipitat^,  after  washing  and  dr^in^,  ia  a  light  yellow 
•lightly  crystfdline  powder,  which  gives  off  its  WEtf>r  of  crystallimtiou  at  120^,  tho 
basic  water  at  a  red  beat.  The  octobydrate,  (U*0«)''H'PK)».8H'0,  is  obtuined  b^ 
adding  phouphoric  add  to  oranic  acetate  as  long  u  a  predoitate  forms.  This  precipi- 
tate, when  washed,  is  crystalline,  and  somewhat  dork^r^coloared  than  tho  trihydrat* 
It  giveb  off  2  St  watef  at  60^^,  and  then  exhibits  all  the  properties  of  the  heahydrate. 

The  tri-uranylic  gait,  or  neutral  uranic  pMotphatf,  3U»0".P*0* or  (tf*0')'PK)»,  baa 
not  been  obtained  in  the  pure  state.  The  light  yellow  precipitate  formed  on  mixing 
nranic  nitrate  with  an  equivalent  quantity  of  triycMlic  pnoNphate  appears  to  coninst  of 
fiU»0".HK>.2P»0*  +  aq.  or  (U»0»)"P»0».{UK)»yH«P'O.H»().  When  a  larger  qunntity 
of  trisodic  phosphate  is  added,  but  not  sufficient  to  redissolre  the  pre<ripitatc,  a  double 

•alt  is  formed  containing  ^J^'j  2PH)*.3H'0  or  (U*0«)T«0».(U=0»)^Nan^0».3H«0. 

This  salt  is  a  dark  yellow  coherent  powder,  insoluble  in  wat«r,  decomposed  by  acetto 
add,  which  dissolves  oat  soda  and  nmnic  oxide.  (Wert her,  Ann.  Cb.  Pluirm. 
bcviii.  312.) 

CalHo-uranie  Phosphaie,^^j^^V^-O^.SWO  or  (0»O«)'Ca'P»O».8H*O.— This  com- 
pound occurs  native  as  uranite  (also  called  Umf  vranitf  and  uranium  mica)  in  di- 
tii«tric  crjatals,  baring  the  principal  axis  »  2115;  P  :  P  (terminal)  =  05°,  46'; 
P  :  P  (basal)  =  143°  2'.  Oniinary  combination,  oP  .  P .  oeP,  the  face  oP  being 
mostly  predominant,  and  giving  the  CTystaU  a  tabular  form.  Cleavsge  perfect 
parallel  to  oP,  Hardness  =  2  to  2-5.  Specifle  gravity  •=  3-05  to  319.  Coloor 
citron  to  sulphur-yellow.  Lustre  of  oP  pearly,  of  other  faces  enbadamantine.  Trans- 
parent to  flubtfonslueent.  Fracture  not  observable.  Sectile.  Larainse  brittle  and 
rot  j9exible.  BafoTe  the  blowpipe  it  melts  to  a  blackish  semi-cryBtalline  mass. 
Dissolves  with  yellow  colour  in  nitric  acid. 

The  flnit  of  the  following  analyses  is  of  uranite  fh>m  Autun  by  Bercelius  (Pogg. 
Ann.  i.  374);  the  second  by  Werther  (/or.  ci/,). 

F0»         U'0>        Ca"0      Ba'O Mg'O and Mn^O KK)    8nO« 

1&20        6173        6-68         1'57  0*20  ld'48    0'06     »     10012 

14-00         63-28         5-86         1*03  .  .  14-30       .  .      »       98-47 

The  formula  above  given  requires  16-66  PK)*,  62*66  tPO*,  6'13  CvTO,  and   16-76 

water. 
Umnite occoth  in  the Siebengebirge ;  at  Johangeorgenstadt and Eibenatock in  Saxony; 

on  Wolf  Island,  Lake  Onegn,   Russia;  near  Limoges  and  at  St.  Symphorien    near 

Autun;  also  at  Chesterfield^  Maesachnsetta ;  Ackworth,  New  Hampshire;  and  on  the 

8chnykeU  near  Philadelphia. 

Cuprico'wanic  Photpkaic,  ^q  fp»0*.BH«0  or  (6'0')«Cu'P«0«.8H'0.— This  com- 
pound occurs  native  as  chalcolite  (also  called  eopptr-uranite  and  turfttrttt\  a 
mineral  isomorphous  with  tiranite.  Hardoets  ••  2*26.  Specific  gravity  35  to  3*6. 
Colour  emerald  and  other  shades  of  green.  Streak  somewhat  paler.  The  other 
physical  properties  are  like  those  of  uranit«.  Before  the  blowpipe  it  melts  to  a  black 
mass,  colouring  the  fljuno  bluish-green.  Gives  with  bimtx  a  green  gliiss,  soroetimea 
beooming  reddish-brown  in  the  reduction -flame.  Oissolves  in  nitric  acid  with 
yellowish-green  colour. 

Analyses  of  cbalcoUtts  &om  Oimwall : 

P«K)«         U^O*        Cu"©        H»0 

lfi-57         61-39         8-44         1606     ==    lrtiJ-45  BerreUns. 

14-34        6903        8-27         16-39     «     9703  Werther. 
The  formula  requires  1516  PO*  fllOO  IPO",  848  Cu'O.  and  Ifl  30  water. 

ChalcLfllte  is  found  at  Ounais  Lake  near  Callington,  also  near  liedruth,  and  elsewhere 
in  Cornwall;  at  JobAQgeorgenstadt,  Eibenatock,  and  Schne«berg  in  Saxony;  at 
Joachimsthol  and  Zlnnwald  in  Bohemia  \  and  at  Vielsalm  in  Belgium. 
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I)«brik7  (Jahresb.  1860,  p.  73)  haj  obtained  cryntalB  having  the  form  otl  cua^ 
•Ition  of  clulcoiit^,  bj  mixing  a  solutioxi  of  acid  cupric  phosphate  with  armnu  ttiteiu. 

0.  Vranoua  Orthnphonphatr,  TrHPO*.HK).— Ordinary  phosphate  of  M^ta 
ftdd<»d  bj  drops  to  iiranoiw  chloride  forma  a  green  gelitinous  precipitate,  inwhbU  ia 
vatftr.  When  rwsently  preoipitntcd  it  difinolves  in  atronjf  hydrochloric  add.  and  ii 
r^parated  tberpfrom  by  water ;  after  drying  it  no  longer  dissol7»a  in  amda.  AnnnaB* 
)ia»  wrarcoly  any  action  apoo  it;  melting  potaab  withdrawa  alxao«t  all  the  phoapbocu 
oxide. 

y.  Uranie  Pf/ropkosphate\Bmiin\a:r  when  recently  prec3pilat«d,  bat  obi 
together  if  left  on  the  filter  for  a  few  da^ri,  formiag  a  T«iy  friable  maae  vith  '^^^'^T^ri 
ftiictare. 

Sodio-uranic  Pyrophosphate. — Prrcipitated  umnic  pyropboaphatediaaDlrvii 
exoees  of  nodic  pyrophofrpbate,  forming  a  yellow  eolation,  which  yielda  no  oyrtdiffiM; 
wh^n  evuporati^  to  a  8ynip  :  the  nranium  ii  not  precipitated  from  it  either  by  folpb^ 
dric  add  ur  by  lulphidc  of  ammonimn. 

Vboapbates  of  Vanadium.  Vanadic  dioxide  diittwlTea  in  aqneoiu  pho^hone 
mnil,  fonning  a  bine  tolutiun,  which  when  eruponted  at  temperatuft*  below  ^0^  ji«U» 
amall  blue  (Udiqueec^Dt  cryittulji,  easily  eolable  in  water,  innoluble  in  alcohol  Wkm 
heatod  they  giro  off  water,  leariiig  a  iooae  epongy  naM  reaemUinjar  burnt  aloa,  »ai 
ciduiig  together  at  a  white  heat  to  a  black  sabstaoce  no  longer  soluble  in  water- 

Phnsphato-vanadic  acid. — Vamidip  anhydride  (trioxide)  diaaolres  in  aqueous 
phone  ncid,  forming  a  red  aolution,  which  when  ernporated  iearea  a  red  d  " 
Bnline  mRM.  Vnnadic  phoAphato  heut^  with  a  sufficient  quantity  of  nitric 
n  n-d  wlntion,  which  deposits  on  eTA(xirati<.n  a  lemon-yellow  cxyatalline  crost,  colaUi 
wrth  jf'llow  colour  in  water.  The  cryatals  when  heated  gire  off  water  and  tan 
light  yellow.  A  solution  of  vanadic  pho&phiite  and  sodic  ph<wpbafe  in  nitric  aod 
bevximee  colourless  when  craporutcd,  and  deposits  yellow  crystJmine  grains  wUdt 
diaaoWe  slowly  in  water,  forming  a  yellow  aolution  which  dries  np  on  eraporatioD 
yellow  TamiBh-Uke  mtias. 

A  compound  of  phosphoric,  Tanadic^  and  silicic  anhydrides  containing,  aceoidiag 
Bo^^eliu^  3SiO».2VaO».'2P«0'.6H*0,  was  obtained  from  the  refinery  slag  of  the  Tafai 
iron  works.     It  may  be  produced  by  dissolving  silicate,  ranadat^-.  and  pfaospbats 
sodium  in  nitric  acid,  evaporating  to  a  pulp,  and  wsubing  with  cold  water.     It  tkra 
remains  in  nacreous  scales,  which  when  heated   give  off  water  and  acquire  a  stnv- 
yellow  colour.     It  is  easily  soluble  in  water,  whence  it  crrstaUisea  unaltered  on  enpo 
ration.     The  solution  ia  coloured  green  by  nitric  peroxiae  and  other  ne<iacing  a^aal^ 
and  yielrhi  with  carbouatt:  of  ammonium  a  precipitate  of  gelatinous  ailica. 

Phoapbate  of  TttHom.  V»>«0«,ftH'0  -  3Y*'O.PO*.6H*0.— Pisodicorthopboi. 
pbate  added  to  the  solution  of  an  yttriom-Bttlt  throws  down  an  ainorphoul  pw 
cipitHte,  which  by  prolonged  washing  with  water  is  rf?solTed  into  a  soluble  acid  salt, 
and  an  insoluble  neutral  salt  having  the  composition  just  given.  (Popp,  Jahre»b. 
xvii.  204.) 

Trt-yttric  phosphate  likewise  occura,  together  with  cerooa  phosphate,  as  xeaotine. 
in  diinetric  orj-stak  P  .  ooP,  having  the  princinul  axis  =  06201  ;  nuiile  P  ;  P  (tani- 
niil)  =  124°  26' ;  P  :  P  (baaal)  =  82°  30*.  Cleavage  perfect,  parallel  to  aoP.  Hsid- 
ness  =  4  to  6.  Specific  gravity  —  4"39  to  465.  Lustre  resiuons.  Coluur  yellovi^ 
brown  to  flesh-redl  Streak  paler.  Opaque.  Fracture  uneven  and  fiplint«ry.  U  ii 
infosible  before  the  blowpipe;  with  borax  it  olowly  forms  a  dear  glaas,  which,  wrt^a 
larger  quantity  of  the  mineral,  becomes  turbid  oo  cooling;  in  microcosmio  sail  it 
dissolves  very  slowly.     It  ia  iuMluble  even  in  strong  acids. 

AnaJjt/sfs.^-a.  From  the  Flekke^ord  in  Norway:  specifio  gravity  4*567  (Berielia^ 
Pogg.  Ann.  iii.  203). — A.  From  the  same  locality;  specific  gravity  4-45  (Zschaw, 
EftmmHsber^t  Mmeraichmtu;  p.  321). — c.  From  the  Rold-waahings  at  Clarkfrill^ 
Georgia:  specific  gravity  e  4-54  (Smith,  SilL  Am.  J.  xviii.  377): 

FO»  Y"0  Ce^O         Fe»0«       8iO« 

a.  33*49*         62-58  .      .  8*03  .    .      -*      100 

b.  3074  60  25  798  .  .  .    .       =        9897 

c.  3245  5413         llOSf         206         089     =>      100-56 
Cmtflnauditr^  occurring  in  crystals  (apparently  dimetric)  and  gmins,  in  the  dismond 

sand  of  Buhia.  consists  mainly  of  phoapnate  of  yttrium.  Damour  ilnatituL  xxi.  78) 
found  in  h  sample  having  a  cpecific  gravity  of  4*39,  31-64  par  oonL  P*0*,  0040  yttri*, 
7'4  titanic  oxide  and  xirconia,  1*2  urauic  and  ferric  oxides. 


whia 
ID  to  a  J 


( 


I 


*  Witb  Crace  ot  fluorine. 


t  With  lutbaatun  ua  (UdymJuv, 


PHOSPHATES  OF  ZINC—ZIRCONIUM. 


587 


Vhoftphates  of  Une,  a.  Mctapho»phatea. — When  a  zioc-salt  is  tr«at«d  with 
phosphoric  acid  in  the  samn  manner  as  for  the  prvparatioD  of  ouprio  di-mftApho8phali> 
(p.  560X  tho  mass  on  slow  cooling  jrields  uidi»tinct  cryBtAla  of  ziDC-dimeUpbos^uite, 

Zn'P*0".  It  ii  initoluble  in  ▼iter,  and  is  not  decomposed  by  dilate  aqneoiu  acids  or 
ftlkalis,  or  by  sulphide  of  ammonium.  When  treated  with  itrong  ffulphuric  acid  or 
fo^d  with  an  alkaline  carbonate',  it  yields  onhophosphoric  acid. 

A  mixture  of  nqneoai  zinc-chlonde  and  ammonium-dime taphoRphat«  yiMds  the 
h^dnted  salt  Zn'P'O '.8H'0  in  smftll  transparent  oiyKtaU,  insoloule  in  wut4>r,  bat 
decompose  by  boiling  therewith.  The  water  of  crystalUaation  is  not  completely 
exptrlled  below  a  red  beat,  and  the  salt  does  not  melt  even  at  a  bright  red  heat.  The 
constitution  of  the  salt  does  not  appear  to  be  altered  by  beating.     (Fleitmann.) 

A  Orthophosphatta. — The  wmoffincic  or  acid  phtftphatt  ia  formed  by  dissolring 
zinc,  or  th(^  cHrbonate  or  phosphate  of  zinc  in  excei>«  of  phosphoric  acid  and  craporatiiiB. 
It  is  a  gummy  muss  which  melt«  in  the  fire  to  a  tnuisoarent  glass.  When  a  smiui 
quantity  of  lUkali  ia  added  to  its  aqueous  solutioo,  tiie  neutral  aalt  is  deposited. 
(Wenzel) 

The  rftfiBOC  aalt,  '^^^\  P*0».2H«0  or2Sn^'P«0'.2H«0,  ia  depomted  in  ahinin^j 

laminae  on  mixing  a  solution  of  3  pts.  of  eino-sulphate  in  32  pts.  of  hot  wat4*r,  with  a 
solution  of  4  pta.  of  crystallised  disodic  orthopbotipbate  in  32  pts.  of  hot  water.  The 
crystals  do  not  lose  water  at  100°;  but  at  a  tempfmture  below  the  melting  point  of  tin 
they  give  ofr2  at  water,  retaining  their  lustre;  ats  red  heat  the  dehydrated  salt  fUses 
and  givrti  ofFit*  basic  water.     (Graham.) 

The  trisincic  or  neutral  mU,  3ZuO.I«0».2H*0  or  Zn»P«0«.2H»0.  is  preeipiUted  on 
mixine  a  solution  of  a  zinc-aolt  with  disodic  orthopho^hute,  the  sapematant  liquid 
becoming  acid.  When  the  gelations  are  dilute  and  mixed  in  the  cold,  a  translucent 
jelly  ia  at  first  produced;  this,  however,  soon  becomes  opaque,  and  aggregates  into  a 
flne  white  cryitnlline  powder.  If  tho  solutions  are  mix«d  boiling  hot,  no  joUy  is 
produced,  but  the  pulverulent  precipitate  is  formed  at  once  and  has  the  same  composi- 
tion. The  same  compound  is  doubtless  formed  on  digesting  carbonate  of  xinc  with 
aqueoufl  phosphoric  acid  not  in  excesa.  It  is  a  white,  crystalline,  tastelf^ss  powder 
whieh  mpltH  easily,  forming  a  transparent  and  colourlrss  glass.  It  is  insoluble  in 
wiiter,  Bolubln  in  acids,  likewise  in  ammoDia  and  in  carbonate,  sulphate,  chloride  and 
nitrate  of  ammonium — in  the  last  three,  however,  with  slight  turbiuitr. 

The  same  aalt  with  6  at.  water  sepamtes  in  large  flat  prisms  ana  lamins  when  a 
solution  of  the  acid  xincsalt  is  mixea  with  absolute  alcohoL    (Heynoso.) 

Phvaphatf  of  Zinc  and  Ammcmium. — Wlien  a  solalion  of  sulphate  or  chloride  of  zinc 
is  precipitated  with  phosphate  of  ammonium  containing  free  ummonia,  a  white,  buUcy, 
flocculeut  precipitate  is  formed  whicli,  when  digested  io  the  liquid,  becomes  crystalline 
after  the  free  ammonia  has  escaped.  The  dry  salt  is  a  white  powder,  insoluble  in 
water,  but  soluble  in  acids  and  in  free  potash,  sodit,  or  ammonia.  Its  composition 
appears  to  be  intermediate  between  Zn*(NH*)''PK)*  2H«0  and  Zn*(NH*)'PW.Zo"H'0«. 
2H'0.     (Be!  te,  Ann,  Ch.  Phann.  xv.  129.) 

y.  Pyrophosphate  of  Zinc  is  formed  by  precipitating  a  sine-salt  with  pyro- 
phosphate of  sodium.  The  precipitate  is  decomposed  by  boiling  with  ordinarr  phos- 
phate of  sodium,  yielding  ordinary  ortfaopbosphate  of  zinc  and  pyrophosphate  of 
-  sodium  (Stromeyer).  Tho  8.011  precipitated  as  above  forms  a  wnite  bulky  mass, 
which  in  diying  shrinks  up  like  byiirute  uf  aluminium.  If  it  be  su.tpended  in  water, 
and  BulphuroQS  acid  gas  passed  through  the  liquid,  the  whole  dissolves,  and  the  solo* 
fiun,  when  boiled,  yields  the  salt  in  the  furm  of  a  heavy,  white,  beautifully  cryatallioe 
powdor  consisting  of  2Zn*I"0'.3H*0.  Both  the  amorphous  and  the  crystalline  salt 
dissolvp^  in  ncids  and  in  caustic  potash ;  ammonia  lixewisd  diasolves  the  salt,  and 
ali-obol  added  to  the  solution  throws  down  a  s\Tupy  man.     (Sohwnrzonberg.) 

Zifico-ammonic  pifrophcsphtte  is  obtained  ue  a  white  pulverulent  precipitate,  on 
adding  pyTDpho!>pbate  of  sodium  to  a  solution  of  zinc-chloride  mixed  with  ammonia  and 
sdl-ammoniuc.     (B  et  t  e.) 

Yliospbate  of  Xlrconlom,  SZrOM^O*  or  (Zr''0)"PO*.  is  precipitated  on  mixing 
a  aoluble  xireonium-salt  with  free  phosphoric  acid  or  an  alkaline  phosphate;  in  the 
former  case  part  of  the  salt  remains  in  solution,  but  may  be  precipitated  on  addition  of 
ammonia.  The  precipitate  is  a  gummy,  translucent  mass,  like  hydrate  of  Klurainium, 
remaiDin^  translucent  whec  diy.  It  is  Inioluble  in  water,  somewhat  soluble  in  free 
phosphoric  acid* 
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Alcohatic  PAosjtAatet :    Pkospkoric  EtAer^ 

Kftch  of  the  thiw*  bydrogeo -atoms  in  orthophovphorie  acid  may  he  replaced  hy  ti»' 
bol  rHdicle*,  givisg  rise  t/i  acid  luid  neutnd  i^th^rs  analogona  to  the  metallic  phoaplalM, 
There  an  uUo  aeTeral  salphophosphoric  ethers,  having  the  ootnposition  of  oitlkiflfLc*- 
pkoric  ethpn,  id  which  the  nxyt^^a  is  more  or  lew  replaced  by  ealphur.  A  anOqi 
pjrophosphatH  of  etiijl  ia  also  knovn,  but  no  metaphoaphoric  ethera  hav«  JH  \ta 
obtained,  in  eoDneetioQ  vith  ihecie  alcoholic  plioffpfaat«8  may  aljK>  be  meotiooed  a 
acid  couaiatiog  of  pbottphoric  acid  ia  whicli  the  hydrogea  i«  partly  repUeid  bj 
acetyl. 

Vlioaptiates  of  iLmyl  ur  Amj^l-ptioapliorto  Btlienu  Two  of  theae  Od*- 
pounda  ore  knowtu  viz.  mooo-  nnd  di-amylphoaphoiic  add  i  the  Dtjutral  dba  hm 
not  been  obtained. 

1.  Ami/lpkotphoric    acid,     CH'"PO*    -    (OH")H»PO«     -     (COXjlo*. 

(Onthrie,  Chem.  Sot*.  Qu.  J.  ix.  134.) — This  ether  ia  prepared  by  mixing  nqaj 
weights  of  sympy  pboepbonc  acid  and  amylic  alcohol,  leaving  the  mixture  in  a  «w 
place  for  &  day,  neuLntUiiing  with  carboDate  of  potaasiura,  erapumtin^:  over  the  water' 
bath  to  dryneas,  disaolviug  in  strong  alcohol,  and  erapomting  rFpertt<Hlly  (whereby  dw 
putaa»iQm-aalt  ia  obtained),  then  predpitutiiig  hj  ucetate  of  lead,  filt«>rin^  and  waahiag 
(wher»?by  the  lead-salt  is  obtainodX  predpitating  the  lead  by  Bulpbydric  acid,  thcs 
filleriiig,  and  evapumting  in  vacuo. 

It  in  a  colourlcM,  tmnHparent,  cryRtalline,  deliqueaoent  masa,  easily  voluble  in 
and  in  alcuhol,  but  iasolublo  in  ether.     It  bears  the  beat  uf  a  water-balh  withoat 
oompoHitiun.     When  heated  in  the  flame  of  a  lump  it  burm    with    a   white 
leaving  a  residue  of  phosphoric  acid.     It  is  a  strong  acid,  and  decompoaea  carboaatoi 

The  amvlphoBphtttes,  C*U"M*FO\  are  all  anhydrous  at   100°:   those  ciiht 
alkali- metals  are  soluble  in  water ;  the  rest  are  insoluble  or  sparingly  soluble,  aod  Btj 
l>«   prepared   from   the  potass iuro-salt  by  donbl**  decomposition.      They    all  diaulvs 
readily  in  nitric  or  bydrocldoric  acid,  and  bear  the  beat  of  the  water-bath 
dt-coiii  position. 

The  potoMium'Sa/t,  0'n"K'PO*,  prepared  as  above,  is  tanacioua,  finely 
tmnslueont,  and  deliqnesceat ;  yields  amyl-alcohol  when  heated  in  a  tube.  A  aolatm 
of  this  salt  ttubjeotrd  to  electrolrsis  yields  at  the  puaitive  pole,  carbouic  aJihydride  aad 
oxygfin,  and  an  acid  liquid  smelling  of  vnlcric  or  butyric  acid.  wUiIh  the  liquid  at  th« 
ne^stive  pole  ^ves  off  hydnigen,  but  remains  odoorlesa,  ahowiug  that  do  amji- 
componud  is  there  eliminatiHi. 

The  ammonium-tttdt,  C*H"(>'K*)*PO',  obtained  bj'  direct  neotraliiation,  or  by  de- 
oompnsiog  the  copper*  or  lead-salt  with  sulphid*  of  ammonium,  raaamblca  the 
potaraium-salt. 

The  barium-saU,  C'H'*BaTO*,  ia  precipitated  in  white   scalee  haring  a  liliy 
lustre, 
r      The  Uad-sali,  C»H"Ph"PCM.  dried  at  lOO**,  is  a  bulky  white  anhydrous  powder. 

The  oopptr-salt^  C*H*'Cu"PO*,  ia  almost  white  when  first  precip}tat«d,  butgradoaSy 
turns  bluish,  and  in  the  dry  state  forms  a  light  blue  amorphous  powder. 

Th«  tiiver-gaU.  C*H"Ag'PO*,  is  a  white  bulky  precipitate,  which  toma  grey  on  a- 
posure  to  light,  and  is  deccmpos'^d  by  long  boiling  with  water,  yielding  metallic  silrer. 

When  heated  on  platinum -foil,  it  tonut  yellow  and  learea  pyrophoAphate  of  silrer. 

(POT) 

2.  Diamyl-phospkorio    aeid,    C'»H"PO*   -   (C*H")«HPO*   -    (0*H"f  VC. 

H      ) 
(Fehling,  Handw.  d.  Chem.  i.  793.) — This  compound  is  prepared  by  adding  1  U. 
pfutarkloride  of  phosphorus  rery  gradually   to  1|  or  2  pCs.  of  amylic  alcohol,  rus 
of  temperature  buing  checked.     The  product    is    heated    in    a    relnrt    to    expd  tits 
siinultaneously  formed  chloride  of  amyl  and  hydrochloric  acid,  then  thrown  into  i    " 
snturHtod  with  carbonate  of  sudium,  and  nhakm  with  etlier;   the  ethere^   solntu 
amylic  alcohul  is  removed,  and  the  diamyl-pbosphoric  acid  isolated  by  addxog  h; 
ctdoric  Hcid.     The  acid  60  farmed  contaius  two  additional  *>«TT'a  of  watxTf  which  are 
removed  by  drying  over  sulphuric  acid  in  vacuo. 

Diamylphosphoric  acid  ia  an  oily  hVjnid  of  specific  gravity  l-OSC  at  20°,  but  floatio; 
in  hut  water.  It  is  nearly  inodorous,  but  has  a  strong  acid  tactic.  It  is  nearly  ian^ 
Inble  in  water,  hut  dissolves  caflily  in  alcohol  and  ether.  It  is  permanent  at  onliwrr 
ti'niperHtupcjf,  but  dpcomfH)&es  when  dintillftd,  yielding  amylic  alcohol.  When  boiW 
with  Wiit'T  it  also  ^ielda  amylic  alcohol,  and  the  reaidual  liquid  probably  contaim 
mono-amylphosphonc  acid. 
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Diamylpliosplioric  acid  is  a  strong  acid,  and  saturates  bases  completely.  The 
diamylphosphates.  (C»H")«MPO*  and  (C*H")*M''PK)",  are  all  anhydrous,  and  are 
decomposed  by  boiling  with  water,  giving  off  amyl-alcobol,  and  apparently  being  con- 
verted into  moDO-amylphosphates.  The  di-amylphoephates  of  tiie  alkali-metiue  are 
vary  soluble  in  water,  and  remain  as  nneiystallisable  unctuons  masses  when  their 
■olations  are  eraporated ;  those  of  the  alkaline  earth-xnetals  are  but  slightly  aolnble  in 
water,  more  soluble  in  slcohol.  The  aqueous  Boludons  give  precripitates  with  plumbic^ 
eupric,  maneanous,  mercurous  salts,  &c.  The  following  salts  have  been  examined  by 
Harx  and  Lemppenao. 

The  baritm-Bolt,  (0*H"VBaT*0*  obtained  by  digesting  the  aqueous  acid  with 
carbonate  of  barium,  and  evaporating  in  vacuo  or  at  a  gentle  heat,  forms  silky,  asbestos* 
like  massee  of  ciyatals. — The  caleium-sa/i,  prepared  in  like  manner,  is  also  crystalline. 
—The  copper-siut  is  a  c^'eenish-blue  precipitate,  soft  and  unctuous  when  dried. — ^The 
ferric  salty  (C*fl")*Fe  P*0'*,  obtained  by  precipitation,  is  a  whitish  powder,  insoluble 
in  water  and  in  alcohoL— The  lead-salt,  (C*H.")*Pb''P*0',  obtained  by  precipitating 
the  ammoniam-salt  with  acetate  of  lead,  is  a  loosely  coherent,  curdy  precipitate, 
insoluble  in  water  and  in  alcohol.  By  precipitating  with  excess  of  lead-acetate,  a  dense 
pnlTemlent  precipitate  is  formed  consisting  of  a  basic  salt,  (C»H'")*Pb''P»0*.Pb'^*0'. 
— The  mercurous  salt  obtained  by  precipitation  appears  to  decompose  in  drying,  and 

then  forms  a  grey  powder.       ^    

tbe  formed— 1.. By  heating* 
r  95  per  cent,  in  a  sealed  tube 
aqueous  carbonate  of  sodium,  ft 
mobile  liquid  separates,  having  an  ethereal  odour. — 2.  By  heating  diamylphosphate  of 
nlver  with  iodide  of  ethyl  to  100°. 

Triamvlie  Phosphate  or  Neutral  Phosphate  of  Amyl,  (C»H")TO*,  has 
not  been  obtained  pure,  but  appears  to  be  formed  by  heating  diargentic  amylphos^iAtiO 
with  chloride  of  amyl  to  180^  in  a  sealed  tube : 

C»H»AgTO«  +   2C»H"a     -     2Aga  +  (C»H")»PO«. 

On  treating  the  product  with  alcohol  and  mixing  the  decanted  solution  with  water,  an 
ethereal  liquid  separates,  having  an  odour  quite  different  from  that  of  amylic  alcoboL 
(Guthrie.) 

atbylle  Vhospbateo.  Sthjlphoaphorlo  Btbers.  Fonr  of  these  compnnnda 
are  known,  namely,  the  three  orthophosphates  of  ethyl  and  the  neutral  pyrophosphate; 
ftlso  several  sulphophosphates. 

Ethtlpbospbokio  Acid,  also   called   Phosphfthylia  or  Phnaphotinic   acid^ 
{POT) 
CHTH)*  -  (C*H»)H«PO«   -  C*H»  >0».— This  compound  was  discovered  by  Las- 

H«  ) 
eaigne  in  1820  (Ann.  Ch.  Phys.  [2]  xiil  294),  and  has  been  furtber  examined  by 
Pelouse  (t^.,  Ui.  37),  Liebig  (Ann.  Gh.  Pharm.  vi.  149),  and  Church  (Proc. 
Boy.  Soc.  xiii.  520).  It  is  produced  by  the  action  of  phosphoric  add  on  alcohol  or 
ether,  the  latter  reaction  being  however  slower  than  the  former;  also  by  the  action  oi 
phosphoric  oxychloride  on  aqueous  alcohoL     (Schiff.) 

Preparation.— \  pt.  of  96  per  cent  alcohol  is  mixed  with  1  pt.  of  syrupy  orthophos- 
phoric  or  pyrophosphoric  acid,  the  mixture  heated  for  some  minutes  to  60°  or  80°, 
diluted  after  24  hours  with  eight  times  its  bulk  of  water,  and  neutralised  with  finely 
pulverised  carl^onate  of  barium.  The  whole  is  boiled  for  a  while  to  drive  off  the  uncom- 
bined  alcohol,  then  left  to  cool  down  to  70°,  filtered,  and  the  filtrate  left  in  a  cold 
place  that  the  ethylphosphate  of  barium  mav  crystallise  out.  From  the  aqueous  solu- 
tion of  this  salt  the  acid  may  be  obtained  by  carefully  adding  sulphuric  acid  and 
filtering;  it  may  also  be  obt&ined  by  decomposing  the  lead-salt  witb  sulphydric  acid  and 
filtering.  Either  of  these  filtrates  evaporated,  first  over  the  open  fire,  and  then  over 
oil  of  vitriol  in  vacuo  at  ordinary  temperatures,  leaves  the  concentrated  acid  in  the  form 
of  an  oil,  which  neither  dries  up  nor  decomposes  when  left  for  a  longer  time  in  vacuo. 
(Pelouse.) 

The  concentrated  acid  is  a  colourless,  inodorous,  viscid  oil,  which  reddens  litmus 
•tronglv,  and  has  a  biting  sour  taste.  It  deposit*  a  few  shining  crystals  of  the  add, 
which,  nowever,  do  not  increase  at  22°.  When  boiled,  it  first  gives  off  ether  mixed  with 
alcohol,  then  ethylene  gas  with  a  trace  of  wine-oil,  and  leaves  phosphoric  add  mixed 
witb  charcoal  (Pelouse).  When  distilled  with  acetate  of  potassium,  it  yields  pure 
ftcetic  ether.     (Liebig,  Ann.  Ch.  Pharm.  xiii.  32.) 

The  acid  mixes  with  water  in  all  proportions,  and  may  be  concentrated  by  boiling  up 
to  a  certain  point  without  decomposition  (Feloaze).  It  likewise  mixes  in  all  propor- 
tions with  alcohol  and  ether. 
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EthylpfaoapliAlee,  CHI'M'PO*^— These  MlUara  all  more  orl«M  MlnUetB«ttic 
and  orTsUllimMe.    Tho  lead-Mlt  is  the  lenst  solablo.  Mo«t  of  tbem  hsr*  ft 
dr.me  of  •olnbilitj^  at  about  4() — 60*^. 

The  ammoniumsait  is  «wUy  prepared  by  satamting  th*»  acid  with  arnmonia. 
a<{ueoua  Mlulioo  becomes  add  on  erapontion,  hut  the  salt  may  be  obt^ned  in  t 
crystttHine  form  by  evaporation  in  raruo  over  oil  of  vitrioL      When  carefully  bei 
an  oil-hath  it  g:ife«  off  ammonia  a«  veil  as  water,  bat  appears  to  yield  ^hyT 
mic  acid,  amoaK  other  producta.  ^ 

Arteniota  ftht/iphMphatr,  {CH')'A»«PH)'».  is  obtainfd  in  beautiful  feathery  aj». 
toU  by  dinolving  arseniouH  anhydride  in  the  boiling  aqaeona  acid  and  erapOTatii^; 
alao  by  warming  a  mixture  of  ar^cnious  chloride  ana  an  equivaient  quantity  of  aa^ 
droos  ethyl phoephate  of  lend  (or  silrer).  pxhaustixig  the  maas  with  warm  watw,  oA 
evaporating  the  flltnite.  This  latter  method,  however,  in  not  so  good  as  the  ktmm. 
as  the  salt  ia  sbwly  decomposed  by  water  into  arseniooa  anhydride  axid  ethylphospbonc 
acid.     rCburch.) 

KthtftphogphaU  of  SariutH,  (C*H*)Bb'PO*  6H*0,  prepared  ae  aV»ove.  forma  oobarita. 
very  ithurt,  right  rhombic  prifims,  pajsing  into  nix-sided  tabl^«  by  trtincatioa  of  ibm 
acute  lateml  edgre.  It  tastes  Hgrccably  MiUno  and  bitter,  effloresaee  reiy  slowly  iotlu 
air,  girei;  off  its  water  of  crystalliAation  at  120^,  acquiring  at  the  aame  time  a  pmAj 
limtre.  The  cryirtalj  of  the  hixhydr&ted  mh  immersnl  in  a  boiling  auturatrd  eolitaoa 
immediately  assume  a  pearly  aspect,  and  are  found  aA«r  drying  in  vacuo  to  ht 
conTerted  into  the  monohydratc,  (C*H*)Ba'TOMI>0.  On  the  other  band,  this 
hydrate,  or  the  anhydruua  salt,  when  treated  with  cold  water,  ie  immediately 
TRfted  into  the  hexhydrate.  A  mtarated  solution  of  the  ordinary  aalt  pvapci 
60° — 60°  deposite  pearly  plates  of  a  hydrute  intermediate  between  the  mi 
hexhydratea.  vit  (C?H»)«Ba''P*Or 7H*0.     (C  hupc  h.) 

The  anhydrous  salt  heated  to  dull  redness  gives  off  water  and  earboTetted  hyi 
with  traces  of  alcohol  and  ether,  und  leavea  dibarytic  pyrophosphate  nuzed  with 
coal.    The  prindpai  decompottition  is  represented  by  tiie  equation : 


i 


2C»H*Ba'0* 


Ba'PK)'   +   2011*  +   H«0. 


Tf  the  dry  salt  be  mixed,  before  ignition,  with  carbonate  of  potassiuin,  it  Ukewiae  yieMi 
no  alcohol,  but  the  same  volatile  products  as  when  heated  alone  (Pelonxe).     Froa  < 
the  oold  aqneouH  solution  mixed  with  nitric  scid,  alcohol  throwa   down  nitrate  o^l 
barium,  leaving  ethylphoephoric  add  in  solution. 

The  fialt  is  moet  soluble  in  water  at  HP,  and  the  solution  aatamted  at  that  tempem-  J 
ture  deposits  cryit&Uof  the  6-hydrated  salt,  both  wheti  heated  and  when  cooled :  I  r*- 1 
of  the  (hexhydrated?)  salt  dieaolvea  in  29*4  pt,8.  water  at  0^  in  30  3  pts.  at  6°.  in  ti-9  | 
pta.  at  20°  in  107  pt«.  at  40°,  in  12-5  pU.  at  50°  in  11  3  pts.  at  63°.  in  124  pta.  si  ' 
60°  in  22-3  ptfl.  at  80°,  and  367  pta.  at  100°.  The  salt  is  insoluble  in  alcohol 
ether,  and  is  precipitated  by  thoae  liquids  from  its  aqaeous  solution. 

The  tu)ueoas  solution  precipitates  the  salts  of  lead,  mercury,  and  silver^  but  nott 
of  iron,  nickel,  copper,  gold,  or  plalinum. 

The  oaleiwH-Mlt  forms  micaceous  scales  nlightly  aolnUe  in  pure  water. 

Frrric  fth/lphosphoU.  (C»H*)*Ii**P^«.6H»0.   is  obuined   by  precipitating  «  hot " 
Bolution  of  the  tilvor-sult,  with  on  eqatvalent  quantity  of  ferric  chloride  also  ilisaolTid 
in  hot  water,  and  s<'panite«  in  straw-yellow  films  from  the  filtrate  when  he«ted  to  the 
boi  ling-  point.    (Church.) 

By  precipitating  mixtur«»B  of  ferric  and  alumim'c  chloride*  in  varioua  ptoportioos 
with  ethyl phoephttte  uf  cilver,  or  heating  mixed  solutions  of  ferric  and  alomiiue 
ethylphosphates  to  the  boiling-point,  or  adding  absolute  alcohol  to  them  till  ooly 
a    part     is    precipitated.    Church     has    obtained    ferrico-aJuminie    HkytfkMpXatt^ 

rontAJning    r«tperriv*.ly    (C*ff»)«Fc»Al''PK)".6irO,    ((?H»yfo'Al«P»0»*  6H«0     aad 

(cm'/i'VAi'p-o'veu-'o. 

Aftrrwto-ftrric  ^/AWy^Aoj^iA^jr^,  (C-H*)*FVFe"PH)".6H'0.  is  obtained  by  predpi- 
fating  tho  barium-palt  with  a  solution  of  mixed  fenons  and  ferric  aulphatea.  and 
adding  alcohol  to  the  filtrate. 

The  Uad'oalt,  (C^H*)Pb''PO*.n»0,  obtained  by  precipiuting  a  soluUon  of  th« 
bttrium-sall  nearly  saturated  at  70*'  with  aoeUte  of  lead,  is  abnoiit  insoluble  in  rotd 
water,  hut  sliglitly  soluble  in  hot  woter,  from  which  it  may  be  crystalliaed.  It  may  be 
obtained  anhydrous  by  he^iting  it  to  130° — 160°.     (Church.) 

A   nwTniToits  $alt,   apparently   containing  (CTi*)Hg«p6*.2H=0.    ia   obtain#d  H 
precipitation  from  moderately  concentrated  solutions  in  pearly  plates.      It  distohM 
ulighlly  and  with  partial  decomposition  in  cold  water,  but  is  inaolubU  in 
(Churoh.) 
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ThA  potattium-  and  $odiumsalt$t  obtained  bj  precipitating  the  barinm-Balt  with  tli0 
OorrespoDding  sulphatps,  are  deliquescent  and  difficult  to  crjstalUse. 

The  nlver~9alt,  (C^H*)Ag*POVHH),  is  orstalline  and  sparingly  soluble. 

The  strontium-salt  crystalhsea  with  difficulty  in  hydrated  crystals,  is  much  less 
Bolable  in  hot  than  in  cold  water,  and  is  precipitated  from  the  cold  aqueous  solution 
by  aloohoL 

The  uranic  salt,  (C*H*X'D*0')*PO*.H»0,  is  obtained  by  dissolving  uranic  oxide  in 
cthylphosphoric  acid,  and  evaporating  the  iUtered  solution  in  pale  yellow  flocks,  which 
dzy  up  to  amorphous,  brittle,  lemon-yellow  masses.  It  is  less  soluble  in  boiling  water 
than  in  water  at  60°  or  70°. 

Eth^iphosphate  of  Tetretkylammonium,  (C»H»)(C»H»N)»PO<,  is  obtained  by  precipi- 
tating a  hot  solution  of  the  silrer-salt  with  iodide  of  tetrethylammonium,  and  erapo- 
mting  the  filtrate,  first  at  100°,  then  over  sulphuric  acid  in  vacuo.  It  forms  a  confused 
mass  of  crrstals,  which  lose  their  transparency  on  drying,  are  extremely  soluble  in  cold 
water,  and  deliquescent.  It  begins  to  decompose  at  100*^,  and  is  completely  resolved 
ai  higher  temperatures  into  triethylamine  and  triethylic  phosphate: 

(C«H»)[(C^H»)*N]*PO'     -     2(C'H»)'N  +  (C*H»)»PO*. 

£thtl-8ttlphophobfhoricaoid,CHTPSO*  -  C«H*.H*.PS0».— This  acid, dis- 
covered by  Cloez  (Compt  rend.  xxiv.  388),  is  known  only  in  aqueous  solution,  and  in 
its  salts.  The  potassium-  and  sodium-salts  are  easily  obtained  by  agitating  sulpho- 
ebkuride  of  phosphorus  with  alcoholic  potash  or  soda : 

CHK)  +  6KH0  +  PSCl*     -     C*H*K^PSO»  +   3KC1  +   3H«0. 

They  dissolve  readily  in  water  and  in  alcohol. 

The  bariuTn-,  strontium',  and  calcium^alts,  obtained  by  saturating  the  aqueous  acid 
with  the  corresponding  carbonates,  are  crystallisable.  The  formula  of  the  bariom-salt 
is  CPH^Ba'PSO*. 

(POy  ) 

DiBTHTL-PHOSPHOBIO     ACID,    C*H"PO*     -     (C=H*)«HPO*  -     (C«H*)«  J-0. 

H  3 
pTogeli,  Ann.  Ch.  Phann.  Ixix.  180.)— This  acid  is  formed,  together  with  the  preced- 
ing, when  absolute  alcohol  or  ether,  in  the  liquid  or  gaseous  state,  is  brought  in 
contact  with  phosphoric  anhydride.  The  absorption  of  the  vapour  affords  the  best 
mode  of  preparation,  because  when  phosphoric  anhydride  is  introduced  into  liquid 
alcohol  or  ether,  grvat  heat  is  evolved,  and  the  phosphoric  anhydnde  forms  into  lumps, 
which  are  very  slowly  acted  upon. 

Preparation. — Phosphoric  anhydride  is  placed  over  anhydrous  ether  or  alcohol  (the 
latter  yields  the  best  product),  and  the  whole  in  covered  with  a  bell-jar  to  keep  out  the 
moisture  of  the  air.  The  anhydride  then  absorbs  the  vapour,  and  in  a  week  or  a  fort- 
night deliquesces  to  a  syrup.  This  syrup  is  saturated  with  carbonate  of  lead,  the  in- 
soluble phoephste  of  lead,  &c.,  removed  by  filtration,  and  the  filtrate  evaporated  over  a 
water-bath  or  a  sand-bath.  A  sparingly  so.uble  lead-salt  (ethylphosphate)  then  sepa- 
rates out  in  pearlv  crystals.  On  further  concentration,  the  solution  yields  groups  of 
aystals  like  caffeine.  These  ciystuls  consist  of  the  diethylpbosphate  of  Irad ;  they 
may  be  purified  by  redissolving  them  at  a  very  gentle  heat  and  recrystallising.  from 
the  solution  of  this  lead-salt  the  lead  may  be  precipitated  by  sulphydric  acid ;  and  the 
filtrate  evaporated  in  vacuo  yields  the  hydratJd  acid  in  the  form  of  a  syrup,  which  does 
not  czystaluse,  and  appears  to  be  partially  decomposed. 

The  syrupy  add  When  heated  gives  off  pungent  acid  vapours,  and  afterwards  phos- 
phoric ether,  recognisable  by  its  odour.  The  decomposition  terminates  witii  a  vicdent 
nothing  of  the  whole  mass,  and  phosphoric  acid  remains  behind. 

The  dietht/iphosphates  have  the  composiuon  (OH*)»MP0^  or  (CH*)*M'T»0»,  ac- 
oosding  to  the  atomicity  of  the  metal.     They  appear  to  be  nil  soluble  in  water. 

The  barium^salt  is  formed  by  saturating  the  aqueous  acid  with  carbonate  of  barium. 
It  dissolves  readily  in  water  and  dilute  alcohol,  and  may  be  obtained  in  needles  and 
laminm. 

The  calcium-siUt,  (CH*)*CaTH)*,  is  obtained  by  adding  carbonate  or  hydrate  of 
emlcium  to  phosphoric  anhydride  which  has  been  left  to  deliquesce  over  alcohol  or 
ether,  or  to  the  aqueous  acid  prepared  by  decomposing  the  lead-salt  with  sulphydrie 
acid,  or  by  decomposing  the  lead-salt  with  an  alcoholic  solution  of  chloride  of 
calcium. 

It  is  very  soluble  in  water,  less  soluble  in  dilute  alcohol,  sparingly  in  absolute 
alcohol,  crystallises  on  cooling  from  a  warm,  concentrated  aqueous  solution,  or  from  an 
aqueous  solution  gradually  evaporated,  in  silky  groups  nf  crystals  like  the  lead-salt. 
From  the  solution  in  dilute  alcohol  it  oystalliaes  in  needles.    When  strongly  heated. 
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it  do<«  not  girc  off*  voter  or  fiuo,  but  d«ooiapo0es,  witli  evolution  of  txicthjlic  r^^fm^; 
taming  ulightly  blaok  at  the  iame  time. 

T^ie  ^prr-salt,  ohUiinod  by  decomposing  th»  leadnalt  with  sulphftt^  of  cop^  ii 
Tery  soluble  in  wftt<"r. 

The  Uad'jtaie,  i.C'H*)'Pb"P'0»,  prepared  u  above,  dissolrea  readily  in  tdiw^ 
■till  more  in  warm  v&ier,  and  sHpuratAti  on  cooling  from  n  Wftrm  ooncentzitfed  inliitMfc 
ID  groups  of  crjstals  resembling  caffeine.  It  is  spuringlv  soluble  id  cold,  **cUj  mks 
ab«oIute  alcohol  It  mvlcs  at  180^  folidif/iog  to  a  crystJilliDe  maM  on  cooling.  V^ 
heated  to  about  190'^  it  ii  reaolTod  into  trietbylic  phoaphate,  which  diatila  ova;  at4 
etbylphosphate  of  Irad: 

(C»H»)<PbT«0"     «     (O^VPO*  +  (C^*)PbTO«. 
The  other  diethylpbosphatce  are  doooropofted  by  boat  in  a  aimilar  manner. 

The  maqnetiwn-  and  nickel-4aUs  ore  rery  soluble  in  water ;  the  Utter  crystalliM  ia 
gruupfl  of  laminie. 

DiBTHTtsuLPHOPHosPHOBic  ACH),(C*H*)'HPS0'.(Carin8,  Ann.  Ch-Phirm 
cxii.  190;  J&hreab.  1859,  p.  442.)— Thie  acid  is  formed,  together  with  trietbylic  dinl* 
pbophoaphate,  by  the  action  of  pcntasolphide  of  phosphorus  on  alcohol : 

6CH*0  +  PS»     -     (CH'yHPSO*  4-   {Cm*)*P3K»*   +    2H«S. 

Di'^thylsulphuphoffphoric  acid  is  a  riscid,  oily  liquid  baring  a  strongly  add  and  Hk*- 
wise  Viilter  tosle.  It  muy  be  boiled  in  aqueous  or  alcoholic  eolation  without  d«coaip»> 
oitiun,  but  dccompo5efi  when  strongly  heat«-d  per  ««,  giWng  uflT  mercaptan  (and  pedtsf* 
also  sulphide  of  ethyl),  and  leaves  phosphoric  acid.  It  forms  wrj  stable  salts,  amoo; 
vrh'\chtheajn7tumium',potaMiiim',s4)diutn;  /Mjr/um-.oo/Wvm-, and/e^i^i-jco/df  disaolTemalj 
in  vruter,  end  are  soluble  also  in  abaoluto  alcohol  and  even  in  ether;  the  tilvrr^aali  k 
nearly  insoluble  in  wuter,  but  rery  soluble  in  alcohol  and  in  ether.  The  sflwr-,  |i«&-, 
and  xino-salta  separate  from  their  solutions  by  rapid  eraporation  in  oily  drops,  wbiek 
remain  Tiacid  for  a  long  timt>,  but  solidify  in  the  cr^-stalliDe  form  when  tooi^ied  wui 
a  hard  body. 

DiBTaTL-DisvLPEOPHOsPBOBic  ACID,  (C*H*)"HP8*0«  (Carina;  foft.  nt^— 
Produced,  together  with  ethylic  sulphide,  by  heating  thethylic  diaolphophosphits 
iit\fra)  with  mercaptan  in  a  sealed  tnbe : 

(C^*)'PS«0»  +  C'H\H.S     -     (CHV'HPSK)*  +   (C*H»>*S. 

TriHhyllcdiiul.  M«rotp-  DiKh;l-dl*ul.  Ethvlic 

pbuphotphaie.  ua.  phivphu  tc  lulpfatde. 

Krld. 

ft  is  a  tmnsparent,  colourless,  amorphotia  mass,  rtscid  at  a  gentle  heat.  Its  sshs  ■» 
produced  by  the  action  of  alcoholic  sulphydrate  of  potassium  or  aodium  oo  Uiethjlic 
disulpbophoephute,  mercaptan  beirg  formed  at  the  same  time: 

(Cm»)'PS*0«   +    KHS     =     (C'H*)'KPSK>«   +   CH'.H  a 

DxBTaTL-TKTBABrLpBOPHOspHOBicAciD,  (C*H*)'HPS*. — The  potassiaffl-sth 

of  this  Kcid  is  formetl  by  the  action  of  alcoholic  sulphydrate  of  potassiiun  on  trietbylie 
tetrasulphophusphate.     (Carius,  ioc  cit.) 

TfiiHTBTLic  Phosphatk,  ((7H')'P0*  =  /c»HM"l *^'"~'^^*  ether  was  diseo- 
vered  by  Vogeli,  vho  obtained  it — 1.  By  heating  dierhylphosphate  of  lead  to  190^ 
{vid.  mp.), — 2.  In  Bmnll  quantity,  to^>ther  with  diethytphiAphonc  acid,  by  the  actioBof 
phosphoric  anhydride  on  uleotiol.  Jt  is  likewise  prtxluccd — 3.  By  heating  pho^ihste 
of  silver  with  iodide  of  ethyl  to  100°  (a  sUgbt  action  takes  pJace  also  at  ccsmnas 
tempenituros).  exhausting  the  mass  with  ether,  heatitig  the  hquid  which  remains  after 
tltetiTufKirationof  the  ether  to  160^,  and  distilling  it  in  vacuo  at  140°  (,De  CI  er  moot, 
Ann.  Ch.  Pharm.  aci.  376). — 4.  By  the  action  of  oxychlohde  of  phosphorus  on  ethyUia 
of  sodium: 

3C»n»NaO   +   POCP     »     3NsCl  +   (C«H»)'PO*. 
The  liquid  filtered  from  the  chloride  of  sodium  is  freed  from  ether  by  heating  it  hi 
water-bulh,  and  the  rendue  is  diatillbd  (Liropricht^  Ann.  Ch.  Phiirm.  cxxxir.  347). 
—A.  By  th**  ftclion  of  the  oiychloride  on  ubKiluie  alcohol     (Schiff.) 

Trieihylic  phosphate  is  a  limpTd  Jiyuid.  having  a  peeuliar  odoor,  a  specific  gravity 
of  1072  at  12^,  and  boiling  at  21S''.  It  is  soluble  in  water,  alcohol,  and  fcthei;  batb 
slowly  documposod  by  contact  with  water.     (Cariue.) 

Tbisthtlio  DiauLPUOpBospBATB,  (CH')»PSK)',  is  obtain«<l,  together  with 
dieihyhulphopbosphoric  acid  {vid.  9U^\  by  the  action  of  peutasutphide  of  pbcBphorai 
on  ttlcohol.  It  is  a  coloorlesa  oily  liquid,  having  an  aromatic  and  somewhat  alhaeeosf 
odour,  especially  when  warmed,  and  diatiUing  undecomposed  wit-h  rapuur  of  waUt 


I 
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Whaa  txeat«d  with  sIcohoHc  Bolphydrate  of  potassium  or  sodium,  it  yields  dietfaji- 
dimlphophosphorie  add  and  mercaptan  (Carius,  p.  £92).  With  aicohoU,  it  yields 
dietfajl-smphophosphoric  add,  toffetner  with  a  sulphide  of  ethyl,  and  the  radicle  of  th« 
aleohol  empbyed ;  e^g,  with  amyuc  alcohol : 

(C«H»)>PS«0«  +  (C»H»')HO     -    {C>H»)«HPSH)»  +  (C»H»XC*H")S. 

Tbibthtlic  Tbtbasitlpbophobphatb,  (CH*/FS\  (Carius,  loe.  cit.) — 
Ftoduced  by  the  actioii  of  pentasulphide  of  phosphorus  on  mercaptan,  or  better,  on 
BMrcapti^  of  mercnzT : 

8(C?H»)»Hg13«  +  I>«S*     -     2(C?H»)»I>S*  +   3»g"8. 

ft  is  a  light  jrellow  oil^  liquid  resembling  triethylie  disulphophoaphate,  but  more 
aanly  deeompoaible.  With  alcoholic  sulphydrste  of  potassium  it  jiefds  diethyl-tetra- 
•ulphophosphoric  add,  and  with  hydrate  of  potassium,  the  potassium-salt  of  another 
add,  probably  diethyl -trisulphophosphoric  acid,  (C*H*)'HFS*0. 

TiTRaTHTLio  Ptbophosphatb, (C*H*)*P"0*.  (De  Clermont,  loc.  cit.) — ^Pro- 
duced by  heating  dry  pyrophosphate  of  Mirer  with  iodide  of  ethyl  to  100°  in  a  sealed 
lUsk.  The  filterad  Uquid  is  then  distilled  at  the  heat  of  the  water-bath,  and  the  viscid 
residue  is  dried  b^  passing  air  through  it  at  130",  and  then  heating  it  in  Tacuo  to  140**. 
It  is  a  visdd  Ii{jmd,  of  specific  gravitv  1*172  at  17° ;  has  a  peculiar  odour  and  burning 
tMte ;  bums  with  a  whitish  flame,  difiusinff  white  vapours.  Potash  decomposes  it, 
Conning  crystaUisable  deliquescent  diethylphosphate  of  potassium.  It  is  soluble  in 
water,  alcohol,  and  ether,  soon  turns  acid  when  exposed  to  the  air,  and  dissolves  a  small 
quantity  of  silver-iodide. 

KethyUe  niospbates  or  MethylplMspluNrlo  etbers.  The  monomethylic 
and  dimethylic  phosphates  have  been  obtained  by  Hugo  Schiff  (Ann.  Ch.  Pharm. 
di.  334) ;  the  trimethylic  ether  is  not  known. 

The  two  add  ethers  are  produced  simultaneoQsly :  1.  By  the  action  of  phosphoric 
oo^chloride  on  methyUc  alcohol : 

3(CH«)H0  +  POCH     -     (CH«)H*PO«  +   2CH*C1  +     HCl, 
and  8(CH»)H0   +  POCl«     -     (CH»)«HPO*  +     CH*C1  +   2HC1. 

On  mixing  the  two  liquids,  great  heat  is  evolved,  vapours  of  hydrochloric  add 
and  chloride  of  methyl  given  oflf,  and  a  dark  red  liquid  remains  consUting  of  mono- 
and  dimethylphosphoric  adds,  the  former  being  in  the  greater  quantity.  But,  if  the 
phosphoric  oxvchloride  be  placed  in  a  flask  attached  to  the  lower  end  of  a  condensing 
apparatus,  and  standing  in  cold  water, and  the  wood-spirit  be  added  hydrops  from  the 
upper  end,  each  addition  being  made  only  after  the  reaction  produced  by  the  former 
baa  subsided,  the  product  consists  almost  entirely  of  dimethylphosphoric  acid,  which, 
after  the  red  liquid  has  been  freed  from  hydrochloric  add  and  wood-spirit  by  heating 
it  for  several  hours  in  the  water^bath,  remains  in  the  form  uf  a  colourless  syrup,  bat 
by  continued  heating  over  the  water-bath  is  gradually  resolved  into  wood-spirit  and 
phosphoric  add. 

2.  By  the  action  of  pentachloride  of  phosphorus  on  methylic  alcohol,  phosphorio 
o^ddoride  being  first  formed,  as  shown  by  the  equation, 

(CH»)HO   +  Pa»     -    P0C1»   +   CH"Cl   +  HCl, 

and  then  acting  on  the  rest  of  the  methylic  alcohol  as  above. 

J>imetkylpho$phorie  acid,  (CH«)"HPO«  -  (CH>)«>0»,  ia  very  sour,  attadn 

H    3 
due  with  evolution  of  hydrogen,  and  decomposes  carbonates  with  fiidlity.    The  aqneoni 
aolution  is  readily  decomposed  by  boiling,  apparently  with  ibrmation  of  monomethyl- 
pboBphoric  add.     It  is  soluble  in  alcohol  and  ether.  

The  dimethylphosphates,  (CH»)»MPO*  and  (CH»)*MT»0«,  ar«  obtained  tij 
Bflotralising  the  aqueous  acid  with  the  corresponding  carbonatea.  Some  of  the  less 
•ohible  may  also  be  obtained  by  pxedpitation.  They  are  easily  separated  from  tha 
monomethylphosphates,  which  are  much  less  soluble  and  separate  out  on  evaporation. 
The  dimeuxylphosphatea  are  mostly  colourless,  dissolve  pretty  readily  in  water,  less 
in  alcohol,  not  at  all  in  ether,  and  are  precipitated  by  alcohol  and  ether  from  their  eon- 
ocntrated  solutions. — Almost  all  of  them  contain  several  atoms  of  water  of  aystallin- 
tion.-— Their  aqueoua  solutions  are  decomporad  by  evaporation,  unless  the  heat  is 
k^)i  very  low.  By  distillation  they  yield  the  same  products  as  the  free  add,  with  a 
reaidne  of  phosphate. 

TIm  bartum-sa/t,  (CH')*BaTO\  forms  nacreous  laminae  nearly  insoluble  in  alcohol. 
Th& tironiium-salt,  (CH')^''PK>".2HK),  is  s<»newhat  more  soluble  in  aloc^cl  than  the 
barinm-sak,  and  crystallises  from  the  alcoholic  solution  by  gradual  evar^ratiou  in 
nlky  erystalhae  humue  arranged  in  radiated  groups.    It  ^aaQS'\\a'«iiX«t  oXX^^. — 
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The  etdciumsaU,  (CII")*Cu"P=0',  separet«fl  iu  w*rty  idkm*^.  very  solubU  lu  w±tjr_ 
Th«  ma<fru0ium-sali  ia  a  white  povacr  aolable  in  vator. — ^Thn  «ur^^  i>i 

nther  »oln)jlc. — The  ir^n  iwd  copper-taltt  appear  also  to  be  eamJj  ^^  uuk 

u  the  Bolntion  of  the  salt  »  not  precipitated  by  aotatioiu  of  iron.  ca]cta2a«  or  fvpue.— 
The  Uad-salt,  (CH')*Pb'T'0",  ia  precipit«t«d  from  the  concentrated  aqu«ot»  aolatka 
by  etb^r  in  flakes. 

The  soluble  dimethylphosphiLt^a  form  white  precipitates  with  salts  of  eodatt,  afffv^ 
and  ti/oer. 

'Hie  monomelbylpboaphates,  (CH')M*PO*,  arc  much  less  aoluble  is  vMff 
than  the  dime  thy  lophofrphatea.  The  hartutn'salt,  (CH*)Ba'PO*.2H*0.  ii  Ins  nta&k 
in  water  at  100°  tbao  in  lokewarm  wnter,  and  separatea  as  aoon  aa  the  aolotiua  ii 
placed  orer  the  wat«r-b)ith,  in  btinin»  having  a  strong  luatre.  It  girea  off  tlie  gmlff 
part  of  its  wat^r  of  cryKtaUiaatioD  even  on  exposure  to  the  air,  a  ftutber  puitioii  orw 
aulphuric  add,  losing  its  lustre  at  ttie  Hiime  time,  and  the  whole  (2  at.)  at  \60^.  Wha 
strooffly  b«-uted  it  gives  off  conibustiblo  gaaee. 

Smphockl&rids  of  phutpkorus  forms  with  methylic  alcohol  an  acid  ether,  whoa 
barinm-s&lt  is  soluble  in  water.  Thia  ether  is  probably  monometbylie  salpho* 
phosphoric  a«id»(CH")H*PSO". 

^  ) 

AoDSVDUM.    MetA^lpho4phorout  acid,  CHTO*  »  CH>vO*(Sch2fCAw.ALi 

— Produced  by  the  action  of  trichloride  of  phoephoros  on  methylic  alcohol : 
3Cn*0   +   PCI'     -     CH*PO"   +    2CH'C1   +    HCL 


Triddoride  of  phosphorus  ii  added  by  drops  to  methylic  alcohol  as  long  aa  anir 
takes  place,  und  the  liquid  is  left  in  a  wurm  place  for  several  boon,  to  expel  hj 
chloric  a?id  aiid  excess  of  methylic  alcohuL  The  cumpouud  ia  thus  obt«iaed  ia 
form  of  a  nc;irly  colourless,  very  acid  syrup,  which  draws  oat  into  threads,  and  caaoet 
ix^  madi*  to  {'r)-stiilli»e.  On  attempting  to  concentrate  it  further  by  heat,  it  ia  reaolicd 
iuto  mrthylic  alrahol  and  phocspltoroas  acid. 

Tile  vuthyfpko9phiU8,  (CH*)HMPO',  are  obtained  by  treating  the  ooiTeapoading 
carbondtes  with  the  aqneous  acid.  By  evaporation  at  ordinary  te.mp^ra.tures  or  si  k 
rery  gentle  heat,  they  are  obtained  as  amorphous  masses  which  exhibit  crystaUiiw 
structure  when  BtTatched  with  a  Bharp-edgea  tooL  When  strongly  heated,  they  gin 
otr  phoBphoretted  hydrogen  and  combustible  hydrocarbons,  leaving  a  reaidae  of  pbos- 
pliuto  mixed  with  a  little  amorphoua  phosphorus.  They  are  hygroscopic,  SLod  diMoIri 
rundily  in  wiiter,  sparingly  in  alcohol,  and  not  at  all  in  ether.  The  aqueous  lolationi 
dfcompose  eluwly  at  ordinary  temperatures  into  methylic  alcohol  and  phosphate 
This  decompoHition  takes  place  mn<tt  qniokly  when  tlip  snlutions  are  acid,  and  may  hi 
pro  rented  by  ke4'ping  an  excess  of  th**  carbonate  in  the  liquid  during  evaporauon. 

The  hanum-mtU,  (Cir)'H*Btt'T*0*,  is  anhydrous,  less  soluble  in  water  and  in  aleokl 
than  the  calcium-salt.  The  ccfcivm-Mit.  (CII')"H'Ca"F'0.2H»0,  gives  off  its  vahEr 
at  100°.     The  Itad-ta/t,  (CH*)=H»Pb'P«0»,  is  very  easily  decomposed  by  h^^at. 

The  solution  of  tlio  culcium-salt  duos  not  precipitate  the  chloridt«  of  copper  and 
iron ;  with  mercuri<!  ch/ondt\  it  forms  a  white  precipitate;  and  with  rUtraU  &fmlmf^% 
precipitate  which  is  white  at  first  but  quickly  yields  reduce*!  silver. 

Vbenjrtlo  Phoapbates  or  Plienylplioapliorle   Btlierm. — 1.  Af^Najpisajr/*. 

phosphoric  aciJ,  ( O'll*)H-P0',  has  been  ol-taintd  by  Church  (Proc  Boy.  Sot 
xiii.  3*20),  but  the  mode  uf  preparation  ia  not  descnbed.  Both  the  add  and  its  salts 
oxidise  rapidly. 

(por) 

2.  DipkfnylpkoMpAorie  acid,  C»B**PO*  -  (Cni*)«yO».— This  acid  etbtt  is 

H      j 

obtained  by  the  action  of  pentitchloride  of  phosphorus  on  phenyltc  alcohol  pivpamJ 
from  salicylic  acid  (p.  3901,  and  appears  to  constitute  the  chief  portion  of  the  pfwlaet 
At  onlinnry  temperatures  it  is  a  granular  crystalline  powder,  and  after  being  tasd 
from  adhering  liquid  by  pres»ure  between  pa^Hfr,  may  hie  kept  in  paper  in  the  wuBStt 
and  dampest  weather  without  alteration.  It  dissolves  easily  in  a  weak  soIntaoB  «f 
eanstic  soda  to  which  a  littlenloohol  is  added,  ioTmingthedipJient/iphotrpkatecf  sodasm, 
vC*H*)'KaPO',  a'hich  crystflllises  on  cooling  from  a  hot  hflturated  solotton  in  pososor 
iiee-ilof.  rh«'J>e  crystaU  yield  by  analysis  22-64.  2'2-82,  and  23-91  per  cent,  wat^r.  sad 
806,  8'91,  and  9  02  per  cent,  phosphorus,  apreeinf;  nearly  with  the  fonaol^ 
2[C''H*)'NivP0'.r/H'0,  whi'  h  requires  22*05  per  cent,  wnt^r  and  878  per  crnt.  pbo*. 
phonis.  Sometimes  (under  circumstances  not  preriFely  determined^  flMtteowl  t^^Wm 
wereobtain^'d  mntainin[j'24-56— 24*81  percent,  water;  theformula  (C*H*)^NdPO.5IP0 
rpn^tiires  24*81  por  er^nt.  On  mixing  the  aqueous  solution  of  th«  sodium*saJt  sith 
fltfUtrtl  acetate  of  XvaX,  iv  naii:reoufi  CT^«V«t\^ue  v^iAvvli&to  vs  formed  <.'Ouiain<Dg  9B4 
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p«r  cent,  lead,  which  agrees  nearly  with  the  formula  (C*H^)*Pb''P'0*,  rfquiriog  294 
per  cent.    (H.  Watts,  Gmelin's  Handbook,  zii.  249 ;  and  unpublished  ex  pertinents,) 

Hugo  Hiiller,  in  making  some  experiments  with  the  riew  of  obtaining  phenjUne 
from  phenol  by  the  action  of  phosphoric  anhydride,  has  recently  obtained  a  phenyl- 
l^ioflpnorie  add,  the  formula  of  which  is  howerer  not  yet  made  onL  When  phosphoric 
anhydride  is  brought  in  contact  with  crrBtalline  phenol,  elevation  of  temperature  takes 
^ce  and  a  pasty  mass  is  formed,  which  on  heat  being  applied  becomes  homc^eneoos. 
The  temperature  being  raised  still  higher,  unchanged  phenol  distils  orer,  but  there  is  no 
indication  that  phenylene  is  formed  in  this  reaction.  Ondisaolring  the  residuary  mass 
in  water  and  treating  it  with  barium -carbonate,  a  solution  of  phenylphosphate  of  barium 
is  obtained,  which,  after  precipitation  of  the  barium-salt  with  sulphuric  acid  and  care- 
Ail  eraporation,  yields  the  phenylphosphoric  acid  in  the  state  of  a  heavy  oily  liquid, 
which  separates  from  the  concentrated  solution.  This  phenyl -phosphoric  acid  forma 
with  most  metals  well  crystallised  salts. — The  potassium-,  sodium-  and  ammonium^ 
salts  art  very  readily  soluble  in  water. — The  moffnesium-saU  crystallises  with 
diiBcnlty,  and  is  modovtely  soluble  in  water. — The  barium-salt  crystallises  in  magni6- 
e»Xki  asbestos-like  crystals.  Solutions  of  the  barium-salt  give  with  acetate  of  lead  a 
vhite  floceulent  precipitate,  which  soon  becomes  converted  into  a  mass  of  fibrous 
crystals.  Dilate  solntions  give  no  precipitate,  but  on  evaporation  yield  crystals 
resembling  the  barium-salt. — The  silver'satt  is  a  white  predpitate  which  soon  becomes 
yellow  and  brown.  Solutions  of  the  phenyl- phc»phate  of  barium  do  not  give  precipi- 
tates with  copper-,  cobalt-,  nickel-,  or  nnc-salts  in  the  cold,  but  when  heat  is  applied, 
predpitates  are  formed  which  dissolve  again  on  cooling.  The  phenylphosphates 
tike  the  corresponding  ethylphosphates  possess  the  peculiarproperty  of  being  less  soluble 
in  hot  water  than  in  cold :  their  maximnm  solubility  appears  to  lie  between  40^  and 
60^.     {Communication  from  Dr.  Miller.) 

Triphenylic  Phosphate,  (C"H»)*PO*  ^  ((>H»)4^'-  (Williamson  and 
Bcrngham,  Chem.  Soc.  Qu.  J.  vii  240.) — This  compound,  the  neutral  phosphate  of 
phenyl  is  produced,  together  with  chloride  of  phenyl,  by  the  action  of  pentachloride  of 
phosphorus  on  phenylic  alcohol  obtained  from  coal-tar  creosote,  and  constitutes  that 
portion  of  the  product  (the  largest)  which  distils  above  the  range  of  the  mercurial 
thermometer.  It  is  purified  by  treating  the  crude  product  with  strong  aqueous  potash, 
removing  the  potash  by  washing  with  water,  and  distilling  the  remaining  liquid  two  or 
three  times. 

This  ether,  at  the  ordinary  temperatures,  is  a  thick,  oily,  fluorescent  liquid,  but  solidi- 
fies at  low  temperatures  to  a  mass  of  crystals.  It  is  inodorous,  soluble  in  alcohol  and 
ether,  but  insoluble  in  potash  except  on  boiling.  It  is  very  expansible,  sinking  in  a 
eold  solution  of  potash,  but  rising  to  the  surface  on  the  application  of  heat,  and  again 
falling  to  the  bottom  on  cooling.  It  is  decomposed  by  ethylate  of  sodium,  or  by 
evaporation  to  dryness  with  strong  potash ;  and  on  adding  nitrate  of  potassium  to  the 
v^dne,  ftising,  treating  the  fused  mass  with  water,  and  neutralising  with  hydrochloric 
add,  a  solution  is  obtained  in  which  the  phosphoric  acid  may  be  detected  and  estimated 
in  the  usual  way  with  ammonia  and  sulphate  of  magnesium.  The  ether  gave  by 
malvBis,  6£'92  per  cent,  carbon,  513  hym^en,  and  800  phosphorus,  the  formula 
(C*H*)FPO*  requiring  66*11  carbon,  4-69  hydrogen,  97  phosphorus  and  19*69  oxygen. 

(PO)-) 

aiyoeroptaospborie  AelO,  C^*FO*  «  (C^H*)'*  }-0^  existing  in  the  yolk  of 

U*     ) 
egfft  and  in  the  brain,  and  produced  artificially  by  the  action  of  phosphoric  add  or 
whydride  on  glycerin,  has  been  already  described  (ii  896). 

(PO)"   ) 

Jkoetylpbospliorte  Acid,  probably  C*H*PO'  =  (C*H*0)'VO*J£*0,  is  obtained 

H  } 
by  the  action  c^  acetylic  chloride  on  phosphate  of  silver.  On  treating  the  resulting 
nuus  with  water,  the  acetylphosphoric  acid  dissolves,  together  with  phosphoric  add ; 
and  by  neutralising  the  evaporated  filtrate  with  carbonate  and  hydrate  of  caldum,  pre- 
dpitating  with  acetate  of  lead,  and  decomposing  the  lead-salt  with  sulphydric  acid,  the 
acetylphosphoric  acid  is  obtained  as  a  viscid  liquid  which  is  resolved  by  boiling 
the  solution  into  phosphoric  and  acetic  adds.  The  barium'  taadceleium'Salts  are  easily 
•olnble ;  the  former,  0*HK7aTO'.4H'O,  crystallisee  in  radiate  needles  and  prisms  per- 
manent in  the  air.     (Kammerer  andCairns,  Ann.  Ch.  Pharm.  cxxxi.  170.) 

(PH)*)'*) 

Aeetylpyropbospboric  Aetd.    (C>H*0)H'PO'   »  CH*0  ^0*.     (K.    Menr 

H«     ) 
■cbntkine,  Bull.  Soc.  Chim.  1865,  i.  269.) — Produced  by  the  action  of  nitric  acid^ot 
better  of  bydnc  peroxide  on  acetylpyrophosphorous  acid,  (jCQ.^O'^jB^^Q^  V^.  ^%^. — 
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Th«  Uriurti'talt,  (C«H»O^HB*"PK>'.iH'0,  i»  obUined  by  wUing  u  nolution  of 
u'roxide  in  dihite  hvdrocnluric  acid  to  a  soluliou  of  potjutaic  »cetylpyropb«phile.    ti 
w  a  cryHtAlUoe  prwapiUt*.  insolnbl©  in  water.  modermU'ly  aolnblfl  in  dilat*  aada.    hi  j 
Bolation  in  nitno  acid,  decomposed  by  on  (Mjuivalent  quantity  of  ffolpbnric  acid,  )v)di  I 
the  aqueous  acid  ;  and  on  neutntliiiiiig  thU  with  ammnniA,  and  *ddiog  *oetatf  of  Wa^  > 

the  trad'talt,  (CJTff'OfPC'PK)'*,  iaohtAJned  ai  a  pwcipiUte,  insoluble  in  water.  mm)j 
aoluble  in  dilnt©  nitric  acid,— The  silver-satt,  {C?H»0)Ak*P'0'.  obtained  ta  lib 
manner,  is  a  white  precipitate  which  emdaHlly  turns  yeUowisb.  It  diasolrea  widmd 
decompoiiition  in  dilute  nitric  acid  luid  in  dilntti  amffloDiA,  but  strong  aanmonia  poarad 
on  the  dry  salt  reduces  part  of  the  tilver. 

Acetylpjrophofiphoric  acid  ii  slowly  oonverted  Into  phoepboric  acid  by  eboUitMi 
with  aqueoTXB  acid  and  alkalis,  quickly  by  fnirion  with  hydrate  of  potaaainm  or  earhooS* 
of  sodium. 

FKOSVKOmvs,  OXTBSOMZOB  or.  POBr*.— Thia  oomponnd,  diacofmd 
by  Oladfttune  (PhiL  Mug.  [3]  xxjiv.  346;  Jahrtab.  Ift49,  p.  243),  iB  jmdoced  by  tks 
decompoitition  of  the  ppntabroinide  in  moist  air:  PBr*  +  H*0  «  2HBr  +  FOB*"; 
and  in  a  pure  stata  by  the  action  of  the  pentabromide  on  alcohola  and  acids,  e.g^  hj 
treating  1  at.  of  the  strongest  acetic  acid  with  1  at.  of  tbo  pentAbromide  (H.  Bitttr, 
Ann.  Ch.  Pbarm.  x\v,  210) : 

Cr'HH).H.O     +     PBr»       -       POBr*     +     C^'OBr      +      HBr ; 

AcMic  OxybronlU*  of        Brorald*  of 

•cU.  pbo«phoru«.  AcHfl- 

(ir  1  at.  fiued  oxalic  acid  with  1  at  pentabromide  (Baudrimont,  Boll.  Soc.  Cha, 
1861,  p.  113),  the  reaction  being  similar  to  that  with  the  pentAcbioride  (t^^l 
After  rectification,  it  forms  a  crystiilline  mass  composed  of  large  Ijuninae,  melts  at  if 
or  46°  to  a  colourless  liquid;  has  a  specific  gravity  of  2822  [solid  or  liquid?!;  bcQiit 
19A°  (Ritter).  It  is  slowly  docompoaed  bv  water  into  phoapboric  and  byorafacaoH 
arids,  and  acta  upon  alcohols,  acids,  See.  in  tlie  same  manner  as  the  oi^cbloride. 

PB08PH0KVB,  OXTCBX.OXXDB  OF.  POCl'.— This  compound,  oiseumwl 
by  W  arts  {Ann.  Ch.  Phys.  [31  xx.  472),  is  produced  by  reaction  a  analc^us  to  them 
above  described  for  the  formation  of  the  oxybromide.  Oerhardt  (Ann.  Ch.  Phj* 
[3]  xxirii.  285)  recommends,  sa  the  best  mode  of  preparing  it«  to  distil  peDtochloridacf 
phosphorus  with  half  ita  weight  of  oxalic  acid  completely  deprived  of  its  water  of 
crystallisation : 

C*H»0*    +    PC1»     -     POCl"  +   2Ha   +    CO    +    CO'; 
or  6  pta.  of  the  pentAchloride  with  1  pt.  or  rather  more  of  cnratalUsed  borio  add  (diiC 
»1t.  102): 

2H'B0«  +  3Pa»  -  3P0a«  +  B'0»  +  6HCI. 
In  either  case,  hydrochloric  acid  is  ^7en  off  aa  gaa,  and  ozyehloride  of  phoapbonu  ii  tb 
only  liquid  product  of  the  distilUtion.  The  oxychloride  is  also  produced  by  wausf 
oxygen  gas  mro  boiling  trichloride  of  phosphoruR ;  and  by  mixing  the  pestaealorids 
with  phosphoric  anhy<&idft :  P'O*  +  3PCP  —  5P0C1';  and  according  to  LantemaDO 
(p.  535)  by  heating  phosphoric  anhydride  with  dry  chloride  of  sodium. 

Oxychloride  of  phosphorus  is  a  colourless  fuming  liquid  baring  a  specific  gnrity  of 
17  and  boiling  at  110^.  It  is  decomposed  by  water  like  the  oxybromide,  yieldiiq^ 
hydrochloric  and  phosphoric  acids : 

POCl"   +   3H'0     -     3HC1   +   H»PO'. 
Like  penlachloride  of  phoapboma.  the  oxychloride  is  largely  used  for  prvparing  tits 
chlorides  of  different  radicles,  according  to  a  reaction  first  introduced  by  Oerhardt 
(he.  cie.) ;  with  acftaU  of  potasaiuiH  for  example  it  yields  phosphate  of  potaMva  aad 
chloride  of  a^'etyl : 

3(C»R«O.K.0l    +    POCl"     «     K*PO*   +    SCH'OCl 
(see  Chlorii>ks,  i.  897).     Heated  with  wetaliic  oxidat,  it  forma  a  metallic  chloride  tad 
phosphate.     Heated  to  100°  io  a  sealed  tube  with  oxychlorixU  of  chromium,  it  iwatfsin 
the  manner  shown  by  the  equation  : 
lOPOCl*  +    12CrO»CP    -     SCr'O'   +    6CrCi"    +    5PK)»   +    ISH*      (Caaselmaa.) 

With  aqwoxis  alcohol  of  ordinary  strength  it  forms  monoethylphoephoric  add,  a^ 
with  anhydraiLs  aloohol^  triethylic  phoepbate  (Scbiff,  Jahreab.  1867,  p.  10): 

POCl"   +   C»H\H.O    +    2HK)     -     C^\mPO«    +    3HC1  ■ 
and  POCl"   +  3(C»H».H.O)        -      (C»H*)*PO«    +   3HCL 

With  ammonia  it  forms  phoHpho-triamide,  according  to  the  equation  : 
POCl*   +   3NH»     -     ^Hi^"|N»  +   SHQi 
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and  Runilariy  with  CHiline  voAnapkthiflamine,  ityielditriphenjl-  and  triniq^tliylplKM- 
photriunide,  t,a, : 

(por  7 

POCl*  +   8(N.H«.C^»)     -     (C«H*)"J.N»  +  3HCI. 

H»    j 

Whan  added  by  drops  to  heated  zine-tthylj  it  acta  with  great  Tiolen<«  and  forma  a 
cotoorleaa  viscid  liquid,  solidifying  after  a  while  to  a  Titreoiu  ma^<i,  which  when 
treated  with  water,  yields  insolable  oxychloride  of  zinc  and  a  aolable  oompoand  ot 
fine-chloride  with  chloride  of  tetrethylphosphonium,  2P(C*H*)*CLZn''Cl«,  (Pebal, 
Ann.  Ch.  Pharm.  cxx.  194;  Jahresb.  1861,  p.  491.) 

Chmpounda  of  Phosphoric  Oxychloride  with  MetaUie  chlorides  (Casselman,  Ann. 
Ch.  Pharm.  xcL  241 ;  xcriii.  213 ;  Jahreab.  1864,  p.  360;  1866,  p.  282).— Oxychloride 
of  phosphorus  forms  crystalline  compoands  with  several  metallic  chlorides.  The 
aluminium-campound,  AlCl'.POCl',  is  obtained  by  heating  chloride  of  alnmininm  with 
cxceas  of  the  oxychloride  in  a  sealed  tube,  and  separates  on  slow  cooling  in  transparent 
colonrless  cxTBtalB.  It  melts  at  165°,  solidifies  in  the  crystalline  form  on  cooling,  boila 
at  a  heat  below  redness,  and  may  be  passed  in  the  state  of  vaponr  through  red-hot 
tabes  without  decomposition.  It  deliquesces  when  exposed  to  the  air,  and  dissolves  in 
water,  with  considerable  rise  of  temperature,  and  formation  of  alumina,  hjrdrochloric 
acid,  and  phosphoric  add  (Casselmann,  Ann.  Ch.  Pharm.  xeviii.  213;  JahresK 
1866,  p.  282). — A  magneeium-compound^  1A^'C\*.V0C\*,  is  formed  in  like  manner,  but 
very  slowly,  and  may  be  freed  from  excess  of  the  oxychloride  by  prolonged  heating  to 
160°  in  a  current  of  dry  air.  It  is  inodorous ;  deliquescent ;  is  decomp^ed  by  water 
like  the  preceding  compound ;  and  is  resolved  at  a  red  heat  into  chloride  of  magnesium 
and  oxychloride  of  phosphorus. — A  stannic  compound^  8n'*Cl*.P0Cl*,  is  produced  im- 
mediately, as  a  white  crystalline  mass,  on  bringing  stannic  chloride  in  contact  with  oxy- 
chloride of  phosphorus.  It  also  sepsrates  in  crystals  from  the  yellow  liquid  formed  on 
treating  the  compound  SnCl^.SCl*  with  oxychloride  of  phoephorua  It  has  a  peculiar 
odour,  melts  at  56°,  boils  at  180°,  and  if  protected  f^m  contact  with  moist  air,  distils 
over  unchanged.  It  fumes  in  the  air  and  is  de(»mposed  by  water,  yielding  stannic 
ehloride,  hydrochloric  acid  and  phosphoric  add ;  if  a  large  quantity  of  water  is  present, 
stannic  phosphate  separates  out. 

A  compound  of  phosphoric  oxychloride  with  chloride  of  zinc  is  produced  by  distilling 
the  two  substances  together  in  an  apparatus  which  allows  the  distilled  liquid  to  flow 
back  continually  on  ^e  fused  chloride  of  rinc ;  or  by  passing  the  vapour  of  the  oxy- 
chloride over  melted  zinc-chloride,  kept  at  a  temperature  below  its  boiling  point  It 
etdlects  in  the  receiver  in  rhombic  crystals. 

Oxychloride  of  phosphorus  does  not  act  on  ehloride  of  copper  even  when  heated. 
Mercuric  chloride  uowly  heated  to  100°  with  the  oxychloride  in  sealed  tubes,  becomra 
covered  with  colourless  crystals.  The  chlorides  of  potassium^  sodium,  and  barium  are 
converted  by  similar  treatment  into  gelatinous  masses. 


VBOBVBOmUVf  8B&BVZBB8  OF.  These  compounds  have  recently  been  in 
TestigHted  by  O.  Hah n  (J. pr.  Chem. xciii  430 ;  Bull Soc Ohira.  1866, ii.  20).  Berzelius 
showed  that  selenium  and  phosphorus  unite  in  all  proportions  when  heated  fc^ether 
{Gfndin's  Handbook,  ii.  242);  Bogen  (Ann.  Ch.  Pharm.  exxiv.  67) obtained pentasele- 
nide  of  phosphorus  by  heating  2  at  amorphous  phosphorus  with  b  at  selenium  in  a 
■tream  of  carbonic  uihydride;  and  Hah n  by  a  similar  process  has  obtained  the  com- 
pounds P^Se,  P'Se,  P'Se',  and  P'Se',  analogous  to  the  sulphides  of  phosphorus.  A 
known  weight  of  ordinary  phosphorus  having  been  dried  in  a  bulb-tube  in  a  stream  of 
h^lrcwen,  the  required  quantity  of  pulverised  selenium  is  added  and  the  mixttire  ia 
heatea :  combination  then  takes  place  at  temperatures  above  lOO'*,  attended  with  evo- 
lution of  light  and  heat. 

Scmlaelenldc  or  Sntiseleiildev  P^.—This  compound,  when  freed  from  excess 
1^  amorphous  phobphorus  (produced  by  the  heat)  by  distillation,  or  by  straining  through 
a  cloth  under  water,  forms  a  dark  yellow,  oily,  fetid  liquid  which  solidifies  at  — 12°,  and 
is  converted  by  heat  into  a  colourless  vapour.  When  dry  it  takes  fire  immediately  on 
coming  in  contact  with  the  air ;  it  is  also  set  on  fire  by  red  fuming  nitric  aci^  In 
water  containing  air,  it  becomes  covered  with  an  opaque  crust,  and  is  partly  decom- 
posed, the  water  taking  up  phosphoric  acid  and  a  selenium-compound.  It  diMolvea 
easily  in  sulphide  of  carbon,  but  is  insoluble  in  alcohol  iind  ether,  by  which  it  appears 
to  be  decomposed.  It  is  not  attacked  by  cold  alkaline  solutions ;  but  when  boiled  with 
them  it  is  decomposed,  with  evolution  of  phosphoretted  hydrogen  and  formation  of  a 
selenide  and  selenite  of  the  alkali-metal.  In  solutions  of  metallic  salts  it  becomes 
covered  with  a  crust  of  metallic  phosphide  and  selenide.   - 

Vroto««l«iild«  or  yb^spboms,  P^,  is  at  ordinary  temperatniea  a  K^V  -t«^ 
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•oliO  body,  which  sublimes  wh#n  heated  and  bonit  when  aH  on  txt  with  a  briflit 
flAm<^  and  red  smok«.  It  w  permanent  in  dry  air.  but  deoompoiws  in  naUt  air,  pn^ 
off  aelenide  of  hydrogen.  It  »  insoluble  in  alcohol  aod  ether ;  aalphide  of  -  -^ 
abstracts  from  it  variable  quantitips  of  phosphorua.  Boiling  potaab-ley 
it,  vith  pvoluliun  of  Bclenh.ydric  acid,  and  ^^ma^0D  of  a  red  nbst&nor 
both  phosphorus  and  Beleoium. 

Metallic  Stltniokppophosphitrt. — By  carefully  he&ticg  dry  mixtures  vHpo- 
toselenida  of  pboffphorofl  and  a  fttDtallic  selenide  ia  equiTalentproportioni^  at^ah^ 
salts  an  obtained  haviag  the  general  formuhe  M*Se.P^  orMPSe*  and  BCSswF^  « 
M'T'Se*  according  to  the  fttomiciiy  of  the  metal. 

the  poUuurufn'Malt,  KPSe,  is  white  iind  permanent  in  dry  air;  in  moist  air  it  n- 
hales  Bclenhydric  acid,  and  becomes  corered  with  a  red  cnut.  With  d^^aerated  »itif 
it  forms  a  solution  which  quickly  decomposes,  with  evolution  of  selenhjdric  acid, 
rution  of  seleniam,  and  formation  of  potassic  phosphate.  It  diasolrea  with  p 
decofflposilioD  in  absolatn  al«>hol.  and  cannot  be  crystallised  from  this  solution.  TV 
alcoholic  solution  added  to  sulutionn  of  metallic  nits  haring  an  alkaline  mUiwi, 
throws  down  easily  dccomposible  preeipitates  consisting  of  metAllic  flelenio-bypopkoi- 
phates;  the  precipitates  formed  in  like  manner  in  acid  solations  contain  rahsUt 
quantities  of  metallic  selenide.  Protoselenide  of  phosphorus  fused  with  2  at,  t^loidi 
of  potassium  forms  a  red  substance  which  when  heated  with  alcoholic  solntian  d 
putsnh,  gives  np  selenide  of  potassium  and  leaves  the  white  compound  KPSe 

The  seleniohypophoj'phiteB  of  sodium,  Aarfhm,  irttn,  inangancse,  lead,  copprr,  and  id* 
twrare  obtained  in  the  pjirae  manner  as  the  potassium-salt  The  preparation  of  tho^ 
containing  the  heavy  metals  is  dangerous,  unices  small  quantities  only  are  op«nt«) 
upon;  Urger  qunntitiee  take  flre  eren  when  briskly  rubbed  in  a  mortar.  The  Mleu» 
hypopboephites  of  the  heary  metals,  with  exception  of  the  manganous  salt,  app  tttj 
■table,  decomposing  only  at  high  temperatures.  They  all  dissolve  in  nitric  add:  od; 
the  manganous  ault  in  hydrocliloric  acid.  They  sre  slowly  decorDpo«ed  by  boihni 
alkMioe  i»olutionH. 

Trlaelenlde  of  Vhospborua  or  Phoapfaorona  Selenide.  P*S'. — This  «i»^ 
pound,  analogous  in  composition  to  phosphorous  oxide,  is  a  solid  body  of  a  dark  rahj- 
red  colour,  and  having,  when  pulverised,  the  aspect  of  amorphous  rbocphoms.  Wbio 
heated  it  is  converted  into  a  yellow  vapour  whtcli  condenses  in  films  of  rerr  rsfiea 
colour,  &om  light  yellow  to  rery  djurk  red.  It  bums  in  tht^  air  irith  a  feeble  oamssad 
red  smoke ;  oxidises  slowly  in  moist  air ;  and  gives  ofT  selonhvdric  acid  when  toil^il 
with  water.  It  is  insoluble  in  alcohol,  ether,  and  sulphide  of  carbon,  Kut  duvh* 
easily  in  caustic  potosh-lfy,  less  easily  in  alkaline  carbonates. 

SeteniopAotpkites,  2JnSe.P«Se«  =  M't^Se*  or  2M"S?J>«e*  -  IPPflt* 
according  to  the  atomicity  of  the  metal.  When  1  at  phosphorotu  selenide  is  faa^ 
with  2  at.  of  a  metallic  selenid^  compounds  are  formed  which  appear  to  be  of  definilti 
oonstitution,  inasmuch  as  if  a  larger  proportion  of  the  phosphorous  selenide  be  osel, 
the  excess  may  be  extracted  from  the  fbsed  mass  by  solvents,  leaTing  a  residue  hariag 
the  above  compocition. 

The  potMsium'taJi,  K*P'Se*,  is  yellow,  very  hygroscopic,  and  dscomposible  by  wat«r . 
soluble  in  a  mixture  of  alcohol  and  ether,  Jess  soluble  in  pure  alootiol  or  pars  cth«r, 
any  excess  of  phosphorous  selenide  re^mainin^  andiasolved.  The  solations  fcrnn  with 
the  salts  of  the  heavy  metals,  unstable  precipitates  of  the  corresponding  metallic  6a»- 
pounds. 

The  yellow  aodium'ttUt  imd  the  light-red  barium^aalt  bare  been  prepared  liydirsR 
combination  in  the  dry  wav :  also  the  vtanganrsr-salt,  Hn'P'Se*,  toe  <N^;»r<-sc^ 
Cu'P'Se*  the  lead-salt,  Pb»P*Se*.  and  the  iHver-^alt,  Ag<P^*,  which  are  dark  yelloir 
amorphous  and  tolerably  stAble  substances,  dissolved  or  decomposed  only  hy  red  ftuniQ^ 
Bitric  acid,  excepting  the  manganous  salt,  which  is  dissolvea  also  by  boiling  bydn>^ 
chloric  acii 

Pentaaelenlde  of  nio*plioma«  Ptioapliorle  Scleniae*     P'Se*. — This  eoo- 

pound,  analogous  in  composition  to  phosphoric  oxide.  i>i  more  diffii^ult  of  preparation 
than  the  preofding  ;  it  is  necessary  to  u«e  very  finely  diridf*l  selenium,  prepared  br 
precipitation  with  sulphurous  acid,  and  to  mix  the  substances  xery  intimately  Inr 
exposing  tiiem  in  a  glass  tube  to  a  heat  just  sufficient  to  melt  the  phosphorus  befoit 
subjecting  them  to  n  strong  beat.  It  is  solid,  dark  red,  permanent  in  moist  as  well  m 
in  dry  air,  but  decomposes  when  distiUed.  It  is  insoluble  in  sulphide  of  carbos; 
decomposed  by  potash-ley  even  in  the  cold. 

5e/f»iopAo«;)Aa/e».  2M»3eP»Se'  -  M•FSe^— Pentasulphide   of  selenios  tike- 

"  Analnfniuttn  hrr'*^^^^*'  aDhrdrpui  hrrAphotphllM,  MPO  or  WO.  P»0  fp   5H). 
t  Aiulogout  to-hypsUiUtcaluhydreui  pboiphtlci,  M^P'O'  or  iM'O.P^O*. 
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vi«e  unitw  with  muUUic  fteleoides,  appanmtly  fonning  aolU  aoulogout  in  coropottition 
to  the  pyrophotfphHteB ;  but  they  are  very  mutable  and  their  compoeition  cannot  be 
regwdrd  lu  deflnitiTely  ertublished  The  pota4$iumsaJt,  K*P^',  in  durk-colour«l, 
deliquncont,  and  immwJiately  decomposed  by  irat^r,  alcohol,  and  ether.  Hence,  when 
Added  to  solutions  of  metallic  sutui,  it  forms  predpitates  consisting  merely  of  mftalli« 
pboffphide  and  solenide.  Similar  remarks  apply  to  the  undiutH-Mlt  and  to  the  harium* 
salt,  which  is  of  a  light  brick-red  colour. — The  copjurrsalt^  Ca'P^^  and  the  eilocr-»aU, 
Ag^P'Se',  are  black,  with  metallic  lustre,  permanent  in  the  air,  and  learo  metallic 
pho«pbid(«  when  ignited ;  they  are  diHSoIved  only  by  fiuning  nitric  acid.  The  Uad-taU 
U  black;  the  manganeAc-aaU  light  rod. 

FBOSPH0B.V8.  SirXiPHSBEB  OF.  When  ordinary  phnephnmR  and  imlpbtir 
iirp  hfutid  togither  in  the  dry  state  or  mftlt4*d  together  uuder  water,  combination 
tnkea  place  beiw»(.Mi  them,  attcndnl  with  virid  corabufltion  and  often  with  riolont 
explosion.  When  umorphou*  phosphonus  is  u«ed,  the  reaction  ii  not  pxplosire  thomgh 
•till  very  rapid. 

Six  aiffemnt  eomponnds  of  snlphur  and  phosphonin  have  been  obtained,  namely 
P*S.  P»9,  PVS'.P'S",  P«S»  and  P»S'V  the  ftrrt,  wwnd,  fourth  and  fifth  being  analogous 
to  the  selenide  above  dp«erib«d.  They  may  all  V»e  formed  by  healing  the  two  hoAv'% 
rog**tber  in  the  required  proportions:  but  thf  trimilphidc  and  p^ntasulphide  are  more 
easily  prepared  by  warming  the  protosulphide  with  additional  pro|>ortion«  of  sulphur. 
Moreover,  the  two  lower  Kutphid^'S,  P«S  and  P^,  exhibit  isomeric  modifications,  each 
Iwing  cftpablp  of  existing  as  a  colourlese  liquid  and  as  a  red  eohd.  Th^  proto-,  tri-  and 
p  ntAJiiulphides  of  phoephorus  unite  with  metallic  sulphides,  forming  sulpbur-Mlta 
imiilogous  to  the  selenium-salta  above  described.  Onr  knowledge  of  the  sulphides 
*«f  pliosphonis  is  due  chiefly  to  the  researches  of  Berceliut.  {Traiti  de  Chtntir, 
Paris.  1845,  i.  816  ;    (rtnciin's  Handhfjok,  ii.  209.) 

Hemlanlplilde  or  Babsiilpblde«  P^.  Bjfpo^uljide  pUo»phorfux.  PkoapMoraut 
fitrrt.  tt.  Coloiirlews  liquid  modification. — This  modification  ii  prepared  b^ 
mt'lting  4  at.  phosphorus  and  1  at.  sulphur  under  hot  water,  or  ty  heating  Ihera  in 
Ibp  dry  atate  in  a  si^iiled  tube  to  about  90°,  after  the  oxygen  of  the  enclosed  air  hoa 
btreu  taken  up  by  the  phosphorus ;  also  by  digesting  phosphorus  in  an  alooholic  sututiun 
of  potasbium-pirsulphide  (liver  of  sulphur). 

The  product  thus  obtained  is,  at  ordinary  lemporatorea.  a  transparent,  coIonrl»»!'« 
liquid,  haring  the  conaiatfnco  of  a  fixed  oil.  At  u  few  dcgvce  below  0°  it  foliditiei*. 
foiTTiing  a  raosa  of  slender,  colourless  cryst^ils.  It  fumes  in  the  air,  and  rxhab's  the 
odour  of  phoapboruH.  In  on  atmosphere  free  frum  oxygen,  it  may  be  diatilled  nntboul 
nlleratiou.  It  readily  takes  fixe  in  the  air,  particularly  when  absorbed  by  porous  bodieh. 
It  is  insoluble  in  alcohol  and  ether;  but  the»e  liquids  are  gradually  altered  by  it, 
i-vcn  out  of  contact  of  air,  and  the  new  products  dissolve  in  the  liquid,  while  the 
remainiug  sulphide  undergoes  no  alteration,  but  merely  diminishes  in  volumn.  Oils, 
botlb  fixed  n.nd  volatile,  dissolvo  it  in  small  quantity :  the  bolution  shines  in  the  dark, 
snd  gives  off  slight  fumi«  when  in  contact  with  the  air.  SubaulphiJe  of  [tho*phorus 
diHsulvi>?i,  with  the  aid  of  heat,  an  udditional  quantity  of  pho^borus,  but  df'poeits  it 
ugain  in  the  furm  of  rhombic  dodecshc-dronii  on  cooling. 

It  may  be  pre«en'e<l  without  alteration  in  a  bottle  filled  \vith  boiled  water  and  Well 
corked;  but  in  water  impregnated  with  air,  the  phosphoniH  gradually  oxidises  and  is 
converted  into  phosphoric  ucid;  hence  the  liquid  acquit-es  sn  acid  reaction.  When 
boiled  with  water,  it  slowly  exhales  sulphydric  acid.  -When  digested  in  solntinn 
^(potash  or  mda,  it  yields  a  phosphate,  sulpnydrute,  aud  polysulphide  of  the  alkali- 
metal;  and  there  finally  remains  a  quantity  of  phosphoruB  firee  from  sulphur,  which 
frolidifics  on  cooling. 

/J.  Red  Modification.  Formed  when  the  preceding  substance,  or  the  liquid  pro- 
toimlphide  of  phoitphorus,  is  gently  heated  in  contact  with  an  electro -positive  metallic 
sulphide.  It  u  be«t  prepared  as  follows : — A  layer  ot*  anhydrous  carbonnte-  of  sodium 
two  inches  thick  is  placed  in  a  tube  six  or  eight  incb  .t  long,  and  a  quantity  of  liquid 
protovulphide  of  phoeiphorus  poured  upon  it,  drop  by  drop,  till  tho  carbonate  of  sodium 
w  slsghrty  impn^gnatea  with  the  liquid  throughout.  The  tube  is  then  elosed  with  a 
corkf  through  which  a  pus-deUvf>iy  tube  posses,  and  immnrevd  in  a  sand-buth,  to  suoh 
a  depth  that  the  level  of  the  sand  may  be  u  little  above  that  of  the  salt  within  the  tube. 
The  Hand-bntli  is  raised  to  a  temperature  stifficient  tn  maintain  the  water  in  a  vessel 
placed  be»tide  the  tube  in  a  state  of  constant  ebullilion.  On  withdrawing  the  tube 
from  the  sand  fi*oin  time  to  time,  it  is  found  that  the  niii>5  first  turns  yellow  without 
fusing,  aud  afierwanls  ii*«ume»  a  reil  wlonr,  which  mmmences  at  the  bottom,  and 
gradnH.lly  exteitdi-  itself  npwurtU,  inrrcaning  at  the  sumft  time  in  inlensily.  Above 
the  saline  luuiia  Lliere  ]>  depusiled,  on  th^  bidej-  uf  the  lahei,  a  spontaneoualy  inflam- 
miible  suHimste  of  phoiqih»rons  iiuliydridc,  formed  Hi  the  expense  of  the  uir  alrvady 
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contained  io  the  tube,  vid  of  that  irhich  eaten  slowly  and  Insexunblj  throo^  t^  pp. 
delirf  ry  tube,  ka  iooD  m  the  red  colour  ceaips  to  spread  any  foriher,  the  tsbr  ii  vn^ 
I  drtwn  from  the  gand-bftth  and  left  to  eool.  WTien  prfectly  cold,  it  moet  b«  arnrtehM 
vith  n  file,  a  liiM  or  two  below  the  appor  limit  of  the  red  tint»  then  brolces  «t  t]k4 
pointy  asd  the  two  enda  immediately  thrown  into  vatnr,  as  the  surfacea  of  the  mBm 
moaa  woald  take  flr^  instantly  on  coming  in  contact  with  the  air.  The  wat«rdi«ohw 
<rat  a  qnantity  of  aulphophospfaite,  phosphate  and  carbonate  of  aodiam,  while  a.  ni 
powder  in  left  behind.  This  is  to  be  well  washed  with  cold  water  prerionaiy  fmd 
from  air  by  boiling,  and  then  left  to  dry  on  the  Alter  placed  ap«n  fut«ring  pneM 
absorb  the  moistare.  The  powder  thns  obtained  is  the  i^  hemiffulphide  of  phovpooraL 
To  insore  bucccsd  id  the  preparation,  it  iff  neceaa&fy  to  use  the  exiurl  proporuoof  rf 
alkali  and  sulphide  of  phosphorus  roquireU,  and  to  aroid  the  application  of  too  gm 
a  beat.  If  the  quantity  of  protOBulphide  is  too  small,  phosphonu  is  set  free ;  and  *^ 
it  is  too  great,  other  red  componnds  are  produced  containing  less  phoaphoru.  If  lU 
temperatore  rises  too  high,  the  mass  bloduna  without  fiuing ;  the  phusphoma  trdam 
the  carbonic  arid,  and  a  quantity  of  charcoal  10  obtaine<C  impre^:iuied  with  pboi- 
pboma  and  mixed  with  phosphate,  raetaphosphate,  and  pervulphide  of  sodium. 

Red  mbaulphide  of  phoepborus  in  a  erystaUine  opaque  powder  of  a  baaosiM 
deep  Termillioo -colour.  It  has  neither  taste  nor  smelL  Heated  in  a  aviaU  £» 
tillatory  apparatus  filled  with  hydrt^n  gaa,  it  Tolatiliaea  without  Auiog.  aad  cb»> 
dcuBos  in  tho  receiTer  us  eoloorleas  liquid  subfrulpbide,  but  this  change  does  DOt  bk 
place  till  the  U'raperatmr  is  raised  abore  the  bc-ilins  point  of  the  latter.  Pmc  aitix 
acid  of  density  1*22  has  no  action  on  this  compouna  at  fint;  but«  after  a  oertain  tiat 
the  Bubsulphide  dissolres  suddenly  and  with  great  riolence.  By  leas  ooneenteited 
nitric  acid,  it  is  not  attacked  without  the  aid  of  heat. 

Vrotoanlpbide,  P^. — StUphohypopkotphoric  add.    Hifpm^fidf  pMomhcriijMt.  V*- 

t^rphosphorigu  Svijid.  PhoJiphorsuiJur.  a.  Colourless  liqnid  moaificatioiL— 
Prepared  by  fuuing  tc^Dtbcr  one  atom  of  sulphur  aud  two  atoms  of  phocphonu,  in  ihi 
aame  manner  as  in  the  preparation  of  the  subeulphide. 

It  is  a  transparent,  yellow,  strongly  refractire  liquid,  not  rery  mobile  ;  has  a  etna| 
and  repulsive  odour,  recalling  that  of  phoaphoroos  acid  and  of  chloride  of  « '  * 
It  may  be  distilled  without  alteration  in  an  atmoephere  free  from  oi^^n. 
colourless  in  the  gaseous  slate.  At  a  certain  number  of  degrees  below  0^  it 
flea  and  forms  a  colonrleas  mass  of  small  interlaced  crystals ;  bat  its  crysti 
point  is  lower  than  that  of  the  subsolphide.  It  fumes  in  the  air  and  is  luminous  in 
dark ;  likewise  emits  light  when  rsporised  in  nitrogen  or  bydrogpn  gaa  &ae  fitv 
oxygen.  It  adheres  strongly  to  dry  solid  bodies:  if  a  small  quantity- of  it  getaattaefasd 
to  the  fingers,  it  cunnot  be  removed  by  water,  eren  with  the  aid  of  aoap,  uil«Btk 
skin  be  previously  mbbtn]  with  oil.  It  takes  Hro  easily*  in  the  air  at  a  slightly  aUmtsd 
temperature,  burning  with  a  bright  flame,  like  that  of  phosphons,  and  emitting  i 
thick  smoke.  It  does  not  take  fire  apontaneonaly  when  a  drop  of  it  ia  let  fall  oe  a 
soUd  body;  but  when  absorbed  by  a  porous  bodj  and  exposed  to  the  air,  it  soca 
becomes  heated  and  takes  fire. 

Dcconipositiont. — 1.  When  nrolosulphide  of  phosphoms  erapomtea  slowlr  in  a  eoo- 
fined  space  (as  a  bell-jar)  filled  with  moiiit  uir,  which  is  slowly  out  continuaUjre&ewvd. 
it  is  cunvf^rted  by  oxidation  iuto  sulphuric  and  phosphoric  acids,  which  are  depoaitcd 
in  the  form  of  aqueous  solution  on  the  sides  of  theTessel  and  around  the  liqoiditMlt— 

2.  In  a  limited  atmosphere  of  diy  air  slowly  and  conrinually  renewed  (aa  in  a  glass  ts^ 
imperfectly  closed  by  a  cork)  it  is  gradually  converted,  in  tlie  course  of  tbms  weekSv  into 
phosphorous  anhydride,  which  forms  a  wnite  mass  in  the  upper  part  of  the  tube,  isd 
takes  fire  on  rfmo\*iiig  the  cork« — persulphide  of  phosphorus  (p.  605),  which  crystalliMS 
at  thf»  bottom  of  the  liquid, — and  a  brown  substance,  which  collects  on  th'*  eideeof  Chf 
tnbe,  in  a  layer  of  contiDuallv  increasing  thickness,  and  is  resolved  by  digestion  in 
water,  into  phosphoric  and  Bulpburic  acids,  and  bydrated  suboxide  of  phoaphoraa— 

3.  Placed  in  a  tube  imperfectly  closed  by  a  cork,  and  heated  in  a  sand-bath,  it  ia  qob- 
verted  into  a  white,  spontaneaiisly  inffummable  mass,  consisting,  for  the  most  par^of 
phosphorous  anhydride.— 4.  Water  has  but  very  little  ai^tioo  on  thia  liquid.  UDdcr 
de-aernt'ed  water  it  may  be  kept  almost  unchanged;  in  water  containing  air  it  «aut« 
after  a  while  the  odour  of  sniphydricacid,  and  deposits  finely  dirided  sulphnr.~6.  With 
alcohol,  ttkcr,  and  oi/a,  both  flx«*d  and  volatile,  it  behaves  like  the  sabsolphide. — &  It 
is  decomposed  by  digflstiou  with  cauatic  alkalis,  the  product*  being  a  j^ '  *  «il- 
phydrat*.  and  polyHulphide  of  the  alkali -metal. — 7.  When  it  is  heated  p-  it«t 
with  a  inttallic  sulphide  in  un  atmosphere  free  from  oxygen,  g^Ht  heat  '.--  .  .-■<;.  v;,  u/d 
a  considerable  portion  of  the  lifjuid  dintila  over  with  almost  explosive  violence :  at  tb» 
aame  time  a  snlphohypophosphite  of  thn  nrntal  ia  produced  in  which  the  sulphide  of 
phosphorus  exists  in  the  red  modification. — 8,  On  digesting  thia   compound  vitb 
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met&Uic  solntioDi,  fulphidea  of  the  metal  contAiDiDg  Tariable  quantities  of  solpboliypo- 
Bulphiu  (LTu  Blowly  deposited,  the  Tarintion  in  the  resoltfl  ansing  £rom  oxidatioti  of  the 
pboffphoros  at  the  expense  of  the  metallic  solution,  the  quautity  ihua  oxidised  depending 
npou  the  temperatore  and  the  concenTration  of  the  solutioa.  From  solutioDS  of  easily 
reducible  metaU,  such  as  jrtVewr,  nofhinp  but  a  sulphide  of  the  metal  is  precipiiat«d. 
Copper  giTCfl  a  precipitate  of  sulpliohjpophosphite.  With  amrooniacal  eolation  of 
cuprottf  chloride,  a  dark-red  precipitatp  is  obtained,  rewmbling  cuprous  oxide. 

0.  Rod  Modification.  Obtained  by  decomposing  salphohjpophosphite  of  man- 
gaocse  with  bjrdrochloric  acid: 

Mn"3.I«S   +    2ECi     -     Mn^CP   +   H'S   +   I»S. 

It  is  an  orangf'-coloared  povder,  inclining  to  jellow,  tasteless  and  inodoroas; 
unalterable  l>oth  in  air  and  water.  By  dry  distillation  it  is  conTerted  into  the  liquid 
proUisulphide,  without  prenous  fusion.  It  assumes  a  darker  colour  when  beat^,  but 
regains  its  origioal  tint  on  cooling.  Takes  fire  in  the  air  at  a  t«mp«ratnre  near  100^ 
and  bums  with  a  very  bright  flame,  rraitting  a  thick  smoke. 

When  it  is  digested  in  cxceiw  of  strong  causbc  potash  at  ordinary  temperaturea, 
phoflphorettcd  hydrogen  gas  of  the  less  iuflammahle  Tariety  is  disengaged,  and  the 
alkali  di!W>lvc«  small  quantiti^i-fl  of  phosphoric  acid  and  tri^ulphide  of  phosphorus.  On 
the  application  of  heat,  the  whole  is  dissolved,  yielding  tlie  same  products  as  die  liquid 
modificRtion  (p.  600).  Caustic  ammonia  dissoWes  it,  but  not  witnont  great  difficulty, 
forming  a  ycUow  solution. 

Sitiphohtfpophosphitc9,  Sf^.P'vS  or  JTPS.  - -Protosulphide  of  phosphorus  unilea 
with  melAllic  sulphideft,  forming  compounds  analogous  to  the  seleniobypophosphitcH 
(p.  598).  They  may  be  formed,  as  above  mentioned,  either  by  precipitation  or  in  the 
dry  way ;  but  the  lattor  method  affords  much  purer  products  than  the  former. 

Cupric  salt,  Cu'P'S'  =»  Cu'S.F'S. — To  pr^par**  this  com  pound,  precipitated  stdphide  of 
copper,  dried  by  gentle  heating  in  aetn^am  of  snlphydricaoidgafl,  is  moistened  with  liquid 
protosulphide  of  phasphorua  in  a  tube  having  two  bulbs  blown  on  it.  On  applying  a 
gentle  beat,  combination  takes  place  attended  with  great  risp  of  temperature,  and  the 
greater  part  of  the  {>xces-^ofprotosuLphidedisti]soff:  the  rest  may  be  expelled  by  SK^ntls 
heat.  The  K'niainiug  cuprie  8n1phohypopho<$phite  is  a  black*brown  mass  yielding  a 
lighter  powder  by  trituration^  and  usually  containing  a  little  admixed  sulphide  of  copper. 
It  dia<K>lvefl  slightly  in  boiling  hydrochloric  acid,  and  is  oxidised  and  diwiolved  by  nitro- 
murintic  acid.  By  distillation,  it  gires  off  a  small  quantity  of  liquid  ppolosulphide  of 
phosphorus,  then,  at  an  incipient  red  boat,  a  sulphide  of  phosphorus  eontuininga  largo 
proportion  of  sulphur,  leaving  liver-coloured  cuprous  aulphohypophosnhite, 
Cuvs.P'S  or  Cu'PS.  This  latter  compt:)und  cannot  be  obtained  by  direct  combination 
in  the  dry  way.  It  in  produced,  however,  by  the  action  of  the  liquid  protosulphide  oi 
un  ammoniacul  twlutiou  of  cuprous  chloridv.  It  is  not  altered  by  geutle  ignition  in  a 
cloM  vesstil;  hut  wb<?n  heated  in  contact  with  the  air.  it  boms  without  flame,  giving 
off  snlphurouff  unhydride. 

Ferrous  aai(,  1*V8.E*S  «■  Fe'*P*S'. — Prepared  in  the  aom^  manner  as  the  cupn'o 
Bait,  using  artificially  prepared  snlnhidc  of  iron  in  the  state  of  fine  powder.  Il  ia 
a  coul-black  powder  gpnerally  containing  a'titUo  salpbophosphile  of  iron. 

Manganoux  safi,  Mn*P*S^  =  Mn''S.P'3. — Prepanxl  lika  the  copper-ealf.  It  is  green, 
lightrr  than  miingauuus  sulphid'%  is  completely  deoornposed  by  dry  dit>tillatioD,  and 
bums  in  the  air  with  a  atronc  phosphoruti-flame.  It  is  ddcoroposcd  by  boiling 
hydrochloric  aciJ,  mnnganons  sulphide  dissolving,  and  protosulphide  of  phosphorus 
remaining  in  tlic  red  modification. 

Mercuric  salt,  Hg''S.P'S. — Finely   divided   cinnabar  unites  at  a  gentle  heat  with 

Spotosulphidc  of  phosphoni«.  and  iifler  the  excess  of  the  latter  has  been  removed  by 
istillntton  in  a  stream  of  hydrogen,  there  remains  a  din^  rod  mass,  yielding  a  yellow 
powdor.  It  is  easily  decorapo-ied  by  a  Ktronger  heat,  withliberation  of  metalUc  mercury 
and  formation  of  a  yellowish-white  powder  (p.  6(J3).  A  basic  salt^  2Hg^S.P^.  ia 
obtained  by  beating  mercuric  sulphophoRphite  (p.  603) in  a  retort. 

Siifrr-salC,  Agl^  or  Ag'S.P'S. — Formed  when  spongy  silver  (obtained  by  reducing 
the  chloride  with  silver  iu  the  wet  way,  exhausting  the  mass  with  cold  hydrochloric 
acid,  und  waf^hinft  with  wntcr)  is  treated  with  protasulphide  of  phoKphoms  at  a  gentle 
heat.  Combinatitm  then  takes  pluco  with  some  violence,  and  sulphohypophoaphite  of 
fiilver  is  formed,  toget  tier  with  a  higher  sulphide  of  phoephorua,  which  must  be  removed 
by  distillation  in  i  sUvum  of  hydrogen.  The  silver-sulphohypophospbite  may  also  be 
obtained,  mixed  with  a  largp  quantity  of  silver-sulphide,  by  warming  the  latter,  recently 
precipitated,  with  liquid  protosulphide  of  phosphorus,  &sid  treating  tho  mixture  with 
warm  nitri?  acid,  which  aiasolve*  only  the  uncorabined  fiulphide  of  silver.  The  com- 
pound ia  black,  hv>  yields  by  trituration  a  diirk  brown  powder  with  a  tingo  of  violet. 
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By  dry  diitUlarion  it  becomt^  semifluid  nod  iwells  up  stroi^jr,  the  snlpfaiik  oC  pk» 
pQonu  Masmg  ovtr  and  the  sulphidei  of  flilrer  remaimng.  The  corapoQud  b  wmiy 
HttACked  by  hot  nitric  add. 

Tritosutphidf  of  Phosphor  u§.  VS.— This  Bvibttunee,  which  mmy  b«  |«prM 
M  »eomponnd  of  the  bomi-  and  proto-snlphidea,  (P'S  +  P'S  =*  2P*S)  i*  pnfa^M 
follovB.  Pn-cipitat«d  lulpbido  of  sine  is  treated  with  liquid  protoea}plu4t  cf  pW 
phoras,  AS  in  uie  pnpimtiOD  uf  sulpbohjpopbonphite  of  copper,  wbofkj  it  a  «»• 
Tcrtcd,  flnt  into  jeuow  «alpbobvpophosphit«  of  zinc,  and  afterward*  into  i  nd 
compound  ooosiflting  of  (Zn*S.P*S).(Zn"S.P*S) ;  und  on  trf*at-ing  this  comMuii  «iik 
Btroog  hydrocblorio  acid,  snlphide  uf  Einc  diuolrrs,  and  the  tritcmulphidtf  c^pha- 
phonu  ivmaimi  in  the  fbnn  of  a  bhfcfal  red  powder,  liuiti>lei«,  inodoroos.  andjD«rnMra 
in  the  air.  It  take*  fire  at  aboat  50^,  bnraing  with  it  pboi!>phoru8-6ame  wboBiBt^ 
mittad  to  dry  distillation,  it  tLcat  tanu  bl&ck,  then  distils  withoat  pnmona  fasum;  tW 
^diiilillate  cootains  the  two  liquid  snlpbidee  P*S  and  I^,  pi*rhdpe  combined  with  us* 
another.  Cold  potaab-ley  decompoiteK  the  componnd,  with  evolntioa  of  the  Um  a 
flammable  ruriety  of  pbo^pborftted  hydrogen. 

gaaqn  taalphtrt  a  of  Vhoaptaonu,  P*S*. — Thia  eomponnd  ia  prodooed  by  hftia^ 

1  at.  salpbur  with  2  or  more  atoms  of  amorpbooa  phosphorus,  aad  may  be  &eed  from  tv 
i'*'fi«  of  the  latter  by  solution  in  sulphide  of  carbon,  whence  it  ciystalliaee  in  yeUow*^^ 
rhombic  prisma  of  81^  30'.  It  melts  at  142°  to  a  reddish  mass,  aod  aublimesat  "* 
fonni)  belonging  to  the  r^ular  sysU^m :  hunoe  it  is  dimorphous.  It  is  raon 
»tiIphi(lL-  uf  cnr[K>n  tlian  sulphur;  slightly  soluble  in  trichloride  oud  suIphochl< 
1  phosphoruti;  dimolvf^s  also,  but  with  deoompositioa«  in  alcohol  and  ether.  It  is  , 
iipnt  in  the  air  at  ordinary  tomp'nttnres,  and  in  cold  water,  and  is  but  slowly  decooM^ 
by  hot  water.  Hosted  in  the  uir  to  al>out  lOO'^  it  takes  fire.  It  dissolves  in  ooU  sSsip 
nitric  acid«  leaving  a  little  nulpbur;  completely  in  oitromohatie  add  and  iaefabrisp- 
Vftt^r.  It  dissolvet  in  sulphide  of  potassium  or  sodium,  probably  forming  dcftuu 
compounds.  It  is  decompofied  by  aqueous  potash,  giving  off  hydx^sgyn  and  phoaphdrt0i4 
hydrogen,  and  forming  sulphide  and  phosphite  of  potassium.  Heated  to  200^  wnk 
hydraU>oflesd  it  forms  sulphide  of  load.  (O.  Lemoine,  BuU.Soc.  Chim.  1864,[lJ<or) 

Trlsnlphlde  of  PhoaphonUf  P9. — Sulphtfphatpharous  acid.  Pi 
sulphide.  Sii^pdf  jihn^phorcux.  Phosphonulfid. — DiacoTeped  by  SerallaSi 
tained  it  by  the  lulion  of  sulphydric  arid  on  trichloride  of  phosphorus,  bat 
further  examine  it.  Berselius  preparKl  it  by  thefoUowingmethoda:  1.  Bed  pRto- 
sulphide  of  phoflphorus  is  mixed  with  the  qunntity  of  sulpbur  required  to  egovert  tk 
into  the  triaulphide  (1  at.  P'^  to  2  at  S),  and  the  miatnre  is  heated  in  a  smail  ncoft 
The  heat  evolred  at  the  moment  of  eombination  ia  so  great,  that  a  small  portion  of  th* 
mass  is  Tolatilised  with  violence.  The  whole  then  fuses  uniformly,  snd  nhimstelj 
snhtimes  in  the  form  of  a  transparent  crystalline  substance  of  a  pale  IrmonyfUo* 
colour.  If  the  distillation  be  lotcmipted  before  the  whole  is  vcdatilised,  the  an* 
sublimed  portion  retains  a  reddish  colour  while  hot,  but  on  cooling  acqoires  tbi>  mm 
ruloi]r  AS  the  suUlimed  portion. — 2.  One  atom  of  sulphohypophospbita  ot  manganv*  ii 
intinutoly  mix^d  with  2  atoms  of  sulphur,  and  the  mixture  heated  in  a  mall  retort  la 
an  atmosphero  free  from  oxygen,  till  nothing  but  protoeulphide  of  ma&gasas*  rcmaisu: 
trisniphiae  of  phoephonu  is  then  obtained  in  the  form  of  a  sublimatA  : 
Mn-S.I«S   +   S«     -     Mn"S   +    P»S». 

If  II  snIphohjpophoBphite  be  employed,  the  base  of  which  does  not  so  readily  p«v 
op  its  f^ulphcr-recid— the  siJver-SAlt  for  example  -  only  half  of  the  tiisnlphide  d 
phoflphoru.<«  subliroeSt  while  the  rest  remains  in  combination,  in  the  form  of  ttigh^ 
phosphite  of  silrer. 

KeknlS  (Ann.  Ch.  Pharm.  xc.  310)  prepares  this  eomponnd  by  carefully  fung 
amorphous  phoftphorus  with  the  requisite  quantity  of  sulphur  io  an  atmospbassf 
carbonic  anliydrirln  ;  combination  then  takes  place  without  explosion,  but  ncTcrtbrliai 
with  great  rUe  of  kmperature,  so  that  part  of  the  product  is  sublimed. 

Trisulpbide  of  pho^phurus  is  a  solid  substanoe,  of  a  pale  yellow  colour.  After  ftaioo 
or  sublimutiou,  it  remaina  soft,  ^^  pliistic  sulphur,  and  does  not  become  opaque  tiUtt 
hardens.  It  mclis  at  2iMi°  (Lemoine)  and  sublimes  at  a  temporatnre  below  the  aobhiD- 
ing  point  of  sulphur.  When  heated  in  the  air,  it  Lams  with  swhitlvh-yellow  IUme,aad 
diffuses  a  thick  eniuko.  In  moist  air,  it  decomposer  rapidly,  becomiog  whitg  and  JSiiuu- 
iug  an  acid  reaction,  in  consequence  of  the  formation  of  phosphoric  acid  :  at  the  wubp 
time  it  acquires  a  bitter  and  hepatic  taste.  This  decomposition  io  the  air  takes  ptacr 
so  rapidly  that  the  subeitiinre  c-un  oidy  be  presorred  in  rcssels  hf'rmetieally  »falHL 
Thf-  uufiublioied  reddish  trisulpbidt-  dt^'umpoM's  in  the  same  way. 

Tri»ulphide  of  phosphorus  is  rapidly  dissolved  by  the  fixed  catutic  alkalis  and  tif 
ammoniH.     The  solutions  have  a  pale  yellow  colour,  and  when  treated  with  arxl?  yielc 
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ft  ligbt^  floccnlent,  and  nearly  white  precipitate,  which  fiiUs  down  slowly,  and  has  a  pal« 
VtUow  colour  when  collected  in  a  mass :  this  precipitate  may  be  washed  and  dhed. 
l^iaolphide  of  phosphoros  in  this  state  is  lees  rapidly  decomposed  by  exposure  to  the 
Air  thui  that  which  has  been  fused  or  sublimed.  It  is  uncertain  whether  the  difference 
thus  produced  by  the  influence  of  an  alkali  depends  upon  an  isomeric  modification. 
Trisnlphide  of  phosphorus  is  easily  dissolved  in  the  cold  by  carbonate  of  potassium  or 
•odiom,  bat  deposits  sulphur  at  the  same  tim^^a  proof  that  decomposition  takes 
pUce. 

8ulphophosphite$. — 1  atom  of  trisnlphide  of  phocphoms  mutes  with  2  atoms  of 
A  metallic  protosulphide,  forming  salts  having  the  composition  2M %.P^  «>  M*F*S^ 

and  2M'UP^  =  fi»P*S',  according  to  the  atomicity  of  the  metal  These  compounds  are 
piodnced,  together  with  free  trisolphide  of  phosphorus,  by  triturating  the  correspond- 
ing snlphohypophosphites  with  the  requisite  quantity  of  solphur: 

2(M»aP^)  +  S*     -     2M«aPfl"  +  P^«. 

Tlifly  are  also  formed  by  heating  protosulphide  of  phosphorus  with  metallic  poly- 
•nlphides,  just  as  certain  lower  oxides  of  metalloids  are  converted  by  heating  with 
netaUic  peroxides  into  higher  oxides  of  an  acid  character,  which  then  unite  with  ths 
bases  formed  by  reduction  of  the  peroxides.  Many  sulphophospbites  are  decomposed 
by  heat^  giving  off  trisnlphide  of  phosphorus,  and  leaving  the  metallic  sulphide. 

CupHc  Sulphophospkit€t  Cut's*  =  2Cu"S.P^*.— Produced  by  precipitating  an 
ammoniacal  solution  of  cnpric  sulphate  with  soda-lirer  of  sulphur,  and  treating  the 
washed  precipitate  (CuS*),  after  drying  in  vacuo,  with  liquid  protosulphide  of  phos- 
phorus. Combination  then  takes  place,  attended  with  evolution  of  heat,  and  the  excess 
of  protosulphide  may  be  expelled  in  a  stream  of  hydn^en.  The  cupric  snlpbophoe- 
phite  then  remains  as  a  dark  yellow  powder  which  bums  with  a  phosphorus-flame 
whan  heated  in  the  air.  When  subjected  to  diy  distillation,  it  gives oflT sulphur  and  leaves 
a  6mA  brown  basic  cuprous  sulphohypophosphite,  2Cu^.P'S. 

Ferrou$  Stdphopho^hiie,  5*6*1*^  «  2Fe''S.P*S*.— Obtained  by  moistening  finely 
divided  iron  pyrites  (FeS')  in  a  bulb-apparatud  with  liquid  protosulphide  St  phos- 
phoms,  and  applying  a  gentle  heat.  After  the  excess  of  the  protosulphi^  has  distilled 
ofi^  the  solphophosphite  remains  as  a  dark  yellow  mass,  having  a  faint  metallic  lustre. 
It  dissolves  in  boiling  hydrochloric  acid,  and  decomposes  in  contact  with  moist  air,  emit- 
ting the  odour  of  sulphydric  acid.  By  dry  distillation  it  gives  off  sulphur,  and  leaves 
the  black-brown  compound,  2Fe''S.P*S. 

Memmo  BtdphophospHU,  Hg'P'S*  -  2Hg'*S.P*S«.— Produced  by  heating  the  cor- 
ivsponding  sulphohypophosphite  in  a  retort  naving  its  neck  closed  by  a  co»,  to  about 
the  boilii^  point  of  sulphur.  A  black  mass  then  sublimes,  containing  numerouii 
j^bnles  of  mereui7,  and  merctiric  sulphophoephite  remains,  as  a  yellowish-white  mass, 
which  at  a  higher  temperature  is  resolved  into  basic  mercuric  sulphohypophosphite  and 
meteoric  sulphophosphate : 

2(2Hg''S.P^)     =     2Hg'S.P»S   +    2Hg"S.P»S». 

SulphophosphiU  of  SUver,  Ag*P^*  =  2Ag»S.P«S*.— Produced  by  heating  finely 
"divided  silver  with  phosphorus  and  sulphur  in  an  atmosphere  of  hydrogen,  the  combi- 
nation taking  place  with  great  violence.  The  product  after  being  heat^  forms  a  grey 
himp,  yielding  a  light  yellow  powder.  Kitric  add  decomposes  it  easily,  and  dissolves  it 
without  separation  of  sulphur. 

Ventasulpblde  of  VhosplioniSf  P'S*. — Sidphovhosphoric  acid.  P&ogpiorie  Sui- 
pkide.  Sulfide  phosphorique.  Phosphorspersulfid. — This  compound,  analogous  to  pboe- 
pborie  oxide  or  anhydride,  is  produced  :  1.  By  direct  combination,  when  sulphur  and 
phosphorus  are  heated  together  above  1 00°  in  an  atmosphere  free  from  oxygen.  With 
OTdiaary  phosphorus  the  combination  is  attended  with  a  very  violent  and  dangereus 
explosion,  but  when  amorphous  phosphorus  is  used,  no  explosion  takes  place,  though 
grest  heat  is  evolved. — 2.  By  heating  1  ut.  solid  protosulphide  of  phosphonis  with  4  at. 
•tUphor,  in  an  atmosphere  free  from  oxygen.  The  act  oi  combination  is  attended  with 
a  sudden  disengagement  of  heat,  by  which  a  portion  of  the  substance  is  rapidly  sublimed ; 
but  there  is  no  explosion  or  production  of  light — 3.  When  1  at.  sulphohypophosphite 
of  manganese  is  heated  with  4  at.  sulphur,  the  pentasulphide  sublimes  at  a  ^ntle  neat, 
leaving  protosulphide  of  manganese.  Sulphohypophoephite  of  silver  heated  with  4  at. 
•vlphur  yields  sulphophosphate  of  silver,  whUe  hall  of  the  pentasulphide  of  phos- 
.phoros  sublimes. — 4.  Pentasulphide  of  phosphorus  is  likewise  formed  when  the 
liquid  protosulphide  is  heated  in  a  current  of  sulphydric  acid  gas.    A  pale  liqind  dittiU 
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over,  which  is  a  solation  of  the  p«ntuulpbide  in  the  liquid  protoralphide,  and  yieldi  a 
small  quantity  of  the  former  in  cryBtaUine  scalM. 

Pentasnlphide  of  phosphoruB  is  of  a  pale  yellow  colour,  like  the  tmn}phide»  bat 
crystalliseA.  When  tt  is  sablimed  Tezy  slowly  and  in  sneh  a  manner  that  it  can  fona 
isolated  crystals,  these  crystala  are  transparept,  and  appear  perfectly  colooxlefla  when 
thin  :  their  faces  are  deeply  striated.  When  the  Uqnid  peDta«alpmde  ia  diatiBed.  ii 
assumes  a  crystalline  form  in  solidifying,  and  is  then  easily  detached  from  tiie  {^aa. 
When  solidified  by  sudden  cooling,  it  does  not  crystallise,  but  forms  a  mass,  sonketiiDes 
yellow  and  transparent,  sometimes  whitish  and  opaque.  When  obtained  by  ftision  from 
tbe  red  protosulpbide  of  phosphorus,  it  does  not  crystallise  on  cooling,  unleaa  it  be 
first  sublimed.  After  being  fused  and  heated  to  the  boiling  point,  it  haa  a  deepsr 
colour,  like  that  of  sulphur.  It«  boiling  point  is  higher  than  that  of  aolphnr,  and  the 
colour  of  ita  vapour  is  a  less  intense  yeUow  than  that  of  sulphur  Tapour.  When  heated 
in  the  air,  it  bums  with  a  pale  phosphoric  flame,  and  diffuses  a  laive  quantity  of  amoke. 
In  moist  air,  it  is  decomposea  almost  as  easily  as  the  tiiaulphide,  and  timnafonDed 
into  a  white  mass  iropr^nated  with  phosphoric  acid. 

Sulphophosphatea.  Pentasnlphide  of  phosphorus  disBolres  in  eanstie  aOcalii 
and  in  ammonia,  forming  pale-yellow  solutions,  from  which  adds  precipitate  salphar 
with  abundant  evolution  of  sulphydric  acid.  It  appears  as  if  no  alkaline  snljAopoos- 
phate  could  exist  in  contact  with  water.  The  carbonates  of  potassium  and  aodinia 
slowly  dissolre  the  pentasnlphide  in  the  cold,  producing  at  the  same  time  an  abtrndant 
deposit  of  flakes  or  sulphur.  On  heating  the  liquid  to  about  60°,  the  aalphide  ct 
phosphorus  dissolves  with  violence,  and  inodorous  carbonic  anhydride  ia  ermed :  do 
deposition  of  sulphur  takes  place.  When  boiled,  the  liquid  erolvea  carbonic  anl^dride 
and  sulphydric  acid  gases  t<^ther. 

Sulphopho9ph^i€  of  potassium  is  obtained  in  the  dry  way,  mixed  with  trisnlphide  of 
phosphorus,  W  passing  phosphoretted  hydrogen  over  the  heated  compoand  K9 
(H.  Rose).  The  colourless  salt  thus  produced  is  soluble  in  water,  but  ia  deeomposed 
thereby,  yielding  sulphydric  acid  and  phosphate  of  potassium. 

The  neutral  sulphophosphates  of  tbe  heavy  metals  have  the  composition  if'P'S*  ■- 
SM'SJE^S'  analogous  to  that  of  the  pyrophosphates.  They  are  produced  hj  heating 
basic  sulphohypophorohites  with  the  corresponding  quantity  of  sulphnr :  2]raLF9  -f 
S*  -  2Mrsi*3K  When  heated  they  behave  uke  the  snlphophoaphitea,  many  cl 
them  giving  off  undecomposed  pentasnlphide  of  phosphorus,  and  leaving  a  pure  metaUie 
sulphide :  e,  g.  ih»  ainc,  manganous  and  ferrous  salts ;  others  are  decompoacd  fay  beat 
into  sulphnr  and  a  residue  of  sulpbohjrpophosphite.  The  sulphophoapbates  arvM^ 
manent  in  dry  air,  but  in  moist  air  they  exhale  the  odour  of  aulphydne  acid.  Wha 
heated  in  the  air,  they  bum  with  a  phosphoms-flame ;  but  few  of  them  ]mve  be«i 
specially  examined. 

The  cupric  salt  Ctt*P*S^,  obtained  by  gently  heating  the  compound  SCa*8.P9'  with 
4  at  sulphur,  haa  a  pale  vellow  colour ;  but  if  too  strong  a  heat  has  been  applied  in 
its  preparation,  part  of  the  phosphoric  sulphide  goes  off  and  a  baaic  ad^bopooaphals 

Cu*P^'.6Cu''S  remains  behind. 

Tbe  mercuric  salt  ia  obtained  by  the  dry  distillation  of  mereorie  snlphofaypopho*- 
phite  or  snlphophosphite.  The  former,  if  somewhat  strongly  heated  in  a  nUat,  flnt 
gives  off  metallic  mercury,  and  then  yields  mercuric  snlplu>phoq)hite,  wfaidi  saUiam 
ID  transparent,  highly  lustrous,  pale  yellow  needles.  If  on  the  oChtt  band  the  ia^b> 
hvpophosphite  be  very  gently  heated  for  a  considerable  time,  so  that  mereorie  sulpha* 
phosphite  may  be  first  formed,  and  this  salt  be  then  heated  to  sublimation,  a  nbfi- 
mate  of  pure  mercuric  sulphopfaospbate  is  obtained  in  red  shining  eiyatala  very  madi 
like  cinnabar,  but  of  somewhat  lighter  colour  and  yielding  a  brown-yellow  powder. 

Alcoholic  Sulphophosphates. — A  triethylic  sulphophosphate,  (C*H*/PS*  m 
3CH*S.P'S*,  analogous  in  composition,  not  to  the  pyrophosphates,  bnt  to  the  aetmi 

orthophospbatee,  has  been  already  described  (p.  593). 

aolpboxypboapbatea,  IkCFSO"  or  3MH).P'SK>'  and  Mf^SH)*  -  3M*0J>W)* 
(Wurta,  Ann.  Ch.  Phys.  [31  xx.  472).— Sulphoxyphosphate  of  sodium  ia  obtained  hf 
the  action  of  caustic  soda -solution  on  phosphoric  sulf^ochloride : 

PSC1»  +   6NaH0     -'    Na"PSO»  +   SNaQ  +  SH«0. 

When  the  materials  are  put  into  a  retort,  and  subjected  to  the  heat  of  a  vater-bath, 
ebullition  takes  place,  and  part  of  the  snlphochloride  distils  owinto  tbe  i9€nwi;mA 
when  the  whole  of  the  snlphochloride  has  disappeared,  and  tbv  liqaid  ia  aSovad  It 
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cool,  it  gd&snllT  forma  into  a  solid  crystallino  mass!  this  is  to  b«  dnioed«  and  tli« 
CXTatata  piirifi«a  bj  repeated  aolntion  in  wnter  and  crjrstalliaation.  The  soda  muat  ba 
in  exci^  becanae  the  free  acid  in  aolution  is  readily  decompoeed  into  phoopborie  and 
■ulphTdric  acida : 

H»PSO*  -I-  HK>     -.     B*S   >  HTO*. 

Snlphoxyphospbnte  of  aodiam  is  readily  soluble  in  boiling  water,  and  crystalliaea  on 
cooling  in  brilliant  six-aided  tables.  The  solution  bos  a  strong  alkaline  reaction. 
Chlorine,  bromine,  and  iodine  decompose  it  immediately,  with  separation  of  sulphur 
and  formation  of  diaodic  ortbophosphate.  The  wpakest  acida  adand  to  the  aolution 
liberate  sulphuxyphoGphoric  acid,  woicb  is  immediately  decomposed  on  boiling. 

Th<i  HiilphoxyphosphHtes  of  hahum,  strontium^  and  calcium  are  insoluble ;  the  nickel- 
and  eobali-salla  turn  bhick  on  boiling ;  the  icad-aalt  is  wbit«  when  newly  formed,  but 
turns  black  in  a  few  hours  from  separation  of  lead-sulphide. 

Ethyl-sulphoxyphosphoHc  qt  Kthyl-4ulphoph(y$j)horic  acid,  (CH')H'FSO*,  produced 
by  the  action  of  alcoholic  potash  or  soda  on  phosphoric  sulphochloride  (Cloez),  and 
diethyl'SulphophospkcfTic  acid,  (CH')'HPSO*,  hv  tie  action  of  pentAsulphide  of  phos- 
phorus on  alcohol  (Carius),  have  been  already  described  under  pho&phoric  etfUrs; 
mIso  certain  ethyl-phosphoric  ethers  in  which  2  at.  oxygen  are  replaced  by  snlphur 
(pp.  691-593). 

Peranlpblde  of  Vboaplioraa.  This  compound,  which  may  be  obtained  by  direct 
combination  of  its  eleraenta,  was  first  recognised  by  Dupr£,  who  assigned  tu  it  the 
formula  PSV  Borielius  afterwards  gare  the  formula  P»S".  The  cause  of  this  great 
difference  has  not,  been  ascertained. 

When  1  pt.  phosphorus  is  fused  with  1  pt.  or  more  of  sulphur,  the  mass  separates 
OD  cooling  into  liqmd  protomilphide  and  crystals  of  the  persulphide.  The  best  mode 
of  obtaining  the  persulphide  regularly  crystalliaed  is  to  dissolve  1  atom  of  sulphur  in 
1  atom  of  liquid  protosulphide  of  phosphorus  by  the  heat  of  a  wster-batfa,  and  then  leave 
the  vessel,  carefully  closed,  to  ootd  in  the  bath.  The  crystals  thus  obtained  are  few  in 
number,  but  of  considerable  siae,  yellow  and  shining,  and  firequently  present  numerous 
facets.  Like  those  of  native  sulphur.  Some  are  rJeaTable  in  the  direction  of  the  laminss:. 
They  are  impregnated  with  proto^nlphide  of  phosphorus,  which  adheres  to  them 
obstinately,  aud  causes  them  to  emit  slight  fumes  from  the  surface  of  a  recent  fractors. 
To  free  the  crystals  from  the  protosulphide,  they  must  be  dried,  reduced  to  small 
pieces^  and  placed  between  folds  of  hibuloos  paper  under  a  bell-jar,  and  by  the  side  of 
ft  small  dish  containing  water,  the  edgo  cf  the  bell-jar  being  sligbtlv  raised  by  the 
insertion  of  a  small  piece  of  wood  to  aJJow  of  the  renewal  of  the  air  within  it.  In  this 
manner,  the  protosulphide  adhering  to  the  crystals  is  converted  into  phosphoric  acid, 
aulphtiric  acid,  and  pereulphide  of  phosphorus.  Some  time  elapses  b«>fore  the  chang* 
is  complete  ;  buticouor  or  later  thsodourof  the protosulphidedisappearscntirely.  The 
crystals  are  th<'n  to  be  washod  and  dried  over  oil  of  vitriol 

The  crystals  thus  obtained  may  be  exposed  to  the  air  for  a  long  time,  without  dimi- 
DUtion  of  the  lustre  of  the  crystallino  facets ;  but  after  a  while,  they  redden  litmua 
paper  when  placed  upon  it.  In  a  stoppered  bottle  filled  with  dry  air  they  may  be 
preserved  for  any  length  of  time  without  altemtion.  They  fuse  at  a  temperature  near 
the  melting  point  of  sulphur,  and  then  distil  ov<-r  without  separation  of  protosulphide 
of  phosphorus.  The  distilled  product  does  not  crystallise,  but  remains  soft  long  after 
eooliug.  If  the  persulphide,  when  subjected  to  diistillation,  is  not  quite  free  from  pro- 
tosulphide, an  explosion  takes  place  on  the  application  of  heat,  arising  from  the  forma- 
tion of  pentasulphide. 

The  persulphide  dissolves  in  caustic  alkalis,  behaving  like  a  mixture  of  sulphur  and 
pntoaulphide  of  phosphorus,  and  forming  phosphate,  hyposulphite,  and  persulphide  of 
the  aUcali  metal.  By  fusion  at  a  gentle  heat,  it  may  be  made  to  take  up  an  additional 
quantity  of  sulphur.     (B  e  rz  e  I  i  u  a  ) 

»OSPBORTrs,  BmiVBOBKOSKXSB    or.    PSBt*.    (Baudrimont  BnlL 
'"'  ■       1861,  p.  lis.) — Produced:   1.  By  the  action  of  dry  sulphydric  acid  gas  on 
*omide: 


*oc.  Chim. 

the  pejitabromide: 


PBr»  +   H'S     -=     PSBr»  +   2HBr. 


2.  By  distilling  a  mixture  of  pentabromide  of  phosphorus  and  sulphide  of  aotisiODy : 

3PBr»  +   Sb»S"     -     3PSBr»  +    2SbBr». 

3.  By  direct  combination  of  1  at  tribromide  of  phosphonw  with  1  at.  sulphur. 

It  is  a  solid,  yellowish,  very  denso  mass,  which  fumes  in  the  air,  baa  a  nanseatiog 
odour,  is  partislly  decomposed  by  heat,  and  slowly  but  completely  by  water. 


'  '-^^Si'lT" 
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VBOSPBORim,  Bvi»PBOoaxo&n>a  or.     FSCI*. — ThU  tomptnA,  iw 

analogue  of  pfiospboric  cunrcUloride,  wua  discovered  bj  S(<ral  las  (Aim.  Qi.  {1ijil,[)1 
xUL  35),  who  obtained  it  bj  the  action  of  ttalphjdric  acid  gaa  on  the  pwitarhlrtriiU: 
Pa»   +    H»S     =     2HC1   +    PSCl*. 

The  product  is  purified  by  distillation. 

It  is  likewise  formed,  together  with  otherprodacta,  by  the  action  of  p«ntaeUoRd»  tf 
phovphonift  on  Tarions  metallic  tulpbides  (Weber,  p.  614),  and  by  that  of  ffolfloci 
thf  puntAchloride  (Wohler  and  Hitler).  OUdttone  (Cbem.  Soc  Qo.  J.  iu  l\ 
hy  melting  3  pts.  pentschloride  of  pbotphortu  with  1  pL  ralphar,  obtained  a  eeW- 
Ims  liquid  Imiliog  at  100*^,  and  apparently  confluting  of  PCl*6*,  or,  according  to  Scbif 
(Ann.  Ch.  Pharm.  ci.  309  X  of  PSCl'.SCl'. 

According  to  Baudrimont  (BolL  Soe  Chim.  1861,  p.  117%  the  eolpboehlandp  » 
most  easily  prepared  by  the  action  of  pentachlorido  of  phospboraa  on  tHsolpkade  tt 
antimony:  ^p^^j,    ^   g^^,g,     ^     jSbCl*   +    SPSa*. 

About  30  grma.  of  pbosphonu  is  conrerted  into  pentaehloride  in  a  large  fiaak ;  the  fiaii 
is  then  tAken  oat  into  thn  open  air,  its  neck  surroauded  with  a  wet  dotb.  ukd  111 
grm*i.  of  aotimomoufl  milphide  gnuluully  added,  with  ^^uoot  a^tatioo.  till  all  iJb 
ppiiiacbloride  baa  disappeared  and  a  bHff,ht  cxce&s  of  antimoniona  solphide  ia  prmoL 
The  resulting  liquid,  which  ia  hot  &om  the  Tioleooe  of  the  reaction,  i»  then  datmelsi 
into  a  dry  retort  and  distilled  at  125°  to  135*^.  To  purifV  the  distillate  from  ehkndt 
of  antimony,  pentuohloride  of  phoepboms,  and  chloride  of  arseoic  (^eavlcalg  fin 
arsenic  in  the  sulphide  of  antimony),  it  ia  cooled  to  a  low  temperature  and  ^Utti 
with  a  dilute  solution  of  sodium -sulphide.  The  chlonMulphide  of  pboaphonia  la  thst 
separated  from  the  alkaline  liquid  by  a  tap-fnnnel,  caref^ly  dried  by  chlondt  af 
calcium,  filtered  through  aabeatoo,  and  finally  distilled  from  a  017  retort.  The  piodart 
amounta  to  120  gnna. 

Solpbochloride  of  phosphorus  is  a  colonrleaa,  rather  mobile,  oily  liquid,  bar 
intensely  pangent  odour,  aromatic  when  dilated ;  the  rapoar  trritat«8  the  eyes  1 
Sp.    gr.     -     1-631    at.   22*>.      Boiling-point    124-2fio  (Bandrimont);     125 
(Cahours).     Vapoor-density     -    £-963   at    168^;    6*879  at   244C> ;     5-S78 
[(Cahours);  calc.  (2  vol)    =  .1-932.     The  vapour  buma  with  dtfflculty. 

The  sulphochloride  is  slowly  decomposed  by  oxjiw,  yielding  phoaphoric.  hydroefckn^' 
and sulphydrie acids,  and  fumes slightfv  in  moist  air.  Itisdeoomposedby  hot  nitnc^ad. 
When  heated  with  aqnrous  caustic  alkali*,  it  is  converted  into  a  salt  of  sulpbozypbc» 
phorie  acid  H'PSO'  (Wurti,  p.  604).  With  alcohol  it  yielda  ethyl-sulpborrpbos- 
phoric  add  (CH')U*PSO"  (p.  591).  With  aqupoua  ammonia,  it  forma  anlpnoxT* 
phosphamic  or  tbiopbosphamic  acid,  an  acid  which  may  be  derived  from  sal- 
pbozyphoapboric  or  thiophoephoric  acid  by  the  substitution  of  NH'  for  HO;  or  if  lit 
ammonia  is  very  strong,  or  if  ammonia-gas  acta  on  the  sulpbochloride  firat  and  wit« 
ailerwarda,  the  product  ia  aulphoxyphoanhodiamie  or  thiophoaphodiaaia 
acid,  derived  tn  like  manner  Crora  thiopbospnoric  add  by  the  subetitntion  of  T" 
NH«foraat  HO;  thus: 


( 


l2i^^H 


PSCl" 


3HK)       -       3BC1 


1>S01«  +   NH»   +   2H«0     «     3Ha   + 


+     PH»SO". 
TUopboflpkoric 
acU. 

P(NH«)H»SO«. 

Th  ioph  okphoxn  tc 


PSCl"   +   2NH»   *-   H«0 


SHCl   +   P(Nll=)HSO. 

rhiuDhmphi  diamltf 
■cid. 


Jhy  ammonia-gas  appear*  to  act  on  aniphocblorida  of  phosphonia  by   rtnoviii 
%  atoms  of  chlorine  ana  leaving  2  atoms  of  amidugen  in  tbeir  place ;  that  : 

PSa'   +    4NH-     »     2NH-C1    +   P(NH')'Cia 
The  latter  compound  has  not  yet  been  separated  from  the  accompanying  chloride  of 
ammonium;  but,  supposing  it  to  be  formetl,  the  production  of  thiopbo*(phodiamie add 
from  it  by  means  of  water  may  be  mipposed  to  take  place  as  shown  by  the  eqaation : 

P8(NH»)»C1   +   H^O     «     HCl   +   P(NH')'HSO 

(Gludstone  and  Holtnes,  Cbem.  Soc.  J.  xviii.  7);  aee  TmoFHOSPHABiio  aasa— 
Scbiff  (Jahreab.  1867  p.  ^9)  supposes  that  sulpbocbloride  of  phoephoroa  ia  conrertid 
hy  dry  ammunia-gas  into  bzlI- ammoniac  and  sntphophosphotriamide,  according  to  tW 
aqoatioD :  pq\'» 

jjg,(^j       ^        jg^j       ^  i^J 


I 


PSCl»     +      4NH» 


»»: 
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tnd  bv  vuline  in  like  manoer  into  hydrochlonte  of  aniline  and  sulphophoflphotri- 
l^gnyltriamide ;  but  tiiese  results  have  not  been  established  by  analysis. 

Vnth  aeetats  of  potassium  the  chlorosolphide  appears  to  yield  solpfaide  of  acetyL 
(Baudrimont.) 

raOSVBOKVSf  TBXILinUIIB  OV«  When  pulverised  tellurium  is  heated  vith 
phosphorus,  part  of  the  latter  bums  away,  while  another  portion  melts  with  the  tellurium 
to  a  black  amorphous  mass,  which  gives  off  fumes  of  phosphorous  anhydride  in  the  air 
«Ten  when  the  tellurium  is  in  large  excess.     (Oppenheim,  Jahrasb.  1867,  p.  214.) 

raOSnOftim-BASaB,  OXOAJno.  Paul  Th^nard  in  1846  and  18 47, by 
acting  on  heated  phosphide  of  calcium  with  gaseous  chloride  of  methyl,  obtained  several 
compounds,  which  maybe  viewed  as  phosphides  of  hydrc^a  having  the  bydn^n  more 
or  1ms  replaced  by  methyl,  vie.  1.  A  spontaneously  inflammable  fetid  liquid,  (CH*)'? , 
analc^os  in  compoeition  to  the  liquid  phosphide  of  hydrogen,  H'P,  and  to  cacodyl, 
(CH')'As.— 2.  A  spontaneously  inflammable  gfus,  CH*P  «^  (GH')H'P,  analogous  to 
methylamine,  and  forming  a  solid  compound  with  hydrochloric  acid. — 3.  A  mobile 
strongly  basic  liquid,  C'H*P  =  (CH'?P,  analogous  to  trimethyl  amine,  and  boiling  at 
40^._4.  Ayellow  aon-volaiile  solio,  CH'P*,  analogous  to  the  solid  phosphide  of 
hydrogen,  HP*,  produced,  together  with  the  liquid  compound  (8),  by  the  continued 
action  of  hydro^oric  acid  gas  on  the  firat-mentioned  compoond,  (CH*)?. — These 
eomponnds  were,  however,  but  imperfectly  studied  by  their  discoverer :  for  the  mode  of 
preparation  above  mentioned  was  dangerous,  and  did  not  yield  them  in  quantity  sufii- 
eiant  for  satiafiftctory  investigation.  Moreover,  at  the  time  of  the ir  discovery  there  were 
but  few  bodies  known  with  which  they  could  be  naturally  connected,  the  ammonia- 
Iwses  not  having  been  discovered  till  afterwards ;  consequently  they  did  not  at  the 
time  eixcita  the  attention  which  they  really  deserved. 

A  few  years  later  Cahours  and  Hofmann  (Compt  rend,  zli  831 ;  Chem.  Gas:. 
1856,  p.  11),  by  a  similar  mode  of  proceeding  with  phosphide  of  sodium  and  iodide  of 
methyl,  obtained  the  compounds  (CH'>*P,  (CH')*P  and  (CH*)*PI,  the  latter  being  a 
cnrstalline  compound  analogous  to  iodide  of  tetramethylammonium  ;  and  Berl^  (J.  pr. 
Chem.  Ixvi.  78),  by  acting  upon  phosphide  of  sodium  with  iodide  of  ethyl,  obtained  the 
oomoound  (CH*)?  as  a  yellow  stroncly  fuming  liquid,  which  when  heated  with 
iodiae  of  ethyl  yielded  the  crystalline  iodide  (C*H*)*PI.  But  this  mode  of  preparing 
the  phosphorus-bases  is  also  difficult  and  dangerous,  inflammable  and  detonating  com- 
poands  being  formed,  and  complex  products  obtained,  which  are  very  difficult  to 
separate. 

The  phosphorus-bases  containing  1  and  2  atoms  of  alcohol-radicle  are  but  little 
known,  as  no  method  of  obtaining  them  in  a  pure  state  has  yet  been  discovered ;  but 
those  derived  from  phosphine,  H'P,  by  the  substitution  of  3  atoms  of  alcohol-radicle 
for  3  atoms  of  hydrogen,  may  be  obtained  pure  and  in  any  required  quantity  by  sub- 
jecting the  zinc-compounds  of  the  alcohol-radicles  to  the  action  of  trichloride  of  phos- 
phorus in  an  atmosphere  of  carbonic  anhydride.  Zinc-ethyl,  for  example,  treated  in 
this  manner  yields  chloride  of  rinc  and  triethylphosphine: 

2PC1"  +   ZZn^'iCm^y    --     3Zn"Cl»  +   2(C«H»)«P, 

The  triethylphosphine  remains  combined  with  the  chloride  of  zinc,  but  may  be  liberated 
by  distillation  with  aqueous  potash,  which  converts  the  chloride  of  zinc  into  chloride 
and  zincate  of  potassium : 

3Zn"Cl*.2(C»H»)'P  +   12KH0     -     2(C«H»)^  +  SK^Zn^O'  +  6KC1  +   6H»0. 

Triethylphosphine  and  trimethylphosphine  (the  only  two  compounds  of 
this  type  hitherto  examined)  are  volatile  strongly  alkaline  liquids,  which  unite  readily 
with  acids,  forming  crystallisable  and  for  the  most  part  very  sc^uble  salts.  When 
treated  with  the  iodides  of  monaiomie  alcoHol-radicUs,  thf^  yield  crystalline  iodides  of 
monophosphoniums,  of  the  typeK'PI,  analogous  to  iodide  of  tetrethylammonium; 
•nd  these  iodides,  when  decomposed  by  moist  oxide  of  silver  and  by  silver-salts,  yield 
the  hydrates  and  salts  of  the  corresponding  monophosphoniums;  e.  g.  triethylphosphine 
treated  with  iodide  of  ethyl  yields  iodide  of  methyl-triethylphosphonium  (CH')(C'H*)'PI» 

which  is  converted  by  moist  oxide  of  silver  into  the  hydrate,^        '^         Hv^  *    ^^ 

nitrateofsilver  into  the  nitxateof  methyl-triethylphosphonium,  (OH'XC'H*)'P.NO*,  &c. 

Numerous  compounds  belonging  to  these  types  have  been  prepared  and  examined 
by  Hofmann  and  Cahours  (Phil.  Trans.  1867,  p.  683;  Chem.  Soc.  QiLJ.xi.  66; 
Ann.  Ch.  Pharm.  civ.);  and  further  by  Hofmann  (Phil.  Trans. ;  Chem.  Soe.  Qn.  J, 
ziii  289;  Ann.  Ch.  Pharm.  SuppL  i  2). 

Triethylphosphine  and  trimethylphosphine  unite  with  diatomic  aleokoiie  bromideSf 
ekiorides,  ice,  m  the  proportion  of  1  or  2  at.  of  the  phosphoros-base  to  I  «X.  ^  i>aA 
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7  diatomic  ether;  thus  triethylphoephine  forms  vlth  bromide  of  etkjflmu,  the  two  eom* 

pounds  >niH»\rp  (  '^^  rG'H'1*P'['  ^^^  ^^  alcoholic  solution  of  the  Utter  ct 
these  compoands,  the  whole  of  the  bromiue  is  removable  bj  nitrate  of  silver,  vhneis 
from  the  former  only  half  the  bromine  can  be  thus  removed.  Hence  Hofinann  regards 
the  latter  compomid  as  dibromide  of  ethylene-hezethyl-diphosphoaium, 

[(CH*)'  (C^H»)'p]'®^'  ^^  fomer  as  bromide  of  bromethyl-triethylphos- 
phonium  [(C*H*BrXC'H')'P]Br;  i.  e.  as  bromide  of  tetrethylphosphonium  in  which 
1  at.  hydrogen  is  replaced  by  bromiue.  (See  Ammoxicu-basss,  1. 197 ;  also  ErHTLKxa- 
BA9U,  it.  693.) 

The  last-mentioned  compound  is  susceptible  of  several  remarkable  tranaformatioM. 
— a.  It  is  resolred  by A«a^  into hvdrobromic acid  and  bromideofvinyl-triethyl* 
phosphonium,  [(C"H«XCH»)'P]Br. 

0.  When  treated  in  dilute  solution  with  hydrate  of  silver,  it  gives  up  all  ltd  bromine 

and  ia  converted  into  the  compound  '^  (C*K*^l'  ^  hydrate  of  oxethyl-tri* 
athylphoaphonium,^  '^  Hi^'  ^^  change  consisting  in  the  rep 

of  the  bromine  by  an  equi'ndent  quantity  of  peroxide  of  hydrogen. 

7.  By  boiling  for  some  time  with  acetate  of  silver,  it  is  converted  into  acetate  of 
vinyl-triethylphosphonium : 
[(C'H*Br)(C»H*)"P]Br  +  2AgC«H"0»  -  [(C*H"XCH»)«P]C«HH)«  +  C»H«0»  +  2AgBr. 

S.  It  unites: — a.  With  1  at  triethyU  01  trimethyl-phosphine,  forming  dibromide  of 
ethylene-hexethyl-diphosphonium,  [(C»H*)''(C»H')«q"Br',  and  ethylene- 
triethyl-trimethyl-diphosphoninm,  [(0'H*r(C?H»)»(CH")«P»]'"Br«. 

b.Vfithl  At.  amm<miatethyhrnine,metht/lanane^dittkyiamine,^.JoTmiikgtht  dibro* 
mides  of  ethylene-triethyl-phosphammonium,  r(C«H*)'(C*H*)»H«PN]ar*; 
ethylene-tetrethyl-pho8phammoniuraf(C«H«r(C«H')*H*PN]"Bi*;ethylen«- 
triethyl-methyl-phosphammonium,  [(C»H*)''(C»H»)«(CH«)H«PN]Br* ;  ethy- 
lene-pentethyl-phospharamonium,  [(OTI«)''(C'H7HPNrBr',  &c 

c.  With  triethylareine,  (C'H*)'Afl,  yielding  dibromide  of  ethylene-hexethyU 
phospharsonium,  [(C»H*nC»H*)*PAs]'Br». 

Trimethylphoephine  is  acted  upon  in  a  similar  manner  by  dibromide  of  ethyle&i^ 

yielding  the  compounds  /Qirivip;  ^^^  (CK*\*^\*  ^^   which   similar   deriTatina 

may  be  obtained. 

All  thme  compounds  have  beeu  discovered  and  investigated  by  Hofmann  (PhiL 
Trans.  1860,  pp.  449.  497 ;  Cbem.  Soc.  Qu.  J.  xiv.  73.  316;  Ann.  Ch.  Pharm.  SappL 
i.  %  146,  177,  306). 

The  dibromides  of  methylene,  tritylene,  tetrylene,  amylene,  and  benxylene  likevias 
react  in  a  similar  manner  with  triethylphosphine,  but  the  resulting  compounds  am 
difficult  to  separate^  and  have  not  been  much  examined. 

Lastly,  a  triphosphonium -com pound,  namely,  tri -iodide  of  formyl'«na> 
•thyl-phosphonium  r(CH)'"(C'H»)»P*ri",  is  produced  by  the  action  of  lodofom 
on  triethylphoaphine.    (Hofmann.  Proc.  Koy.  Soc  x.  189;  xl  290.) 

I.    MOKOPHOSPUINXS   AKD   MONOPHOSPHOMIUlCa. 

a.  Methyl-eompounda. 

Trlmetl&ylplioaplilnev  (CIP)'P.— This  base  is  produced  by  the  action  of  trichlonJs 
of  phosphorus  on  Einc-methyl,  the  process  being  conducted  in  the  manner  to  be  btft* 
aft4>r  described  for  the  preparation  of  triethylphospbine  (p.  609).  As  the  base  ia  a>* 
tremely  volatile,  the  stream  of  hydrogen  in  which  it  is  distilled  most  be  very  slow,  aid 
the  receiver  must  be  kept  at  a  low  tempemtun'. 

Trimethylphospbine  is  a  transparent,  colourless,  mobile  liquid,  heavier  than  vatfr, 
having  a  strong  refracting  power,  and  an  indescribably  nauseous  odour,  and  boUiBC 
between  40°  and  42°.  It  is  insoluble  in  water.  Its  solution  in  hydrochloric  add 
yields,  with  chloride  of  platinum,  an  orange-yellow  indistinctly  crystaUine  ptvesBttati^ 
2(CH»)»HPCl.Pta*,  which  is  easily  decomposed  »it  100°. 

Trimethylphospbine,  like  the  corresponding  arsines  and  stibinea  (L  340,  S98X  aaitis 
with  2  at.  of  a  monatomic  element.  CI,  Br,  &c.,  and  with  1  at.  of  a  diatomic  tUmteA, 
O.  8,  &c. 

IhA  0dBvie,<<CU')'P0,  ia  produced;—!.  By  the  direct  oxidation  of  thmathylptet- 
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phine.  This  subotance  haa  a  rery  poverful  attrftction  for  oxygen^  ftiming  and  some- 
times taking  fire  in  contact  "with  the  air.  On  distilling  it,  eren  when  recently  prepared, 
th«  neck  of  the  retort  beeoraes  covered  in  the  last  stage  of  the  operation,  with  a  beauti- 
All  network  of  crystals  of  the  oxide;  they  may  readily  be  obtained  in  larger  quantity 
by  exposing  the  base  to  a  slow  current  or  dry  air. — 2.  By  the  action  of  heat  on  the 
l^drate  of  tetramethylphosphonium,  marsh-gas  being  given  off  at  the  same  time. 
(CH»)THO       «      (CH»)»PO     +     CH*. 

The  selenide,  (CH*)*PSe,  obtained  by  the  action  of  selenium  on  trimethvlphosphine, 
erystallises  like  the  ethyl-compound  (p.  613\  melts  at  84°.  In  contactwith  the  air  it 
bUekeDS,  with  separation  of  selenium,  and  gives  off  the  odour  of  mesitilene  (ui.  930). 

The  sidphide,  (CH*J"PS,  is  obtained  by  gradually  adding  flowers  of  sulpnur  to  an 
ethereal  eolntion  of  tnmethylphosphine,  or  by  distilling  trimetbylphoBphine  with  cin- 
ttabw.  It  iB  not  produced  by  treating  the  oxide  with  sulphydric  add  or  sulphide  of 
ammoninm.  OiystaUises  firom  a  highly  concentrated  aqueous  solution  in  masses  of 
well-formfld  four-sided  prisms,  which  melt  at  106°.    (Hofmann  and  Cahours.) 

TetranMthylpboapbonlnm,  (CH*)*P.— This  base,  like  all  others  formed  on  the 
•mmonium-type,  is  not  known  in  the  &ee  state. 

The  iodid^t  (CH*)*PI,  is  obtained  by  the  action  of  iodide  of  methyl  on  an  ethereal 
solution  of  trimothylphosphine.  It  is  a  white  crystalline  mass  which,  when  recently 
{ffepared,  exhibits  the  silvery  lustre  of  sublimed  naphthalene,  and  assumes  a  slightly 
reddish  colour  in  contact  with  the  air.  Treated  with  oxide  of  silver,  and  water  it 
yields  a  very  caustic  solution  of  hydrate  of  tetramethyfphosphonium. 

The  ^o/rf-«a/^  (CH*)*PCl.AuCl*.— Obtained  by  mixing  the  solution  of  chloride  oi 
tetramethylphosphonium  and  trichloride  of  gold,  crys^llises  from  boiling  water  in 
brilliant  yellow  needles. 

Fiaiinum-aalt,  2(CH")*PCl.PtCl^— The  solution  of  the  oxide  mixed  with  hydrochloric 
a^d  and  tetrachloride  of  platinum,  yields  a  platinum-salt,  which  is  insoluble  in  alcohol 
and  ether,  but  crystaUisea  from  water  in  beautiful  octahedrons*  (Hofmann  and 
Cahours.) 

/3.  Ethyl-compounds. 

TriettaylpHoaplklne.  C<H>^P  «  {C^l^*)^.— Formation.  1.  By  the  action  of 
trichloride  of  phosphorus  on  zinc-ethyl  (Hofmann  and  Cahours,  p.  607)> — 2.  By 
the  action  of  phosphide  of  sodium  on  iodide  of  ethyl  (Berl6,  p.  607). — 3.  Crystalline 
phoerthide  of  sine  heated  with  iodide  of  ethyl  in  a  sealed  tube  to  170° — 180®,  yields 
sinc-iodide  of  tetrethylphosphonium,  2(C»H*)'PI.Zn"P,  which,  when  distilled  with 
potash,  yields  trietbylpho»<phine  (Cahours,  Ann.  Ch.  Pharm.  cxii.  228;  cxxii.  192; 
Kihmb.  1869,  p.  432 ;  1861,  p.  667). — t.  When  a  mixture  of  zinc,  phosphorus,  and 
dry  ethylic  iodide  is  heated  in  a  sealed  tube  to  150° — 160**,  there  is  produced,  togethei 
with  sine-ethyl,  a  mixture  of  iodozincate  of  triethylphosphonium,  2(CH*)'HPI.Zn''P, 
iodozincate  of  tetrethylphosphonium,  2(CH*)*PI.Zn'T,  and  a  compound  of  zinc- 
iodide  with  oxide  of  triethylphosphine,  (CH*)"F'O.Zn'I*.  These  componndx  are 
aepaiAted  by  their  different  degrees  of  solubility  in  water,  the  first-mentioned  being 
the  least  and  the  second  the  most  soluble.  The  first  yields  triethylphosphine  when 
trcated  with  potash  in  the  cold;  the  third  yields  it  when  heated  with  solid  potash; 
while  the  second  does  not  yield  it  when  treated  with  potash  either  in  the  cold  or  with 
aid  of  heat.     (Hofmann,  Chem.  Soc.  Qu.  J.  xiii.  291.)' 

Preparation. — A  tubuhited  retort/  is  joined  to  a  receiver  e  (Jig,  738)  which  in  its 
tarn  is  connected  with  a  wide  glass  tube  d,  bent  at  an  angle  of  about  ISO*'  and  acting 
like  a  second  receiver.  The  angle  of  this  tube  is  filled  with  trichloride  of  phosphorus, 
and  the  tube  Is  connected  with  a  large  cvlinder  c,  which  is  supplied  by  a  suitable 
apparatus,  a,  6,  with  dry  carbonic  anhydride.  As  soon  as  the  carbonic  anhydride  has 
expelled  the  air  from  the  reservoir,  tube,  receiver,  and  retort,  an  exit-tube  from  the 
reaervoir,  up  to  that  time  closed  by  a  caoutchouc  cap,  is  opened  to  let  out  the  carbonic 
anhydride,  the  evolution  of  which  is  maintained  during  the  whole  operation.  T  e 
tnbulature  of  the  retort  is  now  connected  with  the  copper  digester  in  which  the  zinc- 
eUiyl  has  been  prepared;  and  as  soon  as  the  retort  has  received  a  charge  of  the 
ethereal  solution  of  zinc-ethyt  there  is  fixed  into  the  same  tubulature  a  dropping 
apparatus,  consisting  of  a  glass  globe  ff,  with  a  tubulature  and  stopper  at  the  top,  and 
terminating  below  in  a  ^lass  tube  in  which  a  stopcock  is  fitted.  This  apparatus  is 
HXltA  with  trichloride  of  phosphorus,  and  by  appropriately  adjusting  the  stopcock  and 
Opening  or  closing  the  stopper  of  the  glass  globe,  any  desired  flow  of  the  liquid  can  bo 
maintained  with  the  greatest  nicety.  However  slowly  the  trichloride  may  be  added, 
and  however  well,  moreover,  the  retort  and  receiver  may  be  cooled  by  water  or  ice,  the 
action  is  nevertheless  so  violent^  that  all  the  ether,  and  with  it  a  large  quantity  of  Lh» 
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tinc-«tbyl,  pAOTMi  ov«r  into  the  rvcviror.  By  thApowerfal  ebullilioD  whirh  pviudiaUb  . 
«n5aee,  a  portion  of  the  T&poar  in  dn'ren  eroD  into  the  b«nt  iubf,  mud  &  rrmriilmUi  j 
Inan  of  sinc-elbyl  u  ioeurred,  ualew  this  tab«  is  ftU«d  with  trichlocida  of    ' 


which  ipvedily  ibiorbB  eren   trac«  of  thn   fbnner  compoand.     This   fhud , 

aManding  and  desorodine  in  the  tube,  in  acoardance  with  the  prognas  of  the  radadi,  1 
T«^Ut««  thf*  fuDCtioQ  of  the  tippamtus  no  perfectly,  thnt  the  oporatioxi,  which  nlv^  ' 
lakes  MTtral  boarsp  oontinuL's  by  ittelf  when  onoe  begun.  SLinetimcs  the  absorpttonii 
80  violent  that  the  trichluridf  of  phosphormi  in  the  tube  ia  sucked  back  iato  ik 
riveirer,  but  even  then  no  \ovi  i»  to  be  feared,  einre  the  tube  is  ermneetMl  with  tlu 
retffTToLr  fiUoii  with  carbonic  anhydride.  The  first  dropn  of  triclJonde  of  phofpbom 
which  fall  into  the  solution  of  zinc-ethyl,  hiss  like  water  when  aoming  in  contact  with 
ifd-hot  iron.  The  action  becomee  hy  and  by  less  violent,  and  as  soon  as  ao  erolotifv 
of  hrat  is  no  longer  perceptible,  the  operation  is  terminuted.  There  remain  is  (h» 
rrtort,  in  the  rt^eirer,  in  the  bent  tube,  and  sometiniea  ereu  in  the  carbonic  uai 
reservoir,  two  liquid  layers, — the  one  a  heary,  pale  striiw-coloured,  thick  liquid,  tbi 
cjtlier  a  trHnsparent.  colourless,  mobile  liquid  floHtiog  on  the  former. 

The  upp'-T  liquid  ie  u  miituro  of  cthtr  aiid  trichloride  of  phosphorus;  th*"  lower, 
whioh  osuuUy  solidities  on  cooling,  is  a  compound  of  triethylphospbine  with  chhuSdeof 
tine,  iind  ^ra  this,  aft^r  the  upper  layer  has  been  decanted,  the  phoffphonis-baas  an; 
oe  sepamtod  by  dintillation  with  potash.  For  this  purpose  it  is  mixed  with  water,  tls 
recon  is  filled  with  hyilro^n,  ana  strong  potash-ley  is  allowed  to  flow  akrwly  iaio  JL 
Ou  diittilliug  Ihu  mixture  in  a  ftlow  stream  of  hydrogen,  the  triethrlphosphine  fuam 
with  the  aqueous  rapour,  and  floats  on  the  condensed  water  in  the  receirer.  It  is 
separated  by  a  tap-funnel,  dncd  over  sticks  of  potash,  and  rectified  in  a  etreaii  d  dry 
hydrogen.  (Hofmanu  and  Cab  ours,  p.  607;  Hofmann,  Chem.Soc  Qu.  J.  xiii.  190.) 

PrfyprrtiM. — Triethylphospbine  \b  a  transparent,  oolonrless,  mobile^  strongly  rttruU 
ing  liquid.  Specific  gravity,  ()'812  nt  16^.  Boils  at  \27'5°  under  a  bsLromecric  prvssan 
of  0744  mm.  Its  odour  is  penetraring,  almost  benumbing,  but  still  not  distgreeablc. 
and  in  a  dDuted  state,  resembU'H  that  of  the  hyacinth.  Long-continued  worldog  with 
thi«  BubHtanee  produces  head-ache  and  sleeplessness.  When  recently  prepared,  it  w 
without  action  on  vegetable  colours,  but  if  exposed  to  the  air  for  a  few  seoood^  it 
shows  a  constantly  increasing  ui'id  reaction. 

Reactutfu, — 1.  Tricthylphosphins  is  quite  insoluble  in  ttairr,  but  diHaolvea  in  sQ 
proportions  tn  alcK'hoi  aud  rthrr. — 2.  It  unites  slowly  with  acida^  formiDg  BMStly 
crystalU sable,  but  extremelv  soluble  snd  deliquescent  salts,  which  may  be  nma6tAu 
■altsoftrielhylphosphoDium:  eg.  (CH*)»KHC1  =  (C»H»)'HF.C1. 

3.  Triethylphoaphina  rapidly  abuorbs  oxj/prn  from  the  air,  and  in  coav^rCed  istotki 
oxide,  (0'H')"PO.  In  pure  oxygen  gas  it  of^en  takes  fire  and  decomposes,  *™i«fti* 
denne  white  fumes  ofpbosphoriu  anh^'dnde.  A  mixture  of  oxygen  gas  mad  vapourS 
trii'tJiylphospliitit'  explodes  with  violent!*  when  heate^L 

4.  With  iiiiphttr  and  silfmum,  triethylphospbine  unites  directly,  fbrming  tfa«  nyi- 
tttlline  compounds,  (C*U*)'PS  and  (Cli*)'PSe  ;  also  with  ruipkid^  of  carbon,  fomuns 
beautiful  red  crystals  of  the  compound  2((7H*)"P.CS",  The  formation  of  tiuscomf^ood 
takes  place  so  readily  that  triethylphosphise  and  sulphide  of  carbon  act  as  extreiMfy 
delirute  teats  one  for  the  othisr.  Thus,  if  a  liquid  containing  f^«e  triethylphosphioe (or 
i.Hmethylphosphine)  be  poiireti  into  a  watch-glass,  and  the  vapour  of  the  carbonie  sol- 
phide  allowed  to  flow  up  n  it  from  an  inclined  bottle,  the  watch-^aaa  soon  be>coffl« 
covered  with  a  beautiful  network  of  the  red  crystala  If  the  pbosphcms-bast  is 
present  in  the  form  of  a  salt,  it  nnst  first  be  libertted  by  adding  a  drop  o(  poCasiu 
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Coarenely,  tricthylphosphine  may  b«  very  advantageously  uaod  fur  detecting  email 
quantities  of  carbonic  sulphide,  as  in  the  most  volatile  fractions  of  coal-tar  naphtha, 
■ad  in  coal-gas  (i.  777). 

<L  When  triethylpbosphine  is  poured  into  a  flask  containing  chlorine,  every  dn^ 
takes  fire,  with  formation  of  hydrochloric  acid  and  phosphoric  chloride,  and  separation 
flf  chanxMiL  If  however  the  action  be  moderated,  crystalline  compounds  are  formed. 
It  also  unites  directly  with  iodine  and  bromne,  the  combination  being  attended  with 
great  evolution  of  heat  and  sometimes  with  inflammation. — 6.  In  cyanogen  gaa  it 
flolidifles  to  a  brown  resin. 

7*  JHbromide  of  ethylene  and  its  isomer,  bromide  of  bromethyl^  unite  with 
1  at  trietbylphosphine.  forming  bromide  of  bromethyl-triethylphoaphonium, 
[(CH^rXC'n^yPJBr,  andwith2attriethyl^06phine  forming  dibromide  of  ethylene- 
hMethyldiiOiQsphoniam,  [(C<H«)''(C>H»)«F']'3r>.— 8.  Dic/Uoride  of  ethylene  nnd  mono- 
oUorinatea  chloride  of  ethyl  act  in  a  similar  manner.— 0.  Vi-iodide  qf  ethvUne  however 
acts  in  a  different  manner.  When  brought  into  contact  with  dry  triethylphoaphine, 
it  finnu,  generally  with  explosion,  ethylene  ^  and  iodide  of  triethylpbosphine,  and 
with  alcoholic  triethylphosphine  it  forms  a  ciystalline  mass  generally  consisting 
of  hydriodate  of  triethylphosphine. 

10.  When  triethylphosphine  is  heated  with  ethylic  ehloracetaie,  C*H*(C»H*)C10', 
mixed  with  an  equal  volume  of  common  ether  to  moderate  Uie  action,  a  sticky  mass  is 
Huined,  which  on  addition  of  platinic  chloride,  forms  the  cryatallisable  chloroplatinat« 

oltriethyl-oxetbacetylphosphonium,  nxni/niinovOC^*  ^°^^^^  to  the  ammonium- 
baw  produced  in  like  manner  from  chloiacetic  ether  and  triethylamine  (il  £63). 
(Hofmann,  Proo.  Boy.  Soc.  xi.  625.) 
Triethylphosphine  unites  with  tulphocyanate  of  allyl  (volatile  oil  of  mustard), 

forming  aUyl-trietbyl-sulphocarbophosphamide,  C*H*  \.p;    and  with  atdphocyanate 

of  phenyl,  forming  the  analogous  phenyl-compound.  The  eulphocyanates  of  methyl, 
ethyl,  amyl  and  ethylene^  on  the  contrary,  do  not  unite  directly  with  triethylphosphine, 
bat  undergo  decomposition,  yielding  sulphide  of  triethylpbosphine  and  a  cyamde  of 
a  phosphonium.     With  eulphocyanate  oj  ethyl,  for  example,  the  reaction  is, 

(C*H*)CNS   +   2(C«H»)«P     -     (C«H»)»PS  +   [(C«H»)*P]CN ; 

•nd  with  tulphoeyanate  of  ethylene : 

{cm*ycN^  +  4((?H»)»p   »   2(C»H*)"Ps  +  [(c*h«)''(c*h*)«pt'c«n«. 

11.  The  alcoholic  eyanatee,  on  the  other  hand— the  cyanates  of  ethyl  and  phenyl  for 
example — neither  combine  with  triethylphosphine,  nor  are  decomposed  by  it,  but 
merely  undergo  a  molecular  transformation,  being  converted  by  contact  with  it  into 
cnrstalline  cyanurates.  Cyanic  acid  vapour  passed  through  trietbylphosphine  yields  a 
white  deposit  of  cyanuric  acid. 

12.-  Tnethylphoephine  and  mercaptan  mixed  together  in  an  atmosphere  of  carbonic 
anbydride,  do  not  act  on  one  another  even  at  100° ;  but  if  air  has  access  to  the 
mixture,  crystals  of  sulphide  of  triethylphosphine  are  gradually  formed,  the  result 
being  due  to  the  oxidation  of  the  triethylphosphine  at  the  expense  of  atmospheric 
flsygen,  and  the  subsequent  conversion  of  the  oxide  into  sulphide,  according  to  the 
flonation : 

(C*H*)«PO  +   C»H«S     «     C^'H'O   +  {C^*)'F8. 

It  xa  only,  however,  at  the  instant  of  formation  of  the  oxide  that  this  reaction  take* 
place ;  for  ready  formed  oxide  of  triethylphosphine  and  mercaptan  brought  together 
vnder  the  most  varying  conditions  of  pressure  and  temperature  do  not  yield  a  trace  of 
aolphide  of  triethylphosphine. 

13.  Sulphide  of  nitrogen  (p.  109)  is  decomposed  by  triethylphosphioe,  gas  being 
evolved,  and  a  yellowish  liquid  formed,  which  on  cooling  solidifies  to  a  fibrous  mass 
of  crystals  of  sulphide  of  triethylphosphine. 

Compounds  of  Triethylphoephine* 

CKLOBn>B,BBOiEn»,jjn>Ioon>B  of  Trikthtlphospuikb. — Oxide  of  triethylphosphine 
wbrn  treated  with  hydroddoric,  hydrobromic  and  hydriodic  acids,  is  converted  into  the 
eorresponding  chloride,  bromide,  and  iodide,  (C'H*)'PC1',  &c.,  which  closely  resemble 
t^  oxide  in  their  general  properties.  They  are  liquids  which  gradually  solidify  in  the 
exsiccator;  the  crystals  ^se  at  100^  and  begin  to  volatilise,  although  their  boihng 
wAat  is  very  high.  The  compounds  of  triethylphosphine  with  chlorine^  bcomv^K,  v»k 
lodiiie  may  also  be  obtained  by  the  action  of  theee  eium«n\a  in  as^^oraa  qi  ii2£sjfi»^i^ 
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HolntiuTU  upon  the  phc«phoruB-bu«  itself.  Both  methodfl,  bowevar,  fnnuili  |*u4art| 
\sU\ch  an*  diflfioult  to  purify. 

Trictliylphosnhinc  forms  crysUUins  compounds  with  hy^rsKhloric,  IjrfniiitB^ 
hifdriodic^  tiulphuric  und  fti7ric  adds  ;  but  tboj  can  bo  obtained  in  tha  dz7  Mitcodj 
ity  means  of  the  cxsiocainr. 

CMtmyplatinaU,  2[(U'H')"P.HCl].Pt»'Cl*,— Thf  »oliition  of  the  buf  in  hjdreriBlom 
arid  forme  with  pUrinic  cliloridn  n  crystalline  doul'le  salt,  which  is  itparii^^^  fololk 
in  culd  w»U.*r,  uuK>ltO<U*  in  nlfviliul  nnd  eth'*r. 

Jodonncaie,  2[(C'n*)'KHI.l./n''l'.— The  product  formed  by  beating  dry  iodtdn  d 
ethyl  with  zinc  nnd  pl>o#inhoniH  to  160° — 160°  for  MTeral  hotir»  (p.  6<>9).  (arm»  wnb 
irHrro  water  n.  volution  which  wht-n  \eii  tocrnporate  depoetU  an  oil  whitii  crratalliMioi 
ooolinff  (p.  009);  and  b^  r^pcnri^lly  rryfitallisin^  this  product  from  hoi  WAtcr  aod 
alcohol,  the  iodoKincat^  ik  obtanieii  in  liu^  white  rnvtala  which  are  oft  tntO>ji- 
phosphine  when  trtMted  with  potash  prnn  in  the  cold  (HofmanD),  When  cTTstalliaod 
pboflphidc  of  zinc  is  heated  for  some  time  with  iodide  of  ethyl  to  170^ — 180*^,  and  tbf 
prodnd  ui  exbatiat«d  with  alcohol,  au  ulcuholic  sohition  in  obtained,  which,  when  l»ft  tu 
eraporate  rery  slowly,  deposits,  together  with  iodide  of  tetretiijlpboaphonituii,  bsaotifot 
tabfeca  of  the  iodoxincato  of  triHhylphosphioeu     (Cahours.) 

OxiDK  OF  TBiHTH-nrHospHiNR,  (CH*)'PO. — This  compound  ii  prodacod :  L  By  tbr 
diriH^t  combiuation  of  Iriethvlpbosphine  with  firee  oxygen.  The  baae  has,  indeed.  *i 
strong  an  affinity  for  oxygen  tuat  it  cannot  be  distilled  withont  oxidation  except  in 
an  atittuephere  of  hydrogen.  In  the  preparation  of  triethylphoaphine  by  tha  pcoeM 
above  described  (p.  609),  a  quantity  of  the  oxide  always  aocumulatra  in  the  re^an 
left  after  distiUing  the  KlncH^bloride  coniponnd  with  potash ;  imd  thewe  residues  may  U 
adrnntigeously  used  for  preparing  the  oxide.  On  subjecting  them  to  distillation,  pari  d 
the  oxide  distils  nrer  with  the  aqueoas  vapour,  while  the  real  pnases  ovir  unly  in  tW 
anbsequcnt  dry  distillation  of  the  saline  n-sidue.  The  distillate,  which  is  an  nqvtm 
solution  of  the  oxide,  is  concentrated  as  much  aa  possible  over  the  wate<r-buth,  witk  *x 
without  addition  of  hydrochloric  acid,  and  the  oxide  of  tnetliylphosphLue  i»  «ep«nt*d 
an  n  Hupt-matunL  oily  layer  by  tht?  addition  of  solid  potaah.  It  is  dried  by  Irarinp  n 
for  24  hours  in  contact  with  ^ttckB  of  potash,  and  then  redistilled,  the*  fint  rorlmii 
uhirh  arc  watery,  being  rejocled,  and  the  receiver  changed  as  aoon  as  the  iiMtUti* 
begins  to  solidify. 

'1.  By  gently  heating  triethylphoapbine  with  oxide  of  mercury  or  oxide  of  silftr. 

^  (Juusidemble  evolution  of  heat  then  takes  place,  the  metal  i»  reduced,  and  oxids  Ht 

^trietbylpho^hine  Hcpjirates  in  uily  drops  or  sometimes  sublimes  in  radiated  crysuk 

It  also  aepamtea  in  oily  drops  when  tnethylphosphine  is  boiled  with  strong  nitricadd, 

and  potash  is  added  to  the  highly  concentrated  bqaid. 

3.  By  the  action  of  heat  on  hydrate  of  tetrethylphosphoniun  : 

(C»H*)*P.H.O     -     (C»H*)^0   +   CH«, 

On  subjoeting  this  compound  to  distillation,  water  passes  over  first,  then  hydride  ul 
ethyl  io  given  off  with  Btpong  intumescence,  and  at  about  200°  oxide  of  tneth;]- 
nhosphiue  distib  over  as  a  viocid  liquid,  solidifying  in  the  neck  of  the  retort  tovmtdi 
{he  end  of  the  operation.     (Uofmann  and  Cahours.) 

4.  By  decomposing  the  chlomnncale  of  tetrethylphosphonium,  2(CH*)*PCL2n*CT, 
with  solid  potash  and  a  small  quantity  of  water.  An  oil  smelling  of  triethrlpboephiBe 
(probably  hydruttj  of  tetrethylphosphonium)  then  collects  on  the  surface  of  the  Mrant 
njCash-lcy.  and  when  subjected  to  distilUtiwn  yields  fhc  oxide  (Pebal,  Ann.  Ch. 
Pharm.  cxx.  194).— 6.  By  the  action  of  hcul  on  hydrate  of  oxethyl-triethyl-phffl|»homam, 
(Hofmann.) 

((?HK)xC»H»)«P.n.O     «     {C»H>)"PO   +  C«H'  +   H«0. 

Oxide  of  trielbylphasphine  crystallises  in  white  slender  needlea  often  several  ineha 
long,  permanent  in  dry  nir,  but  deliquescing  rapidlv  in  moist  air.  It  melts  at  4<^ 
and  solidifies  at  thi-  hujue  temperature  (Uofmann);  melts  at  $2-9°,  and  solidifies  si 
42°  (Pcbal).  Boils  at  240°.  Vapoiusdeneily  4-6»  (Hofmann).  by  ^1<*nlnif?n 
(2  volts.)  =  4-6i59.  It  dissolves  in  all  proportions  in  wat^r  and  in  a/eokoi,  but  is  1«h 
soluble  in  rthcr  ;  on  evaporating  the  aqueous  or  alcoholic  solutions,  the  oxide  snianUS 
at  firrt  in  the  liquid  form,  and  does  not  solidify  till  every  trace  of  the  solvent  has  bsn 
rxpelled;  it  is  also  ppecipitati-d  as  a  liquid  from  the  alcoholic  solution  by  ethei^  and 
from  the  aqueous  solution  by  potaeh.  It  diasolvra  readily  in  acide^  and  is  coQfert<d 
by  hudriofitc  or  hifiirt/hr&mn  acid  into  the  iodide  of  trieLnylphosplune.  fCfl'WI*  r» 
the  bromide.  (C^H^)'PBr».  *-      k-  -,  i         r     . 

Oxide  of  trictbylpbosphine  furms  crj-stalline  compounds  with  caitain  meCallie 
aalta. 

a.  With  Cu^ric  tul^/iuk^  3(C=H*)'P0.Ci|-S0«.-  When  crystallised  cupric  saiptiafstt 
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TRIETUYLPHOSPHINE. 

added  to  heated  oxide  of  triethjipboipbine!,  part  diasolrea  with  dcpp  green  colour  wbil« 
ftnutl]«r  portiou  ie  separated  aa  a  baaic  aalt.  The  grven  aolutioD  tunu  Uae  ou  ailditioo 
«>f  a  htlle  vat^r,  and  when  aTupontod  in  ticuo  orer  oil  of  ritriol,  depoaiU  the  com- 
pound in  green  four-sided  prisms  which  deliquesce  in  damp  air,  jieldlng  needles  of 
oxide  of  tnethylphoaphine.  Theaqueoud  solation  jielda  cryatuU  of  pure  cupric  sulphate. 
(Pebal.) 

B.  With  Trichlorids  oj  Gold.—ThiB  aalt  added  to  a  concentrated  solution  of  tha 
oxido  tlirowB  down  a  deep  j'^llow  oil  which  crystalliaea  with  difficulty,  and  is  soluble  in 
water  and  in  alcohoL     ^Hofmann.) 

y.  With  Stannous  c/u4>rid^.— Oily  compound  which  does  not  cryatoJliae. 

».  With  Iodide  of  Zinc,  2(0'H')»P0,Zn"I*.— Separalea  on  mixing  the  two  aolutiona 
afl  a  cryHtalline  precipitate,  ur  aa  an  oil  which  gruduallj  sohdifi««  in  the  crybtalliae 
fumi ;  purified  by  recr^rstalliaation  from  alcohol.  It  formfl  monocliuic  ci^ettala  exhibit- 
ing the  eombinatiou  ooPx  .  [  ajpai  ]  .  oP  .  ooP  .  [Poo  ]  .  —P.*  Ratiu  of  axe«  a  : 
k:c  T^  0-9062  :  1  :  1'3312.  Angln  of  inclined  axea  ->  83°  13';  ocP  :  xp  (orthod.) 
-  960  18';  »P»  :  ocP  »  132^  21';  odPoo  :  oP  -  96=5  47';  oP  :  aP  «  9i'  34'; 
oP  :  [P«  ]  -  124°  24';  oaP  :  -P  ==  164°  8'.  Twin*  oocur  with  oP  aa  combinalioo- 
face.  LuBtre  fatty  on  the  faces,  vitreous  on  the  fiructore.  CleaTage  distinct  parallel 
to  oP  and  ocP.     The  crystals  melt  at  Q9°. 

OxTCHi-ottiDE  OF  Tribthtlfhosphikb,  (CH*)*P'C1*0.— WTicD  dry  hydrochloric  acid 
gHS  JH  p:ij»ed  orer  fused  oxide  of  tricthylphosphine,  shining  crystals  of  the  oxv- 
chloride  uro  formed  which  redisaolve  in  excess  of  the  hydrochloric  acid.  If  heat  be 
then  applic-d  to  drive  off  the  excess  of  acid,  there  remains  a  rcry  deliquescent  cryatiilUna 
niii^H,  aolubitt  in  alcohol,  insolubh*  in  ether.  The  solution  treated  with  plHtinic  cliloride 
forms  a  compound  uf  thut  salt  with  oxide  and  chloride  of  triethylphoffpbiue,  and  when 
Ircutc;!  with  indiilp  of  zino.  it  gi'Dentlly  yields  a  comp'iiind  of  rino-iudide  witli  theuxidtf 
of  frictliylphoHpbine,  and  only  selJora  with  the  oxvfhloride. 

Thfl  platinum-compoHnd,  3(C'H^)»P0.(C*H")"^Cl*.Pt*'Cl*.  Beparales  also  nnme- 
diutfly  in  the  i^'ryMiLlIine  form  when  dry  oxide  of  trictfaylphoflphine  is  ooixi^d  with  a 
eatoratetl  alooholic  Kclntion  of  platinic  chloride.  By  recrystalliaatioo  from  alcohol,  it  ia 
obt^iied  in  large  orange-red,  six-sided  monocUnic  priama,  exhibiting  the  faces  wPoo, 
oP,  ooP,  +l'a>,  +  JP.  Ratio  of  axes  a-.b'.c  «  06308  :  1  :  1'5776.  Angle  of 
inclined  axes  =  73^  42';  odP  :  mP  (orthod.)  -  113^  22';  oP  :  ocPoo  =  10<J»  18'; 
oP  :  »P  =  98°  52' ;  oP :  +  Poo  =  110^  12' ;  ooP  :  +  P  =.  160^  3'.  Cleavage  dis- 
tinct parallel  to  +  Poo  and  c»P  (Phil.  Trana.  1860.  p.  419). 

The  eine-compound^  (CH')*PCl'O.Zn"l',  forms  transporeot  colourless  octahedrons, 
soluble  in  water  and  in  alcohoL 

SiLBNiDB  OP  Tkiethtlphosphixb,  (CII")*PSe.— pTepwed,  like  the  Bulphide.  by  tha 
direct  combination  of  triethylphosphine  with  selenium :  the  reaction,  however,  ia  leM 
powerful  tliaii  with  sulphur. — CrystalUoes  ^m  water  aa  easily  aa  the  sulphide,  but  the 
BoIntioD  ia  apt  Lo  uuder^o  partial  decomposition  when  exposed  to  the  air.  Krcn  the 
dry  cryEtais  kta  slowly  reddened  in  the  air.  Melts  at  112°^  and  is  easily  Tolatilised 
with  partial  ducompoailian.     (Caboura  aud  Hofmann.) 

StTLPttiDE  OP  TaiBTHTLPHO&FHiNB,  (C'H*)*PS. — This  coiiipouud  IS  produccd :  1.  By 
the  direct  combination  of  triethTlphoephine  with  sulphur.  Plowers  of  sulphur  art 
gmdualiy  iolroduced  into  an  ethereal  solution  of  triptUylpho^phine  till  a  portion 
nuUDS  nfldissolred,  th(i  liquid  effenrescing  on  each  itddition.  The  ether  is  then 
TolatiHssd,  and  the  residuary  mixture  of  the  sulphide  and  iree  sulphur  treated  with 
boiling  water,  which  diKsolTcs  the  sulphide  and  on  cooling  deposits  it  in  perfectly  pure 
crystals. — 2.  By  dlsdUing  tricthylphosphine  with  ciniuibar,  which  is  then  reduced  to 
mcrcurous  sulphide  or  to  metallic  mercury. — 3.  By  tlui  action  of  triethTlphospbineon 
sulphido  of  nitrogen  (p.  611). — 4.  By  the  docompositi>iD  of  carboHulphide  of  triethyl- 
phosphino  wttli  wat«r  or  silver-oxide. — 6.  By  the  action  o(  mercaptan  on  triethytpbos- 
phine  in  presence  of  air  (p.  611). 

By  slowly  cooling  tlie  aqueous  solution,  the  compound  is  obtained  in  beautiful  white 
seedle-almped  crystals  often  fire  or  six  inches  long.      These  crystala  are  six-sided 

friama  with  pyramidal  summits  (system  hexagonal),  ejLhibiting  the  combination  ooP 
t  rarely  with  qoP2.  Length  of  principal  axis  »  0-8211.  Angle  P  :  P  in  the  termi 
nul  edges  =  143"^  16';  in  the  lateral  edges  -  78°  9';  P  :  »P  =  129°  4'.  They  are 
opticaS^  positive,  the  index  of  refract  iontwing  1*66  for  the  extraopdinary,  and  1  d9  for 
the  ordinary  ray  (Phil.  Trans.  1860,  p.  423).  The  componnd  melts  at  94°  and  resoli- 
difies at*88°.     WLun  boated  beyond  lOC^,  it  is  TolatiliM'd  and  diffuaea  a  white  rapour 

*  ThecrjitAlltDflformt  aDilopUcAl  prop«r(lpiof  thiiiiul  th<>ottier  lompoundi  of  lhepho*phoru»-baM», 
■a  dctermlufHl  br  QuIntltiotJell*,  arc  Uillf  dcscrfbod  In  11t>fuiAna'n  M*nioir  (Plitl.  Trmiu.  IMO, p.4aS); 
alto  lit  SflLi't  Mpinoir,  "  .SuJ/c  ybrwr  rri>iai/fM  tfi  a7ctii«i  «a/f  Ariw^ti  -UiW  smummuica,"  TK^nno,  Ifital 
(frtim  thr  "  M«*moriv  drlla  Ilvalo  Atx'aft«tnlii  delle  Sclviiie  dl  Torino  *'  [i]  xx.).  Sc«  ftl»o  J«hre»to.  1660, 
p.  931  €t  icf.  i  lh61 ,  p.  467  irtf  «rf. 
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Imring  i  diugrseBble  salphtir  odonr,  which  is  but  alightly  peroeptible  M  oonaMai»i 
peMtorcA.  Wh^n  henied  with  »  quantity  of  w«t«r  not  sufficient  for  iim  ■ubhuB,  A 
xiMfS  to  the  ffurfaca  in  the  form  of  u  LranspareDt  oil  which  ie  copiouJj  ToUUlJMd  «ich  | 
the  aqupoua  Toponr. 

Sulphide  of  triethylphosphine  is  instantsDcoasly  deoompooed  by  potntttwrn  or< 
with  separation  of  triethTlphospbini% 

It  is  much  more  Moluble  in  hot  thitn  in  cold  water,  only  a  sm&li  quantitT  fM 
diiiBolTed  at  ordinary  toroperaturvs.  It  is  still  leas  solublr  io  alkaline  Iwmds. 
adding  an  alkali  to  the  oold  aquoons  solution,  the  mixtare  becomes  turbid  lad 
deposits  small  crystals.  On  aoding  potash  to  the  boiling  maturated  aqncoms  Mlukc^ 
the  sulphide  instantly  sepArutes  in  oily  dn>Ds,  which,  as  the  liquid  oools,  npidly  «ili4ii^ 
Into  spherical  segregates  of  cryit^ils.  It  dissolTM  ersn  more  readily  in  ambti  taA 
rMsr,  and  in  dittdphide  of  carbon  almost  withoat  liuiil ;  from  this  aolvent  it  does  Mt 
crysUUise  perfectly. 

The  aqueous  solution  is  without  action  on  regera^ile  colours;  the  ccnDponnd  wm* 
thelcBS  appears  to  possess  weeic  basic  propetties.  It  duwolres  more  reamly  in  kjfdn- 
chloric  acid,  especially  when  concentrated,  than  in  wat^,  aud  the  solution  funu^ 
with  tetrachloride  of  platinum  a  yellow  precipitate,  which  bowercr  rapidly  cakes  iotos 
rr-sinoufl  mass,  giving  indications  of  di>coinposition  by  the  separation  of  platinic  solpfaiila 
The  aulpliide  also  dissolvea  in  dilute  tulphario  and  nitrto  acids;  ooDcentratad  nitric 
acid  decomposes  it ;  the  fuming  seid  gives  rise  to  a  sort  of  deton&tioii.  The  aqasoai 
solution  is  not  affected  by  accUtU  t>f  iNid,  nitrate  of  tilver,  or  mFrcurie  aaide^  estn  il 
the  boiling  temperature ;  the  alcoholic  solution,  on  the  other  fa&iKi  is  infttantanwl) 
decomposed,  with  separation  of  tho  sulphide  of  lead,  lilver,  or  mercorr. 

CPS  r  }  P 

Carbosuu^ids  of  TRurrHTLrBOsrHuia,  (C'H*)*P.CS»   «-  fC*H*>*[s"       '^"^y* 

phoepbine  and  disulpbide  of  carbon  conibiue  together  wtt-h  riolenoe,  forming  a  nA 
crystallioe  mass.  On  mixing  the  two  substances  in  slc(.>holic  or  ethereal  solution,  lh« 
compound  immediately  separates  in  red  crystalline  lamiuiP.  which  may  be  purified  bj 
recrystalUsation  frooi  alconol,  and  dried  ovoroil  of  vitriol.  It  forms  dark  red  mo* 
Dociinic  prisms,  in  which  the  axes  a:b:c  •«  1'6970  :  1  :  09206.  An^e  6 : e  « 
66^49'.  ObserTed  feces  ot>P».  [  ooPoo  1.  oP,  qdP,  4-P«.  Angle  ooP  :  »P  (ortfaoi) 
=>  66°  l^;  oP  :  »Pqo  «  123°  11';  oP  :  »P  -  119'='  O*;  oP  :  +  P»  -  122°  IT- 
Cleavage  distinct  parallel  to  [  xPx']  and  odPcc  (Phil.  Tnus.  ISflO,  p.  42B).  Il 
melts  at  90°  and  rotatiliscs  at  100°.  Heated  with  water  in  a  sealed  tube  to  \0(f  for 
ssTeral  days,  it  is  deonmposf'd,  with  formation  of  sulphide  and  oxide  of  triethyfaibbs- 
phine,  hydrate  of  methyl-tricthylphosphDniam,  and  carbonic  disulphide,  the  laocr 
being  Amber  partly  converted  by  tha  water  tuto  carlionic  dioxide  and  snl^ydbe 
acid: 

4[(C»H»)'P.CS']  +  2H«0  =*  2{C»H»/PS  +  (CH'/PO  +  (CH»)(C«H»)*PHO  +  3C?. 

The  alcoholic  solution  boiled  with  oxide  or  nitrate  of  niwr  yields  sulphide  of  tii* 
ethylphosphins  together  with  metallic  silver,  sulphide  of  silver,  and  carbonic  dioxids: 

(CHVP.CS*  +  2Ag»0    =   (C*H»)"PS  +  Ag»3  +  Ag*  +  CO'. 

Carbosulphide  of  triethylphosphine  diasolres  in  strong  kydrvckloric  acid,  bat  ii 
precipitated  by  potash  or  ammonia  without  alteration.  The  acid  eolation  forms  with 
triehloride  of  po/d  and  with  tetrachioridf  of  platinum,  yellow  amorphous  double  a&Jts. 
vhich  are  insoluble  in  alcohol  and  ether,  change  colour  and  give  oflf  bydrochloric  add 
during  drying.     The ptalinum-sait  «  2[(C»H*)'P.CS'J  H''a'.Pl"Cl\     (Hofmana) 

6oj.paocYANATa  or  TRnmnapaoaPHOsiuM,  ((?H*/HP.CNS    -   (C»H*/>«-    fvh 

H  )^ 
dncMl  by  dissnlviug  triethylphosphine  in  mlphocyanie  acid.  When  heated,  it  partly 
volatilises  undocompoecd,  but  the  greater  part  tniffers  deoompoaition,  giving  off  sulpbids 
and  carbo-sujphide  of  triethylphosphiue,  together  with  frc«  carbonic  disulpliide  sad 
leaving  a  brown  iU-defined  substance  which  gives  off  ammonia  when  treated  with  as 
aikuli.    (Hofmaon.) 

Tetrettaylpliospbonliizn,  (CHM*P. — Known  only  in  eombination.     The  Wrttlr. 

(C'H*)*P?  ~y        ■ 

l£[  0,  is  obtained  by  the  action  of  silver-oxide  on  the  iodide.     A  strongly  slks- 

line,  nearly  inodorous  bitter  liquid  is  thereby  formed,  whidi  retains  a  lit4le  aQvcr  in 
solution,  and  dries  up  over  oil  of  vitriol  to  a  crystalline,  extremely  deliquescent  asaa, 
the  silver  sepmratiDg  at  the  some  time  as  a  black  powder,  or  as  a  brillianl  mtCaJlic 
miiTor.  Thin  mass  when  redissolved  in  water  yields  a  colourleaa  liquid  free  from  silver, 
but  generally  containing  carbonic  scid.  The  solid  hydrate  absorbs  water  and  oubonis 
acid  with  avidity. 
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Xo  its  deportment  with  orhrr  subbtnncos,  hjdrateof  Ulretbjripboj'pbonium  rcsemblM 
Inrdrate  of  tetivtbyljimmoniuin  (ii.  661),  its  dolutioa  reacting  with  moiallio  iwilu,— 
IiKe  tt  solution  of  OAustic  potash;  butsomo  of  the  precipitates,  t.g.  aJumioA  and  zinc 
oxide,  diseolre  iesa  rra<lily  in  excess  of  the  phonphoruA-haso. 

The  bydrate  is  resolved  by  heat  into  hjdride  of  ethyl  and  oxide  of  triethjlphoBphine 
(p.  612).  If  however  it  iuu  b«<pD  exposed  fur  some  time  to  tiie  air  and  has  abiiorbed 
carbonic  acid,  a  different  decompoiitioD  takes  place,  the  carbonate  of  tetrethylphoapbo- 
niuni  being  resoWcHl  into  Iriethylphosphinn  and  carbonate  of  ethyl,  which  passea  ovRr 
in  the  form  of  an  inflamniable  aromatic  liquid,  without  any  evolution  of  permanent 


gw: 


[(C»H*)'P]'CO*       «       2(CH*)«P     +     (C»H»)''CO«. 


SaltB  nf  TptrethylphoBphonium.— Thehydratedissolvea  in  hydrochloric, nitrio 
and  sulphuric  acid;*,  forming cr^'stalliHablc  dclique«4>rnt  nalta,  HohibJe  m  alcohol  but  for 
the  mcj«l  part  inwituble  in  other.  The  ktfdrochioraU  forms  sparingly  solabtt^  precipi- 
Uites  with  ihi'hUiriile  of  gold  and  tetrachloride  of  platinum.  The  ffUd'taitt 
(C*H*)'P.AaCl",  crj'stslliBPS  from  boilinf^  water  in  shining  yellow  n^odlea.  The 
plat-in um-saU,  2(C'n*J*KPtCl*,  i»  h  pule  omnge-jfllow  precipiUite,  nparingly  soluble  in 
boiling  wat^r,  inBolubI(>  in  alcohol  and  ether,  not  deoomposing  at  UW^.  When  recry- 
aralii^ed  from  boiling  water,  it  forms  regular  octahedrons  having  their  summits  replaced 
by  faces  of  thf*  cube. 

CAAjroflncfli*-,  2((::'H*)*PCLZn'*CP.— Whenoxychlorideof  phoKphoms  in  add^-d  by 
drops  to  pure  zicc-etbyl,  a  nolent  readioD  is  set  up  (explottire  if  an  ethereal  solution  of 
ainc-ethyl  is  used),  and  a  colonrlcsij  syrup  is  formed  whieb  gnidmilly  solidifies  to  a 
vitrt'oiiH  m;iH«,  which  ia  dec(jFTi|>osod  by  water  into  gufuvus  hyJritle  of  Ptlijl,  iiifwluM" 
oxycblorido  of  zinc,  and  a  solution  which  when  evaporated  over  oil  of  vitriol  yields  the 
chlomcincate  in  ooburless  traospamnt  dimetric  crystals : 

4Zn7C«H*)«  +   2P0a'     =     2{CTI»)«Pa.Zn"a»  +   2Zn"0   +   ZaXl«. 

The  double  salt  is  pcnnanf^nt  in  the  air  and  easily  soluble  in  water.  (Pebal,  Ann.  Ch. 
PLann.  cjtx.  198.) 

Itniidf,  (C*U*)*Pl. — On  mixing  triethylpboephine  with  iodide  of  ethyl,  a  violent 
action  ensueH  after  a  fnw  momenbt,  theliquid  effervescing  with  almost  <»xpIosive  violence, 
and  then  solidifying  in  a  white  crrstiilline  mosjt.  If  an  ethereal  solution  of  triethylph-^s- 
phine  is  used,  the  crystals  form  more  slowly.  It  is  also  produced  by  subnutting 
nydnite  of  ethvlene-hrxcthyl-diphosphonium  (p.  621)  to  the  action  of  he«t,  and  ncu- 
tralisini;  the  fllkallno  residue  (which  contains  hydrate  of  tetrethylphoflphonium)  "with 
hydrioilic  Hi'id. 

Iodide  of  tetrethylphosphonitim  crj^stallifios  in  rhnmbohednd  rorabiniitinos  (more  or 
less  complex  according  to  the  mode  of  preparation)  of  the  facM  oR.  acP2,  R,  —JR. 
i^P2.  The  angles  of  the«e  several  faces  in  the  terminal  edges  are  as  follows  :  tt  :  R  = 
83^  26' ;  5P2  :  |P2  -=  127°  5' ;  |P2  :  |P2  »  139°;  -JRi-JR  -  1U0  46';R: 
oR  =  120°  28*;  oR  :  }P2  «  117*'.  Isomorphous  with  iodiJe  of  silver.  (Phil.  Trans. 
1860,  p.  533;  Jahreab.  1861,^.  478.) 

The  iodide  is  very  soluble  in  water,  less  soluble  in  alcohol,  insoluble  in  ether  The 
aqueons  eolutioa  cryHtalliaes  on  addition  of  potash-solufon,  in  which  this  compound, 
like  the  iodides  of  tetnunethylammoninm  and  tetrethylummonium  (ii.  662  ;  iii.  9991. 
is  but  slightly  soluble.  Frum  the  alcoholic  solutim  it  is  deposited  on  addition  of 
ether,  as  a  crystalline  powder.  If  ether  be  added  to  n  cold  alcoholic  solntion,  as  long 
as  the  precipitatf)  first  fnrmed  is  dissolved  by  boiling,  well-formed  crystals  of  the  iodide 
are  deposited  on  coiding. 

lodoeincate,  2(C=H*)'PI.ZnT.— This  salt,  which  constitutes  the  chief  product  of  the 
action  of  ethylic  iodide  on  crystallised  phosphide  of  sine  (p.  609),  forma  beautiful 
yellowish  crystals.     (Cahonrs.) 

Metbyl-trlethTlpboaphonlnm. (C]T>XC=H>)'P.— The  ioduU,  (CH'KCH^TI,  ia 
produced  by  direct  coiij}»iitiatiori  of  niethjUc  iodide  with  triethylphowphine.  The  hydratt 
iH  obtJiincd  by  tr*'ating  the  iodi<le  with  silver-hydrat'',  or  by  mtating carbosulphide  of 
triethylphof-phine  with  water  (p.  6U1.  The  jinuennt,  solution  mixed  with  hydrochloric 
acid  and  tctmchloridL-  of  platinum  yield*  thi*  ^Jatinuhi-t^ait,  2(CH*)(C»H*)*PCl.PlCP. 

atliyl-trlniethjriptaosphonlain,(CnP)(CH')'P.~Tbe  iodide,  (C»Hn(Cff')«PI.  is 
obtained  hy  adding  ioH;lide  of  elhyl  to  an  ethereal  solution  of  trimoUiylphosphine,  and 
purified  by  recrystallisaUon  ftom  boiling  water.  The  kydraU,  obtained  by  deoompOHing 
the  silver-salt  with  silver-hydrate,  yields  with  hydrochloric  acid  and  tetrachloride  of 
platinnra  a  j»fa(in urn-salt,  2(C»H*)(CH")'PaJ't'CP,  cryttalliaiDg  in  laige  weil-defintd 
octahedrons.  * 
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<y.  Amyl-eompoundg. 

THmethrlainjlpho«pho&lnin«  C"H»P  -  (CH«)\C»H'»)P'— The  Mtl^ 
C*H**PI,  ia  dt'fKwited  slowly  from  an  elfaerp&l  miztXLre  of  iodide  of  amyl  azui  triaetli^. 
phosphiDe.  It  is  extremely  solablp  in  watpr.  po  tluit  if  tb«  et'bereol  solution  ol  (Q£ii 
of  ftrayl  oontainB  only  a  trao«  of  w&ter,  the  salt  Mparates  in  th«  form  of  a^rap  vtiii 
only  gradiuiUy  solidiflet.  From  mboolate  idoohol  it  eryst&lliMes,  tboo^  with  diAedtj, 
in  needles. 

CfUomplatinaU,  2(CH*)\C*H")PCl.PtCl*.— The  hydrate,  formed  from  tlieiodidab; 
meana  of  livdnttc  of  cilrer,  yields  with  hydrochloric  acid  and  tetrachloride  at^ 
a  very  M)Iublu  platinum -salt,  which  crystuUi^*^  from  bulling  water  ia  sj ' 
aggregated  in  sphrrales.     (Hofmann  and  Cahonrs.) 

THethxlamytpboaplioainiD,  C'H'^  -  (C'U')*(C*H>i)P. — Iodide  of  anjl aeti 

Imt  (fluwly  on  tnt(tiylph<jspbtDe.  An  ethereal  mixture  of  thr  two  aubatanoM  dnaate 
in  a  few  days  benutiful  crystals  of  the  iodidt  C'H^PI,  which  majr  be  ptihAed  $j» 
lution  in  alcohol  and  precipitation  by  ether. 

The  Itydratr,  obtaiofd  by  treating  the  iodide  with  hydrate  of  ailrer,  reaemblaitW 
hydrate  nftetrethylphosphonium.  When  heated,  it  gives  off  a  amall  qaantitj  of  i^ 
flnmrnnlilo  gnx,  prohuihly  hydride  of  ethyl,  a  liqnid  being  alfto  formed,  which  boiljil 
about  281)^,  and  appears  to  be  the  ozido  of  diethylamjiphosphine : 

(C«H»)"(C»H»')PHO     =     (C«H*)»(C»H»')PO   +   C»H».H. 

CVorop/a/ina/^  2(C»H'y(C*H'»)PCLPtCl'.— The  solution  of  the  hjdrate  in  hyd». 
chloric  acid,  dopoaitd,  on  addition  of  tetrachloride  of  platinum,  a  beaotiiul  platiwn^ 
Bait,  which  cryataUiaes  in  prisms  with  flat  terminal  planes.  It  ia  inaolublo  id  aloM 
aind  ether,  but  rather  soluble  in  water. 


I 


B.  Allyi'Compounds. 
THathyl-aUTtplioaptaonlam,  CFP^  -  (CniM'(  CH*)P.— Iodide  of  aQxli 
great  energy  on  tricthylphosii'binc,  forming  a  solid  product  which,  when  recmUSwd 
from  alcohol,  yields  splendid  needles  of  the  iodtd^^,  (C'H^AC>H*)PL  The  eklondimA 
hydrate  resemble  the  corresponding  compounds  of  tetrethylphosphonium.  Tlte  ci/o«v> 
pintinaic  crystaUjsca  readily  in  octahedrons.  The  Bulphocyanate,  (C*H*)»((7H»>P.C5S, 
obtained  br  treating  the  hydrate  with  sulphocytuiic  acid,  is  easilyr  soluble  and  OTStal- 
lises  with  diiBcnlty.     (Hofroano,  Phil  Trans.  1860.  442.) 

Trlettayl-aUyl-aulpbocarbo-pliosptionltride,   C>*n<*NPS      +       (C^*)'>p. 

C»H»  r 

(Hofmann,  Phil.  Trans.  1860,  p.  439). — This  base,  metameric  with  the suIphocyanaSa 
jnst  mentioned,  and  formed  on  toe  carbamidf^  or  urea  type,  is  produced  bj  the  dind 
combination  of  1  at.  sulphocyanate  of  allyl  with  1  at.  trifthylphoephine.  ^le  tw» 
l>odie8  act  on  one  another  with  great,  violence,  fumiing  a  browu  mixture  which,  aftv 
some  da^,  yields  brown  ctystals  difficult  to  purify.  It  is  better  to  mix  the  two  sob- 
vtances  tn  ethereal  solution,  a  cr^'stalHue  mass  being  then  obtained,  which  raaybs 
parifiMi  by  washing  it  with  cold  ether,  and  once  recr^'iftttllising  from  boUiiig  ether. 

This  compound  crystallises  with  great  facility  in  colourless,  transparent,  well-dein^ 
nystals,  half  an  inch  long.  Tbev  are  monoclinic,  exhibiting  the  fikct^  ocPoo.oP, 
oeP,  ^  Pao  ,  +  2Pgo ,  +  ^P.  Rau'o  of  axe^  a  \  b  :  c  -  0-8321  :  I  :  03984.  Angle 
of  inclined  axes,  A,  c  =  116°  Ifl'.  Angle  odP  :  odP  (orthod.)  :==  132^27;  oP  :  otP« 
99°46';oP:  »Pao  -116^16';  oP:  +Poo  =  130O26':oP:  +  2Pao  -  lOO^W. 
The  crystals  are  less  hard  than  gyp.^um ;  cleave  easily  and  distinctly  fwfcll«J  to 
obPod  and  oP.     (PhiL  Trans.  1860,440.) 

The  compound  is  inaoluble  in  water,  but  easily  soluble  in  alcohol,  the  aototioB 
having  n  faint  alknline  reaction.  It  melts  at  68°,  and  solidifies  at  61^.  At  a  hightf 
1rmp<'rature  it  doconipoeos,  emitting  a  peculiarly  repulsive  odour,  and  yielding  czyilali 
of  sulphide  of  trietbylphosphiuo  in  considerable  (quantity.  It  diasoWec  readily  in  bydio- 
chloric  acid,  and  the  solution  mixed  with  phitinie  chloride  yields  a  light  ynllow  scaly 
precipitate  of  a  platinum-salt ^ 

O'^H'^'P^PtCl*    -    2[(CS)''(C?H»)»(C"H»)NP].H'Cl'J>t»'a'- 


e.  Phenyl'Compound, 
Trletbyl-ptaeiiyl-snJpXiooarbo-phoapbonltrlilet   C"H^NPS 


(csy 


1 


I 


(Hofmann,  Phil.  Traas.  I860,  p.  432). — This  base,  analogous  in  compoaitioa  toths 


PHOSPHORUS-BASES, 

allyl-compOBBd  joft  daseribed,  is  prodiic«d  in  like  manner  bythediroct  coinbinutiunof 
trit*Lh7lpho6phuie  with  snlphoryBDate  of  pbenvl,  and  likcvise  purified  by  washing;  witli 
ooM  ether  and  CTjstallisatioD  from  boiling  ether.  The  crystals  are  inonoclinic, 
exhibiting  the  fiusra  oeP,  cbPoo  ,  (  oopoo  ),  oP,  with  the  angles  odP  :  ooP  (orthod.)  «> 
91^  6* ;  oP :  odF  -  IO90  60';  oF  :  ooPoo  »  llS"  69.  The  crjrstala  are  about  ai 
hard  lu  gypsum,  and  deare  distinGtly  parallel  to  oepae  ,  with  fibrons  cleavage  parallel 
tu  QopoD .  This  compound  is  homceomorphous  with  the  preceding,  also  with  thioeinna- 
znine  or  Hllyl-sulphocarbamide. 

The  phenylic  phospbonitride  melt-  at  57'6°,  and  decomposM  at  100°  like  the  aUyU 
ooonpound,  emittiog  also  an  extremely  repulaire  odour.  The  same  decompositioa 
takf^  pbue  gradual^  at  common  tomperatures,  and  most  quickly  when  ihe  compound 
is  heated  to  I50°— 160°  in  sealed  tabM. 

The  phospbonitride  in  iusoluble  in  watir,  but  soluble  in  aicokol  and  in  boiling  «/W. 
It  diasoWes  also  with  the  great4S9t  facility  iu  acid*,  even  when  very  dilute,  furmiug,  in 
many  caaea,  pasily  crystallUable  salts  which  are  capable  of  doable  decomposition,  and 
from  which  the  base  may  be  separated  by  careful  addition  of  potash  or  ammonia.  They 
are  however  very  prono  to  decomposition.  Nttrie  add,  even  if  extremely  dilute^ 
doTOmposes  the  compound,  separating  sulphocyaoate  of  phenyl,  and  conxerting  the  tri- 
etbylpbosphine  into  oxide.  The  solution  of  the  base  in  hydrochhric  odd  is  more 
Btable,  but  becomefl  milky  when  largely  diluted  with  water,  sulphocyanate  of  phenyl 
separating  oat,  and  chlonde  of  trietbylphoBphonium  remaining  in  solution.  AinmontA 
added  to  th«ci>ncentrated  hydrochloric  solution,  separates  the  baae  without  decompo- 
sition; but  if  the  dilute  solution  be  boiled  with  ammonia,  the  turbidity  perceptible  at 
the  commencement  disappears  again,  and  after  a  few  momenta,  crystals  of  pocny  1- 
Bulphocarbamide  Mparata,  tnethylphotphine  being  likewise  set  free: 

((>H»)»J2   +  H»N    -    (C»H»)*P   +    C?«H»VN*. 
C-H»  r  H"   ) 

AlosAactain  a  aimilar  maaoer,  excepting  that  it  separates  diphenyl-Btilphocar 
bamtde: 

2    {C»H»)"|p       +  4KH0  -  K»S  +  K»CO»  +  HK)  +  2(C»H»)«P  +    On*/  N«. 

On  adding  a  few  drops  of  carbonic  duulpkide  to  a  solution  of  the  phenylic  phosphu- 
nitride,  the  liquil  Iwcoraea  deep  red,  and  on  cooling  deposits  cryBt^ls  of  cttrboaulphidu 
of  triothylphosphino;  and  the  mother-liqnur  yields,  on  eTaporation,  oily  drupe  of 
ph(-nylie  milphocyanate. 

Hydrochloratt,  C'*H*NPAHCL— The  solution  of  the  phosphonitride  in  hydro- 
chloric ncid  sttlidifiea  on  coaling  to  a  crpitalline  mass,  which  when  recrystallised  from 
ynoderutcly  worm  wntcr,  yields  splendid  cadmium-yellow  a^stals  often  an  inch  long. 
Boiling  water  decomposes  it^  and  the  dry  suit  likewise  decomposes  at  100°.  The  siimn 
is  the  case  with  ail  tne  other  aulta  of  the  base :  they  most  therefore  be  dried  in  racuu 
over  oil  of  vilrioL 

The  ht/drohromate  is  analogous  to  the  hydrocblorata  in  composition  and  in 
propertied. 

The  chioroplaiinatf,  2C'"H»»NPSCl.PlCl*,  separates  as  a  Ught-yellow  ciTslalline  pre- 
cipitate,  or  from  dilute  solutions  in  somewhat  better-formed  erystala,  often  u  lily-«hap«d 
aggregations. 

Mtthyi'iodide,   C'"H"*NPS.CH"I    «    ^  ^7  [  P.— This   compound  is  formed  on 

pouring  iodide  of  methyl  into  an  ethereal  solution  of  the  phenylic  phosphonitride,  and 
H^parates  immediately  as  a  heavy  oil  which  rapirily  sulidtfies  iuto  a  crystalline  maaiL 
It  is  soluble  in  boiling  walf>r,  and  separatee  on  cooling  in  splendid  golden-yellow 

MethifUhhrojiiatinatf,  C»H*N«P»S»PtCl«  =  2(C"H»NPS.CH»Cl).Pt^«CT«.— The 
rhloride  obtained  by  treating  the  methyl-iodide  with  chloride  of  silver,  yields  on 
addition  of  platinic  chloride,  an  acicular  platinum-salt  baring  this  compositioD,  which 
may  be  recrjatailised  from  boiling  water. 


Mtthyl-hydrate,  C'*H"NPSO  -   C"H«NPaCH»(HO)  =   (C»H•)^C^*)>P.— The 

(CH")H       lo 

iodide  treated  with  moist  oxide  of  silver  yioKU  a  very  caustic  alkaline  liquid  tytotaining 
this  bjdnfcte^  imifimucb  usj  when  ttaturatt^d  with  hydrochloric  acid  and  mixed  with 
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|>Utiaio  chloriJp,  it  yields  the  acicular  plalinum-wdt  juat  dMcribed.     It  k  1 
edsilT  decompoacd ;  for  on  boiling,  it  emita  lh«  odoar  of  phcnylic  salphcK^mxiftl*,  uoA  if 
the  boiline  ^  prolonged  till  this  wlour  ii  no  longer  perceptible,  iwidiuoo  o(  lmin>  j 
chloric  Rcid  ana  pUtiaie  chloride  no  longer  prodaeoi  the  ftcicnl&r  pl&tiDnm-MU,  t»i  ia 
itfl  pUce  Urge  yellow  octahedrons  are  depoaited  OD  fsraporation,   coudAing  of  |' 
chloroplatinnt«  of  methyl-trietbyl-pbosphoniuoL  ~ 


t.Sc 


-compount 


Trietbyl-benmyl-phosplioiitiun.    The  ekloride,  (C»H*)^C'H')PCI,  i 
by  heating  triothylphoephinw  mth  chloride  of  benzylene,  C*H*C1*,  t«  ISO'*- 
m  prettence  of  alcohol : 
3(<?H»)'P   1-   CH'Cl*  +  IPO   -  (C^»)"(CrH')FCl  +  (C«n*)»HPCI  +  (OUTWlj 

"The  bcneyl-photfphoninm  bnee,  liberated  by  mscceesiTe  tj-eatment  with  batTta.  oiidt4] 
■ilvtT,  and  carbonic  acid,  forme  a  strongly  alkaline  liquid,  yielding  a  well  i 
bat  ver?  deliqneacent  iodide,  and  a  eparingly  (foluble  pUtinum-ealt,  which  when  i 

-  talliwd'  from  boiling  water,  exhibited  the  composition  2[(C«H»)*(CH')PCl)PlCl*. 

If.     AfonophoephoniutnB  produced  by  the   action   of  Diatomic  ofcfik^Ue 
BromtdfM,  Chlorides,  ^e.  on  Trimethyl-  and  Triethyl-pkotpkint. 

Brometbyl-trtetlijl-ptaoaplionlum.  (C*H*BrXC»H>)T.— The  bromiiU  eit^ 
radicle.  C»U"PBr»  -  {C>H*BrMC"HM'PBr.  is  pro<inc<Hl,  together  with  dibrocnide  of 
elhylene-hexethyl*diphosphonium,  by  the  action  of  dibroniide  of  ethjl«ii«»  o&  trietfajt- 
phoaphiue (pp.  608,  6U): 

{Cm*yP     +     C'H'Bt*       -      (C»H-Bp)(C«H»)«PBr 
uid  TiCm^yV     +     C»H*Br»      «       (C»H*)"(C"H»)*P^r«. 

The  mixture  becomes  tnrbid  at  fin^t  and  gradnally  solidifies  to  *  aalixie  mass  of  tb* 
two  saltA ;  the  action  ie  accelerated  by  gentle  beating.  It  is  best  to  add  the  d£bniaidi 
of  ethylene  to  triethvlphonphine  mix^  with  twice  its  Tolume  of  ether  in  ■  flodc  flDad 
with  carbonic  dioxide  and  provided  with  an  upright  condensing  tube.  As  soon  ai  tKa 
liquid,  on  being  heated  with  e&rbontc  dienlphide  (p.  710),  gives  no  ftutlier  indiahoa 
of  the  presence  of  free  triethylphosphine,  the  separated  eivstada  are  coUeeted  en  i 
filter  and  waabod  with  ether  to  free  them  from  adbering  dibromide  of  ethylene.  To 
separate  the  two  bromides  (wliicb  are  accompanied  bv  small  qoantiLies  of  oxide  tad 
hydrobromAte  of  triethylpho^hine)  they  are  crystallised  three  or  fonr  times  froo 
absolate  nlfohul,  mixed  for  the  last  crystallisation  with  a  little  ether.  The  much  son 
soluble  dipho<<phonium- bromide  then  remains  in  the  mot  her- liquors,  and  the  bromidr 
of  brumf'thyl-triethyl-pbosphonium  is  ultimately  obUiinpd  quite  purs  and  sometimei  io 
Kcporate  wpll-dpTplopwl  pryslals. — 2.  Crominated  ethylie  bromide  (CH'Br.Br),  acta 
upon  trietbylphoephine  in  a  similar  manner,  but  less  energetically,  and  yields  a  amattcr 
proportion  of  the  monophosphouium-bromide. 

Bromide  of  bromethyl-triethyUphospbonium  ciystallisea  in  white,  inictooQ^  nndi 
elongated  rhombic  dodftcahedrons*  very  soluble  in  water  and  in  aqueous  aieoholf  hm 
eojoble  in  absolute  alcohol.  It  melts  at  236'^,  and  deomnposes  at  higher  tempenatarM, 
giving  off  hydrobromic  acid 

5//(yT-M//ji  added  to  a  coM  solution  of  this  bromide,  throw  down  only  half  the 
bromiof ,  yielding  wUta  of  bromethyl-triethylphoMphonium  which  generally  form  doable 
salts  with  the  excess  of  the  silver-sail.  On  continued  boiling,  howpver.  the  whole  of 
the  bromine  is  precipitated  as  bromide  of  silver,  with  formalion  of  a  salt  of  rinyl- 
tripthylphosphonmm  {p,  608).  It  is  on  account  of  the  greater  force  with  which 
one-half  of  the  bromine  is  retained,  that  the  compound  is  snppoaed  to  oootain  s 
bmminated  radicle.  For  another  riewof  the  constitution  of  this  and  similar  compound*, 
see  Amcoxiru-BAflBs  (i.  107).  Silver-oridf  digested  with  bromide  of  brmneuvl-tzi- 
etbylphotiphonium,  precipiutes  all  the  bromine,  and  forms  a  solution  of  hydrate  of 
oxethyl-tnethylphofiphonimm.  Potash  has  no  action  on  the  compound  in  the  eold;  aftn 
prolonged  boiling  it  produces  reartionn  which  have  not  yet  been  examined.  "Wlmi  a 
solution  of  the  bromide,  acidulated  with  rtt/rhunc  and,  is  digested  with  graoolsled 
rine,  bromide  uf  telrethylphosphonium  is  produced  : 

(C»H<BrXCqi*)»PBr    +    H'     =-     (Cm^yPBr  +    HBr. 

Bromide  of  bromelhyl-tripthyl-phosphoninm  unites  with  I  aL  tHrihyt-  or  trim^gt- 
pKotphine,  forming  dibromide  of  ethylpne-hexetbyl-diphosphonium  or  of  ethyl*ne-tri- 
methyl-triethyl-dinhosphoDium ;  similarly  with  I  at  ammonia,  tthylavtine^  diethyi- 
amine,  and  trimflkytamiinr,  forming  dibromides  of  phos^hammoniums:  e.g. — 

(C»H*BrKC'H")^PBr   +   Nfl»     =     [CCH')-(CH*)»H"PN]'^e. 
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Tnetl^lamiHe  alone  acts  id  a  different  way ;  in  pre«PDce  of  not  perfectly  dehydrated 
aloohol,  it  forms  bromide  of  oz6thyl-trieihyl*phosphonium  and  bromide  of  trietbyl- 
■nunonium : 

(0^*Br)(C»H»)»PBr  +  (C^*)»N  +  H»0     -   (C^»0)(C?H»)T»Br  +  (C«H»)"HNBr- 

If  water  be  completely  excluded,  no  action  takes  place  at  100^,  and  the  products  formed 
above  130°  have  not  yet  been  examined. 

Chloride  of  Brometkyl'trUthyl-pkoaphonium  is  obtuned  by  digestang  the  bromide 
with  chloride  of  silyer.  It  is  verf  soluble  in  water  and  in  alcohol,  and  only  imperfectly 
oystallisable.  The  chioro-awate,  ( CH*Br)(  C*H»)'FCl And',  dystaUiaes  from  boiling 
water  in  light  yellow  needlee  slightly  soluble  in  cold  water.  The  cHloroplatinaU, 
2[(C*H*BrXC*fl*)'PCl]PtCl*,  forms  long  monodinic  prisms  having  an  orange-yellow 
colour  and  vitreous  lustre.     The  crystals  are  combinatiotui  of  the  faces  oopgo ,  [  ooPod  1, 

ooP,  +?»,  -Poo,  [Poo],  +P,  -P,  2P2.     Angle  ooP  :    odP  (orthod.)  -  SI®  49'; 

ooP:  +P«  133°  45';  a>P:  -P  «  133°  8';  +Pao  :  +P  -  160"*  ZT;  -P«  :  -P 
«  WOO  14/.  2P2  :  -P  -  160°  63';  2P2  :  ooP  «  141°  Z9'  (PhiL  Trans.  1860, 
p.  497).  Katio  of  axes  a:  b:  e  »  0-9686  :  1  :  0*6580.  Angle  of  inclined  axes  &,<;>» 
89°  2*.  The  salt  dissolves  rather  sparingly  in  cold,  more  easily  in  boiling  vater,  and 
may  be  recrvstallised  without  decomposition. 

Iodide  of  Bromethyl'triethyl-^hosphoniumj  obtained  by  decomposing  the  sulphate 
with  iodide  of  barium,  forms  sparingly  soluble  pearly  scales.  The  nitrate  is  similar  to 
the  chloride.  The  sulphate  separates  in  long  white  needles,  easily  soluble  in  water  and 
alcohol,  when  the  bromide  is  first  converted,  by  treatment  with  silver-sulphate,  into  a 
double  sulphate  of  silver  and  bromethyl-tziethyl-phosphonium,  and  the  solution,  after 
being  freed  from  silver  by  sulphydric  add  and  evaporated,  is  mixed  with  a  little  alcohol 
and  ether.     (Kofmann.) 

Cliloretl&rl-tri«tliyl-plkoaplionliiin.  (C'H«a)(C^*)*P.— When  triethyl^hos- 
phine  is  left  in  contact  for  several  days  at  common  temperatures  with  dichlonde  of 
ethylene,  or  with  its  isomer,  monochlorinated  ethylic  chloride,  a  white  czystalline  mass  is 
formed,  which  contains  chloride  of  chlorethyl-triethyl-phosphonium,  together  with  a  large 
quantity  of  dichlonde  of  etbylene-hexethyl-diphosphonium.  On  mixing  the  aqueous 
solution  with  tetrachloride  of  platinum,  a  pale  yellow  crystalline  precipitate  is  first 
formed  consisting  of  the  platinum-salt  of  the  diphosphonium ;  but  this  aft«r  a  few 
hours  becomes  covered  with  deep  orange-yellow  crystals  of  the  monophosphontum 
platinum-salt,  easily  separated  from  the  preceding  by  mechanical  means.  The  cA/oro- 
floHnaU,  2r(C'H*ClXC'H*)*PCl].PtCl«,  is  more  soluble  than  the  corresponding  brom- 
ethylated  salt. 

Chloride  of  chlorethyl-triethylpbosphonium  is  also  produced  by  the  action  of  penta- 
ehloride  of  phosphorus  on  the  chloride  of  oxethyl-triethylphosphoninm : 

(c«HH)xc*H')»pci  +  pa»   -   (c«H*a)(c>fl»)"PCi  +  Ha  +  poci«. 

Oxetbyl-triettijlpbospboiiliim,  C^">PO  -*  (C^H))(C«H»)'P.— The  hydrate, 

H       !^*  *"  obtained  by  digesting  bromide  of  bromethyl-triethylphospho- 

niam  with  hydrate  of  sUvecr: 

{Cm*Br)(C^»)'PBr  +   2AgH0     -     (C*HK))((?H»)»PHO  +   2AgBr; 

or  by  decomposing  the  sulphate  of  broraethyl-triethylphosphonium  with  caustic  baryta. 
When  the  filtrate  obtained  in  either  case  is  evaporated  over  oil  of  vitriol,  there  remains 
a  very  deliquescent  syrup  from  which  potash  separates  the  base  in  oilv  drops.  When 
strongly  heat«d,  it  is  resolved  into  oxide  of  triethylphosphine,  ethyleue-gas,  aod 
Water: 

(C«H»OXC*H*)«PHO     «    (C»H»)T?0   +   C«H*  +  B.«0, 

The  hydrate  dissolves  easily  in  acids,  forming  more  or  less  crystaUiaable  salts. 

The  bromide  and  chloride  are  indistinctly  crystalline,  extremely  soluble,  and  easily 
form  double  salts  with  bromide  and  chloride  of  Eine.  Tlie  chloride  is  violently  at- 
tacked by  pentabromide  of  phosphorus,  and  converted  into  chloride  of  bromethyl- 
triethyl-phosphonium : 

(C»H»0XC?H*)'PC1   +   PBr»     -     (CH^BrXCH^PCl  +   POBr"  +  HBr. 

The  ekloro-aurate,  ^C'H»0)(C»H*)»PCLAuCl»  forms  aold-yellow  needles  which  dis- 
solve sparingly  in  boihng  water,  and  melt  to  a  yellow  ou  when  the  quantity  of  water  is 
insufficient  to  dissolve  them. 

The  chloroplatinaie,  2[(C»H*0XC»H»)*PClJJ>tCl*,  crystallises  ou  evaporating  a 
solution  of  the  chloride  mixed  with  tetrachloride  of  platinum,  in  small  oran^yeuow, 
well-developed  quadratic  octahedrons,  in  which  the  angle  P :  P  in  the  terminal  edfoi 
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.  70°  7'— 71°  V(calc  70°  32');  and  in  the  lateral  edges  IQ9^  »— 1< 
109<>  28^  (Fhil  Tz«xi5.  1860,  p.  464).     The  salt  is  eaailv  aolable  In  hot  water. 

The  iodide,  (C«H*0XC*H»)"P1,  crjrtaUiws  from  a  BolutioD  of  Ube  Lydmte  Mt«rdf4 
with  hydricxlic  acid,  and  lefl  to  evaporate,  in  long  oeedlea  which  deoampoM  At  IMP. 

The  ptrchloratf  forms  laounic  slightly  soluble  m  cold  wntar. 

Vlayl-trlethylpboaptaonlnm,  (CH'XC^H'VP.— 1.  The  salt*  of  this  U»  m 
obf&inud  by  prolonged  boiling  of  aalts  of  broroethyl-tnethjlphosphoiuam  with  iiItv 
salts,  the  acetate  being  the  niont  eiuily  produced : 
(C»U*BrXCH»)'PBr  +  2AgC'H"0«'=    (C*H«XC"H»)n».C7HK)*  +   C»H*0«  ^  lA^ 

S.  The  hydrate  appears  to  be  produced  und^r  certain  circumstances  by  the  BCtim  4 
heat  on  hydrato  of  oxethyl-tnetliylphosphouium. — 3.  Bromide  of  bromethyi-uictkyl* 

l^iihoi>phoaiuui  is  decomposed  by  proloogod  beating  probably  into  faydiobromic  acid  ud 

[ti-uraido  of  Tinyl-triethyipho«phonium. 

i'hlor'tpiatmate, — The  solution  {1),  ftlt<'rcd  from  bromide  of  silrer,  yields,  oo  aid)* 

fti<»n  of  plntinic  chloridd  and  sufQoient  cooocntnition,  octahednU  CTysrala  of  tlis  ak 
ai'-HVKr-I{VPCl.PtCl*.     (Hofmaiin.) 

todometbyl  -trieUajlpbospbonlnm,  (CH'IXCH>)*F.  — Tncihylphotpbir 
unites  directly  with  di-iodidf  of  mwthylenc  C'H»1',  fonning  the  iodide  (CH'lXCH'ffl. 
which  when  treated  with  hydrate  of  ailrer  at  ordinary  tempcraturca  yields  the  cattm- 
ponding  hydrate  (CH*I)(C»^yPj  ^      (Hofmann,  Proc.  Boy.  Soc  x.  613.) 

Ctaorometnyl-trtetlirlpliospKioaiam.  The  ehUrridr,  (CB*C1  X  C*H*frO, 
DbtHint^d  in  tike  manner  by  the  onion  of  1  at.  dichlorids  of  ethylene  and  1  aL  taietbyi- 
ph'isphine.  forms  with  pUittnic  chloride  a  double  salt  which  crysiaXliMas  w«IL  tW 
chloride  id  capable  of  taking  up  a  secuod  atom  of  tricthylphosphine,  and  forminfciii* 
dichloride  of  methyleno-hexethyl-diphoBphonium.  (CH*r(Cr=H*]^l'^7. 
whidi  ifl  decomposod  ty  water,  yielding  cifdoride  of  methyl-triethylpbocpbuQiaa^anfti 
jf  triethylphusphine  and  hydrochloric  acid  : 

(CH>)"(C«H')T»Cl»   +   H«0     -     (CH«XC^*)'PC1   +   (C»H»)«1X>   +   Da 
(HofmaLn.  Proc.  Roy.  Soc.  xi.  290.) 

BrometUyl-trlmetliylpliosplionlam.     The  br<mide,    (CH*BrXCH'>TBr. 

fiiriiicd  by  di^eitting  a  Kolntioa  of  triiiuthylpbosphine  in  absolate  alcohol  with  a 
large  excess  of  ethylenic  bromide  at  60'-' — 60^  for  seroral  hours,  and  separates  mi 
iiig  Lu  well-defined  crystals,  wbioh  by  a  few  recrystallisations  from  absolute  kIooI 
uiuy  be  obtained  perlVcLl^  fre«  from  adhering  diphn^iboiiiiim-Balt.     The  crystals 
triinetric  prisms  exhtbitmg  the  faces    ooPoo.  odPoo.oP,  ooP,  2P2.       Ratio  of  axe* 
n  ;  i :  c  -  0-0681  :  1  :  0-4071  (Phil.  Trans.  1860,  p.  6B0). 

The  ehloroplatinau,  2(C<H*BrXCIP)"PCLPta\  crystaUisea  in  fine  or«Dge-yelkrv 
needles. 

Ozetbyl-triinetliylptaospboiiliim,  (CHK)KCn'>'P.— The  hydrate  prodnced  by 

thf'  ftetion  of  itilver-hydmt*^  on  tho  bromidn  of  bromcthyl-trimethylphosphoninm  fotmi 
with  hydrochloric  acid  a  very  soluble  chloride,  which  yields  with  t«!trachloridr  of 
platinum  ao  easily  soluble  chloroplatiaute,  2(C^£[*0)(CH')'PCLPtCl\  ci>atallisiic  in 
oetahedroDS.     (Hofmann.) 
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XUbT-lene-bexethyl-dlpboapbonlnm.  C"H'*P*  —  (C*H*)'(0*H*)^.— Iba 
hromide  of  this  diatomic  base,  (C='H*)"(CH*)*P»Br',  is  produced  by  the  aeti«»  o/ 
btvmide  of  etJiylene  on  txiethylpb(»phine  : 

CTH'Br"     +      2((rH»)»P       -       (<?H*)'(C?H»)«P«Br». 

If  the  substances  are  mixed  in  the  exact  proportions  indicated  by  this  equation  (1  toL 
bromide  of  ethylene  to  3  rot.  triethylphosphine)  (he  bromide  of  the  diplios{^Kimiiai n  \ 
obtitinod  nt^arly  pure;  but  if  the  bromide  of  ethylene  is  inexceuof  this  proportiucuth*  ' 
product  will  likewise  contain  the  bromide  of  bromethyl-triethylphoephoaium  (p  GlSt. 
As  ibii!  monatomic  bromide  is  difficult  to  rt^movo,  it  is  better  to  prepare  the  oiatwiir 
bromidfl  by  eiitumtingthc  coiTe.spori.linp:  hyHrat**  with  hydrobromic  acid.  The  dibTOfflidi> 
is  also  raftily  prepared  by  the  action  of  tritthylphosphine  on  the  bromide  of  brornHbrl- 
trietliylphospliuiiium.  its  fonnulion  taking  jilace  in  a  few  minotes  in  an  alcoholic  solo- 
tion  Ii'eated  to  100° 

Thi?  dibromidp  forms  white  needles,  permanent  in  the  air,  Tcry  solable  in  water  ai 
in  ttlcohulj  insoluble  in  ether. 
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0&  adding  bromine-water  to  the  aqueous  solution,  beautiful  jelloir,  but  reiy 
asj^able  Deedlea  are  formed,  probably  consisting  of  a  poly  bromide. 

Bromar^entate,  (CH*)'(C*H»)«P*Br*.A^Br.— When  the  boiling  concentrated  alco- 
ImIm  solution  of  the  diphosphomum-bromide  is  mixed  with  as  much  silver-oxide  as  it 
is  capable  of  dissolving,  the  hot  filtrate  deposits  on  cooling,  white  crystals  of  the  brom- 
azgentate  which  ore  somewhat  difficult  to  recrystallise  from  boilins  alcohol.  The 
■dtrable  salt  is  immediately  resolved  by  water  into  bromide  of  silver  ana  the  bromide  of 
the  diphosphoninm. 

The  bromide  decomposed  with  hydrate  of  silver  yields  the  coxresponding  hydrate, 
which  when  treated  with  adds  yields  the  several  salts  of  ethylene-nezethyl-diphos- 
I^MMunm. 

Carbonate, — Slightly  deliquescent,  reddens  litmus. 

Chloride,  (C«H*)"(C*H*)«P»a».— Produced  by  saturating  the  hydrate  with  hydro- 
chloric add,  or  by  treating  the  bromide  or  iodide  with  chloride  of  silver ;  also  when 
triethylphosphine  is  mixed  with  dichloride  of  ethylene,  or  heated  for  some  time  to  120® 
with  chlorinated  ethy lie  chloride.  It  forms  a  broadly-laminar,  pearly,  very  deliquescent 
crystaUine  mass,  veiy  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  It  is  precipi- 
tated unaltered  from  its  aqueous  solution  by  potash. 

CMloroaurate,  {C»H:')''((?H»)«I«C1^2AuC1'.— Golden-yellow  needles,  sparingly  soluble 
in  cold  water,  easily  in  boiling  alcohol. 

CkloropaUadite. — A  dilute  solution  of  the  diphosphoninm-chloride  is  not  precipitated 
by  chknde  of  palladiam ;  but  on  adding  alcohol,  a  chocolate-colonred  crystalline  pulp 
is  formed,  consisting  of  small  interla<^  needles,  the  concentrated  aqueous  solution  of 
which  deposits  reddjsh-yellow  prisms  on  slow  cooling,  and  a  yellowish-red  ezystalline 
powder  when  quickly  cooled. 

Ckhroniercurate,  2[(C»H*)''(C«H»)fP«Cl*].3Hg"a*.— Thin  white  laminae  or  needles, 
■lightly  soluble  in  water  and  in  alcohoL 

Ciloroplaiinate,  (C«H*)*(C^H»)'PCl*.PtCl*.— Tetrachloride  of  platmum  produces  in 
the  most  dilute  solutions  of  the  diphosphonium-chloride  a  pale  yellow  precipitate, 
which  crystallises  &om  boiling  hydrochloric  acid  in  small  well  developed  monoclinic 
prisms,  having  an  orange-yellow  colour  and  vitreous  lustre.  Inclination  of  axes,  6,  r, 
-  82°  36'.  Observed  faces  oopoo .  [  oopoo  ],  oP.  Cleavage  perfect  parallel  to  all 
three.     The  salt  is  nearly  insoluble  in  water,  whether  cold  or  boiling. 

The  cAlorosiannite  forms  Urge  prisms,  probably  containing  (C*H<y'{C*H*)'PK:i^ 
2Sn"Cl*. 

Chr ornate, — Stellate  groups  of  extremely  soluble  needles,  obtained  by  saturating 
the  hydrate  with  chromic  acid. 

Cyanide. — This  salt  is  not  obtained  by  saturating  the  hydrate  with  hydrocyanic 
acid ;  but  when  the  iodide  is  digested  with  cyanide  of  silver,  a  double  salt  passes  into 
solution,  which  czystaUises  in  fine  needles,  but  is  very  easily  decomposible. 

Fluoride. — The  solution  of  the  hydrate  saturated  with  hydrofluoric  acid  dries  up 
over  oil  of  vitriol  to  a  colourless  transparent  syrup,  soluble  in  alcohol,  insoluble  in 
ether. — ^The  tUico-fiuoride  is  uncrystallisable. 

Hydrate,  L^  A  "  J  i  o*. — Prepared  by  adding  oxide  of  silver  to  an  alco- 
holic solution  of  the  bromide,  or  better  of  the  iodide,  which  is  more  easily  obtained 
pure  {vid.  infX  The  silver-oxide  then  dissolves,  and  the  solution  soon  deposits  a 
compound  of  tne  bromide  or  iodide  of  the  diphosphoninm  with  bromide  or  iodide  of 
silver;  but  on  adding  more  silver-oxidr>  and  a  little  water,  this  double  salt  is  decom- 
posed, and  a  highly  caustic,  nearlv  inodorous,  but  very  bitter  liquid  is  obtained,  which 
when  filtered  and  evaporated  in  the  air,  takes  up  carbonic  acid  and  leaves  a  crystalline 
mixture  of  hydrate  and  carbonate,  but  dries  up  in  vacuo  over  oil  of  vitriol  to  a  very 
deliquescent,  perfectly  uncrystalHne  syrup,  from  which  potash  separates  the  hydrate 
of  ethylene-hexethyl-diphosphonium  in  oily  drops. 

The  solution  of  the  hydrate  is  not  altered  by  heating  to  150°,  but  begins  to  decom- 
pose at  160°,  and  is  completely  decomposed  at  250°,  the  ultimate  products  of  the 
distillation  being  triethylphwphine,  oxide  of  triethylphosphine,  ethylene-gas  and 
water: 

(C«H*)"(C»H»)*FH«0«     -     (C«H»)»P  +  (C*H»)«PO   +  C?H'  ■\-  H«0. 

As  intermediate  products  are  obtained  the  hydrate  of  tetrethylphosphoninm   and 
probably  also  hydrate  of  oxethyl-triethylphoephonium. 

The  solution  of  the  hydrate  reacts  with  metollie  salts  in  the  same  manner  as  hydrate 
of  potassium,  excepting  that  the  precipitate  of  sine-hydrate  formed  by  it  in  rtnc-so/tf- 
tions  is  insoluble  in  excess  of  the  precipitant,  and  that  the  precipitates  formed  in  add 
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■olutions  of  anhtMniouM  cAhrride  and  ftannput  ckhridt  are  double 
intprluced  ucfKlles.  The  hjUnto  svpaxates  oniMoiMa,  tutHine^  tri^< 
many  otber  amioM  and  pho^plunr«  from  their  ulta.  It  hue  no  action  upon 
l)Ut  diaaolr«a  sulphur,  formiog  a  yellow  liquid  which  when  TrTat«d  with  acids,  gtm  vC 
•ulphydrie  acid  tJid  yields  a  prrciptLaie  of  mlpbur,  and  precipiLatea  leawl  £rom  it»  mSh 
aa  sulphide.  It  diaaolrM  inline  wiib  ftioility  ;  and  oa  mixing  the  colonrinM  aphlm 
which  ooDtaina  the  iodide  and  iodate  of  the  diphonphonium,  with  vtroi^  hjfdiwUyni 
acid,  it  solidi6aa,  after  tnuuiont  dark  coloration  and  turbidity,  to  ifc  lamoii-jeUov  tm- 
talUoe  maaa  which  crystallises  fix>in  atoohol  in  fine  ncedloa,  and  is  probftUy  a  gfm|wuil 
of  the  diphosphoni  am -iodide  with  chloride  of  iodine. 

Tod  ate, — Very  deliquescent  symp  which  eolidifies  very  slowly  to  a  cryatalHae  satt 

lodidf,  (C*H<)"(C*H»)*I"I'.— When  the  molher-Uquor*  obtained  in  the  mpaa&a 
of  bromide  of  bromethyl-lri ethyl pho«ph on ium  (p.  618),  an*  treati?d  with  nlT«r«shi» 
and  the  filtrate  in  sstumted  with  hydnodic  acid,  a  wlntion  is  fornii*d  oont-ainiof;  wdidt 
of  ethyleDe-hexethyl-diphoephoDinrn,  and  iodide  of  oxotbyl-tnethylpboepboaiaBi.  vfcki 
arf«  easily  separated  by  crystallisadon,  ai  the  latter  ii  T<*nr  eoluble  in  cold  wstvui 
alcohol,  and  remains  wholly  in  the  mother-Uqnors  aftt-r  the  eecond  reeryafalHsitinn 

The  diphosphoniuin-iodide  cryfltAllises  in  white  trimelric  ne^lee,  eloogated  in  thi 
direction  of  the  brachy  diurnal,  and  consisting  of  combinations  of  th«  face*  «P.  r« .  vnh 
others  which  cannot  be  BXHCtly  determined  on  account  of  currature.  Angle  a»P:  *P  * 
Ay°  24';  1*00  :  Poo  over  the  principal  axis  «  89*^  42'.  The  crystaU  deapa  peAcily 
parallH]  to  oep  and  Pco  ,  and  have  a  vitreous  lustre  on  the  faces  ooP,  nacreooa  oo  !*« . 
The  smaller  cr>'*>r(dB  are  transparent,  the  larger  ones  milky  and  hollow.  The  uH 
meltH  without  decoro position  at  231°  and  decompoaet  at  higher  temperatures,  withft)^ 
nation  of  a  brown  suttstance  not  further  examined.  Heated  with  caustic  banru  t 
gives  off  tnL*th\lphi)sphine.  100  pta.  water  disMlve  468*3  pte  of  ii  at  100^,  mad  cnlt 
a08  pta.  at  12°  ;  it  is  but  blightly  soluble  in  alcohol,  andinsoluble  in  ethar.  iViM 
pracTpitaCeB  it  in  the  crystalline  state^  even  from  dilate  solutiona.  It  Ibnns  doahU 
eMnponnda  with  vnrious  metallic  salts. 

iorfoffnccf/^  ((MI')''(C*H*)*I^I'^.n"I'.— Formed  on  mixing  the  aqneooa  solntiDsi 
of  the  component  aalta,  as  a  crystttll'me  precipitate  which  separatee  firom  hot  water  la 
lotig  needles. 

yitrate, — Laminie  permanent  in  the  air,  very  soluble  in  water,  leas  m1%U« 
in  alcohol,  and  precipitated  from  alcoholic  solution  by  tether  as  an  oiL  Fordi  with 
mercuric  chloride  a  prccipituLu  which  cryalallisos  in  needloa. 

Oxalate, — Slightly  crystalline. 

Perchloralt,  (CTl'nCHVl^.CT'O*— Beautiful  needles  often  an  inch  long;  Da; 
be  dried  at  100^  without  decomposition,  but  detonates  with  a  higher  temperature. 

PhoMphate. — Obtained  by  boiling  the  iodide  with  excesa  of  ailTer>pbo«phita 
Blightly  crystalline. 

Picrate.— Separataa  on  adding  pirrie  acid  to  a  moderately  strong  solution  of  tiM 
hydrate,  us  a  yellow  ctyitalliue  precipitate  which  si'paratea  &om  the  boiling  alkaiiiK 
solution  in  long  needles. 

^u/pia^e.— Hadio-crystalline,  rery  deliquescent. 

Suipkocyanate. —  The  aqueous  solution  prodoced  by  boiling  the  iodide  ^tk 
TCcectly  precipitated  sulphocyauate  of  silver,  dnee  np  over  the  water-bath  to  a  an- 
Calline  mass,  aoluble  in  wutcf  and  in  alcohol,  but  precipitated  from  the  alcoholic  sou- 
tion  by  ether. 

Sulpkffdrait. — ^The  solution  of  the  hydrate  aattnvted  with  sulphydric  acid 
a  gummy  mass  when  evapomted  in  \-acuo  over  oil  of  vitriol     If  evaporated  over  th» 
wator-btttb  with  access  of  iiir,  it  leaves  the  iTytttalline  sulphate. 

Tartrate. — Extremely  soluble;  di6Scult  to  crystallise. 
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Appendix  to  the  Compvitndt  of  BUhylrne-htx*thyl-dipk^9pkonivm^ 

Paradiphoephouium  compounds. — When  the  aqueuus  sulutiun  of  h^'dnteof . 
ethylene-diethyl-diphosphoniam  iit  erapomted  in  a  retort  tilled  with  hydrogen,  it  bctfinn 
to  decompose  as  ulxjve  mentioned  st  160*^  ;  and  if  tlip  dry  disHllation  be  intecrupted  aa 
soon  OS  the  heat  has  risen  to  about  190°,  the  alkaline  n>sidue  then  remnizmig  yields 
with  hydrochloric  acid  and  a  uniall  quantity  of  platinic  cliloride,  no  longer  the  pole 
yellow  crjstallin**  precipitate  of  chlfipoplatinatp  of  ethylene-bexethyl-diphospbooiuia 
perfectly  insoluble  in  water  and  in  dilute  hydrochloric  acid,  but  a»  amorphous  dirty 
yellow  salt,  easily  soluble  in  hydrochloric  acid.  If  the  dingj'  precipitate  produced  by 
the  first  drops  of  tho  plutinum-bolutiou  be  filtered  off,  and  the  filtrate  treated  with  a 
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if^rth^r  quantity  of  the  platinum-solution,   tho    amorphous  platiaum  df^iublc  salt   ii 

1  ObtaintHi  i^uiu*  pure  and  of  a  ligbt   yellow  colour.     The  aauie  double  salt  is  produced 

I  by  similar  tivatnient  of  the  hydrate  of  oxethjl-tTiethylphosphonium  ;  alao  by  adding 

Ijiydrocbloric  acid  and  platinio  chloride  to  the  mixture  of  hitherto  unexamined  producta 

*  ^rmed  by  prulungi-d  heating  of  mouobrominat«d  ethylene  (bromide  of  vinyl,  CH'Br) 

vith  tnethylphosphine  to  160^ — 180^.     It  hu  the  same  perceouige  compOBiiion  as  rhe 

cbloroplalioute  of  othylene-hexnthyl-diphosphonitira.     If  (he  amorphous  pale  yellow 

precipitate  saitpended   in  water  be  decomposed  by  sulphydric  acid,  and  the  filtrate. 

freed  from  the  excess  of  that  gas,  be  trontrd  with  siiviT-oxide^  the  resulting  solution  of 

parBethylene-h&xethyl-diphosphooium  hydrate  yields,  when  saturated  with  hydnodic 

acid  and   eTaporated,   a  gummy  mass  which  slowly  becomes  crystalline,   and  aftf*r 

repeated  crytftaUisation  is  identical  with  the  iodide  of  etliylene-bexrthyl-diphospho- 

nium.     Hence  it  appears  that  the  paradiphosphonium  salts  are  gradually  reecsrerled 

into  ordinary  diphosphonium- salts,     (llofmann,  Phil.  Trans.  IBiSU,  p.  533.) 

Btbrlene-trlcthyl-trlmetbyl-dtptioaphonliun.  The  bromide  of  this  radicle, 
(C'H*nCH*)'(CH*)'F-Br',  isprtxluced.  witli  riolont  action,  by  treating  the  bromide  of 
bromethyl'trif  thylpboaphonium  with  tri methyl phosph in e.  It  is  more  soluble  than  the 
bromide  of  the  hexetbylated  base,  which  it  resembles  in  other  respects.  When  digested 
I  with  moist  siWer-cxide  it  yields  an  extremely  canstic  hydrate,  which  forms  with  hydro- 
chloric acid  aad  platinlc  chloride  a  pale  yellow  scaly  cKIi/ropUiUnaU  oontoiuing 
I  ((7H*)'\C«H»)«(CH')"F=Cl«.PtCI*. 

atli7len«-tieziaetliyl-dlpboapbonlam.  The  ftromidf,  {OR*)'{CBF)*F^r*,  is 
produced  by  treating  bromide  of  ethylene  at  100°  with  excess  of  trimethylphosphine. 
Jt  is  extremely  deliquescent,  but  msy  be  obtained  with  some  difficulty  in  well-dcTeloped 
vnonodinic  crystals  having  the  axes  a  :  b  :  c  —  1*D544S  :  I  :  l'l2o6,  the  angle  of  the 
uxet*  A,  c  «-  37°  49',  and  exhibiting  the  faces  oP,  oop,  [poo  ].  Angle  ocP  :  odP 
(orthod.)  ==  830  |3'.  ^p .   ^p  „  i21«  38';  +Pa3  :  ooP   =-   99"  8'. 

The  rhl^yri^piatinate,  (CMI«)"(CH")*P'aM*tCl«  obuined  in  the  usual  way.  is  a  yellow. 
Apparently  amorphous  precipitate  which  crystallises  from  boiling  hydrochloric  acid  in 
golden-yellow  Uimiiue. 

The  tudide,  (Cm*)"(CH"/P»I».  obtained  by  satumting  the  hydrate  with  bydriodio 
acid,  forms  beautiful  sparingly  suluble  needles. 


SthjIenc-trietbylptaoapZiaziiznonliuni 
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-The  bro- 


midc  of  this  diatomic  buse  is  obtained  by  digesting  an  alcoholic  solndon  of  bromide  of 
bromethyl-triethylphngphonium  with  ammonia  for  half  an  hour  in  a  sealed  tube  at  100^. 
On  learing  the  alcuhol  to  eruporste,  the  phospbamraoniuai<bromide  remains  slightly 
contaminated  with  bromide  of  itmmonium: 

(CH*Br)(C*H*)"PBr     +     NH"       =       (C'H*)"(C»H*)«H'PN.Br". 
The  pare  salt  \»  best  obtained  by  saturating  the  hydrate  with    hydrobromic  acid.      It 
crystallises  pretty  well,  but  is  very  deHquep<.*eot 

The  chloridt  and  iodide  resemble  the  bromide. — Tht  pfrchlurctt  is  sparingly  soluble 
and  rrystaliisea  readily- 

The  chloroattratc,  (C»H*)'(C«H*)"H'PNC1*  2AuCl'.  is  a  golden-yeUow  precipitate  con- 
sisting of  slender  needles,  Rporingly  #otuble  in  water. 

The  cJUoropiatiuGtf.  (CH*)"(C-H*J*H»NPCP.PtCI«.  is  obtained  as  a  pale  yellow, 
slightly  crystalline  precipitate,  which  disBolves  sparingly  in  boiling  wutor,  and  crys- 
tallises trom  hot  concentrsted  hydrochloric  acid  in  well-deFcloped  trimetric  prisms^ 
exliibiting  the  faces  cbPqo ,  oot^oo .  ODp,  too.  Angle  ooP :  oeP  »  119*^40';  fw  : 
ocl^ao    s  160''  38'.     Hardness  somewhat  greater  than  tlint  of  gypsum. 

The  hydrat4f,  (*^*^*)  t^^'^'^'-'JJI  j  0»,  ootained  by  treating  the  bromide  with  sfl- 

TPT-oxide,  may  be  concentrated  w^thnnt  chanpe  at  the  bent  of  the  water-bath,  and 
finally  separated  by  potash  in  oily  drops.  When  morf  strongly  heated  it  gires  off 
ammonia  and  leaves  hydrate  of  vinyl-trie  thy  Iphoeph  ammonium : 

(C'H*)"(C'E»)"H»NP.H*0>     ^     (C'H»)(C»H')«PHO    +    ITH"  +   H«0. 

atbrlene-tetrettaylpliospliAmmoiiliim.  (C^*)"(0^^)*]rNP.— The  hronidg 
10  obtained  by  the  combination  of  «>tbylaminf  with  bromide  of  bromethyl-triethylphos- 
phoniutn  (p.  60S). — The  hydrate  may  be  separated  from  its  solution  in  oily  drops  by 
eoncentration  over  the  wator-bath.     It  yields  salts  by  sataration  with  acids. 

The  wAii«.(C'H*)''(C*H*>*H*NP.I\  formn  white  needles,  eaeily  soluble  in  water  and 
in  acusous  aJcoholf  sparingly  boluble  in  absolute  alcohol,  inbuluble  in  ether.    Potaak 


624 


PHOTOGRAPHY. 


preoipiUt««    it  &om  its  aqueous  solution  without   deoompontioiny   i 
gradoiiUy  solidifies. 

The  cfUoroauraU,  (CH«r(C''H')*H*NPCl»2Ana",  forms  golden-ytUDw. 
soluble  needles.— The  chJoropUtinatr,  (CH^nC^H'VH'NPCl'.PtCl*. 
orangv-TeUoir,  trieoaal-tabalsror  sphenoidal  monoclinic  combinations,  o&Pob  .^.m?^! 
f  ooPoD  ],  nsnally  neminiorphously  aeveloped,  sometimes  on  one,  sometimes  i 
side  nf  the  orthodiagonal-   Angle  xP  :  oP  «  SS**  8' :  aP  :    acP  in  the  • 
principal  section  «  80<^  50*;    [Pac.  ]  :  [P«  ]  in  the  eliuodiagoiuU   prineipal 
90«  29';  oP  :  ocP«   »  SO*  52'. 

Btk]rlaoe-p«atetliyl-phospbamiaottliim.   (CniM'CC^*>*HNP. — ^Ths  4 
is  formed  by  the  action  of  dieth^I.iminf^-  on  brumidc  of  bromethyl-trielhjlp 
^The  cMlcnypUtintU^,  ((-:»U')"('-'H*j»HNPCRPtCl'.  cr}'5tAlli»e«  in  rectangnlir  | 

Bttijlene-trietlijl-inettijlpliospluuniDonlttm*     The  bmTnid*  is  iUm4  %j 

digcotiufi  methylumine  with  bromidt'  of  bromethyUtrietliylphospfaoniam. — The| ' 
so//,  (C*H*)"(0»H*)\CH»)U'KPCP.Pta*,  crystAllises  in  long  needXt%^  rery 
soluble. 

Etlkylene-triatbyl-trlmetbylphospbaimneniaiii*  The  hn^tnidt  is  pmlsi 
by  ihe  uuiun  of  irinifiUivlaraine  with  bromide  nf  broinethyl>tneitbv]pho«pboaiBm^ — 'B 
plalmttmsait,  (C»H»XC'fl*)\CH")"NfCP.PlCl',  crystaUisa  in  b«iuUftJ  nc  '"     ~ 

IV.  Pbospuabsohicics. 
The  only  salts  of  this  group  yet  disroreriNi  uro  thoB«  of — 
SUiylene-boxetl&ylpliospluuvonlnm.     The  Bromidf,  ((yB*}^((yB')^AsBt^.  W1 

produood  by  digRsiin^j;  brotnidt- of  bromrthyl-triethylpbospboniam  wicli  trieth;rt4rMMl 
in  a  seiUed  tube.     When  di^eMted  in  the  cold  with  moist  oxido  of  silver,  it  is  coorejt«4J 
into  th«  ht/draU,  (CH*)"(C>H*l'PAsJI«0',  the  «olution  of  which  ia  p«olrsd  hj  boj 
into  hydrate  of  ozethyl-triethylpboifpbouium  and  triethylorsiae  : 

(C*H«nc»H*)«PAsH«02      -       (C-H*0XC»H*)»PHO     +      C«H»)»Asu 

The  hydrate  saturate  with  hydtobromie  or  tydriodie  add  jielda  Che  bromide  «c 
iodide  in  fine  needles. 

The  chioropiatinatt,  (CH*)"(C>H«)«PA8Cl*.Pta*,  is  obtained  by  lidding  plsltmeJ 
cliloride  to  the  aqueous  solution  of  the  phocrphanoniam -chloride,  am  a  palt^  yellow  ptT>J 
cipitute  which  is  nftsriy  insoluble  in  wator,  and  crystallise*  from  boiling  hydroch' 
acid  in  omnge-rod  tnclinic  prisms,  wPoo  .  odI^**  .  oP .  ^oo  .  2pao  .'P.  A 
aPoo  :  ooPoo  -  98*^8';  ajx  :  oP  «  91°  46'.  F:  odPoo  «  115'='  oS*;  2p* 
ctP<K  «  145°  35';  f'oo  :  ooPoo  ^  126°  57'.  The  erystaJs  cleave  ponllel  to  •><»] 
and  oP. 

v.    TBIPBOSPEONICK-OOXrOnMOS. 

Wlien  triethylphoEiphine  i*i  gmdually  mixed  with  crystals  of  iodoform  as  long  as  any 
rise  of  tempr^mtitre  is  thereby  productAl,  a  light  yellow  viscid  masa  is  formed,  the  sola- 
tioDof  whichiu  boiling  alcohol  deposits  crystals  ofiodideofformyl-ennsthyltri* 
phoephonium,  (C'H  )"'(C^H*)'P'l'.  This  ksU  diswlves  easily  in  waU*raad  spann^ljr 
in  alcohol,  but  is  insoluble  in  ether.  Iodide  of  cine  abided  to  the  aqueous  sfdnlioa 
throws  down  a  whit*  double  salt  L-uiitaining  2(C'-Hr(C''H»j"P"I'.3Zn"P.  T€irAchiafui4 
of  piatittum  forma  alight  yellow  precipitate  of  a  platincm-Ralt,  2(CH)'*'(C'H*/P'0*, 
3PU!71\  which  rryatallises  from  boiling  alcohol  in  rectan^nr  lamins.  The  iodida 
treated  with  ari/ir  of  silvrr  docs  not  yield  the  correspontling  hydrate,  but  underp>» 
decomporqtion.  forming  hydrate  of  methyl- triethylphosphonium  and  oxide  of  trifthrl* 
pliosphine : 

<CHncm»)*P«P    +    SAgllO     =     3Agr   +    (CH')(C«H»)«PHO    ■*-    2(C*H")«P0. 
Trii'thvlphowphine  treated  with  chloroform  or  wiih  tetrachloride  of  carbon  yielda  lbs 
chloride  of  formyl-ennethyl-triphosphoniuiu.   (Hofmann,  Proc.  fioy.  Soc  x.  Itt9;  zi 
2i)0.) 

PHOTOCR£VCIsmiT.    Sev^  LioHT,  CoBancAX.  AcnoH  OP  (iii.  678). 

VHOTOOZIV.  A  term  apjiUed  to  the  light  hydrocarbon  oils  obtained  by  distilling 
coal,  shale,  peat.  &c.,  allow  temperatores,  sod  used  for  burning  in  lamps.  (oeePAaar- 
UN.  pp.  344-349.) 

PBOTOOXAPBT.   TIk*  history  of  the  art  of  producing  son-pictures,  and  a  &kcSfh 
of  the  wevenil  nulhods,  have  already  been  given  in  thf  article  on  the  Chemical  Actiaa 
of  Light  (ill  692).     The  present  article  contains  a  more  detailed  acconnt  of  some  of  i 
Che  processes  now  iu  use. 


I 


■tie 


PHOTOGRAPHY.  626 

A.  ProccMcs  in  VfAick  SUvfr^Mlta  are  used, 
I.   Wet  Collodion  ProecM. 

1.  Thfi  pbotoirmphic  collodion  i«  prpparwi  by  diisolring  5  grms.  of  gun-eofton  or 
^roiylin,  cart'fully  vnshed  and  neutrul  to  t«8t-pnper,  in  a  mixture  of  300  cnb.  cent, 
faleobul  of  40  per  cent,  and  300®  cub.  cent,  ether  of  62  per  cent.;  and  to  this  solu- 

rtion  ifl  added  a  mixturo  of  45  gmui.  of  cadmium-iodide  with  a  little  anmonitim-iodide, 
and  125  grm.  cadmium-bromida  with  a  trace  of  ammooium-bzoioide,  all  flnely  pol- 
Teriacd. 

2.  To  prepare  the  sensitire  snrfacr,  a  plate  of  ^luss  fire  from  fiawH,  thorongUj 
deansed  by  washing  with  wati*r,  nitrir  ai.'id,  alcohol,  &:i'.,  and  quite  free  from  dwit,  la 

*  CoTcrod  with  the  prepared  collotlioo^  and  plungt-d  Wi't  at  *me  dip  in  a  solution  of  ailver- 
nitnitc  containing  8  pts.  of  the  sail  in  100  ptA.  of  water.  The  cougutated  collodion 
then  imprisons  within  its  pores  the  iodide  and  bromide  gf  silver  rt^ulting  from  the 
chemical  reiiction,  and  thus  forma  a  continuoua  aeoaitiTe  film.  The  pUtd  is  then 
exposed  to  the  action  of  b'ght  in  the  camera  for  an  intirrTal  varying  from  3U  aecunda  to 
5  minutcfl  according  to  the  intensity  uf  the  light. 

8.  DtwJiyprmnti  of  the  Pirturf. — The  exposure  of  the  platein  the  manner  jaat  men* 
^m  tioned  does  not  produce  any  visible  image  ;  but  the  iodide  and  bromide  of  ailrcr  in  the 
^Btflm  haTe  undd^ne  a  certain  change,  their  utums  huriog  apDHrently  acouired  a  certain 
^^Megree  of  mobility,  in  conseqaence  of  which,  when  submitted  to  the  action  of  reducing 
^^Bgenta,  such  as  ferrous  sulphate  or  pyrognllicocid,  thfy  suffer  decora poeition,  the  silrcr 
^Vbfing  reduced  to  the  metAllic  state  and  forming  an  opaque  metallic  film  on  those  parts 
■  of  the  surface  whii  h  have  been  exposed  to  the  light  To  effect  this  reduction,  the  aen- 
vitive  plate,  immediately  after  its  removal  &om  the  camera,  is  washed  with  one  of  tha 
two  following  solutions : 

^Sttturated  solution  of  ferrous  stslphate  .  .  .  100  c,  c. 
Filtered  water 700  „ 
Glacial  acetic  acid 20  ** 
Alcohol  of  3e«> 20  „ 
Water 250  „ 
Acetic  acid 20  „ 
Pyrogallic  add  .                 1  grm. 

4.  Strmffihening  (Renfor^age).  Thia  neceaaary  but  very  delicate  operation  conaiata 
in  washing  the  plate  with  a  ntjlution  uf  2  grma.  nitrate  of  silver,  100  c  c.  distilled  water 
and  6  c.  c.  alcohol, — then  with  one  of  the  developing  solutions  above  mentioned, 
then  again  with  the  strengthening  liquid,  and  so  on,  liU  the  picture  haa  acquired  the 
prop«>r  degree  of  intensity.  Or  instead  of  subjecting  the  plate  to  thea«  altemata 
washings,  it  may  be  immened  in  a  mixture  of  the  devt-loning  and  strengthening  aola- 
tions  made  jost  before  it  is  wanted  for  use.  The  plate  la  then  carefoUy  waahMl  with 
pure  water. 

5.  Fisirig — To  remove  the  undecomposed  portions  of  iodide  and  bromide  of  silver, 
and  thus  protect  the  picture  from  the  fonher  action  of  light,  the  plate  is  immersed  either 
in  a  solution  of  cyanide  of  potassium  containing  2  per  cent  of  the  salt,  or  in  a  solution 
of  hypotiUpkiU  of  sf}dium  containing  25  per  cent,  then  washed  carefully  with  a  large 
quantity  of  water. 

The  last  opemtion  consists  in  varniaking  the  picture,  the  plate  having  been  pro* 
▼iously  heated  so  that  the  varnish  may  spread  over  it  uniformly. 

The  picture  obtained  by  this  process  is,  as  already  ob*erved  (iii.  693),  a  negative 
picture,  the  parts  mpst  strongly  acted  upon — which  of  coume  correspond  with  the 
crighteelpaTtsof  the  object —being  the  darkest  To  obtain  positive  pictures.a  Jtheet 
of  whita  paper  of  goiid  qii:ility  ia  covered  on  one  surface  with  a  layer  of  albumin  mix^d 
with  a  convenieDt  qaantily  of  sal-ammoniac.  It  is  then  rr-ndurrd  sensitive  by  laying 
it  fur  a  while  on  a  solution  uf  nitrare  of  silver  of  the  stren^h  of  Id  per  cent.,  taking 
care  toavoiMthe  presence  of  air-bobbles  between  the  pHp*'r  and  the  surface  of  the  liquid. 
The  albumin  thus  be<x>mefl  impregnated  with  cldoridc  of  Bilver.  The  paper  ihue  pre- 
pared is  placed  when  dry  behind  the  negative  picture,  and  rxpoeed  to  light,  whereby 
the  chloride  of  silver  is  reduced  on  those  parts  which  are  behind  the  trau«parent  parta 
of  the  negative,  white  those  portions  of  the  aurCace  which  are  behind  the  opaque  parta 
of  the  Ufgative  remain  ucalt<Ted. 

The  silTcr  thus  rwluced  has,  however,  an  ucpleaaant  red  colour,  and  to  obtain  a 
darker  and  more  Mgrwable  tint,  the  picture  is  steeped  in  a  gold-bath  composed  of 
1000  grmK.  distillftl  water,  30  grms.  ncutrnl  acetatr*  of  sodium,  and  I  grm.  trichloride 
bf  gold  mixed  with  chlorido  of  potaatium.     As  soon  aa  tlie  desired  tint  haa  bveD 
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obUintMl,  an  effect  which  is  mpMly  pruducM  n!  th*»  t«npemlui»  of  2fi°  C,  tb»  ydttn 
in  to  V'e  ftxi'd  bj  itnitifntiug  it  in  u  hath  compojtfd  of  600  grm».  di»till^  VAtir  iBJ 
lOOgrmH.  bypo8uli)hite  of  sodium,  theo  wiubod  mrerAl  times  doring  12  hounvii^ 
di<ttiUed  vnter.  Thenp  opemtionft  of  toning  nnd  fixing  muc-t  b«  p«rfona«d  in  anq« 
from  whicli  daylight  is  excluded. 

To  nwnra  succ^^a  in  the  vtocom  aborc  described,  attention  must  b«  paid  tocvoii 
precautions:    1.    The  fiilver-oaih  ased  for  obtaining   the   negatire  mast   be  ifi|Uy 
acid.     If  it  ia  neutral  or  banic,  the  image  will  be  eloadj  and  deficient  ia  vtxvngd)  ii  •, 
lh(^  darker  [)oint«  ;  if  it  is  too  acrid,  the  production  of  the  picture  takes  plae«  0lo«!;.    lf| 
it  is  either  Bupenutonited  or  insufficiently  charged  with  iodide  of  silTer*  especially  d\ 
t\m  of  collodion  in  not  vary  thick,  the  negative  obtained  will  be  ftall  of  holea — 2.  ~ 
glass  must  be  freefVom  defects  and  thoroughly  frwd  from  dost,  otherwise  p&ztial  rrda      _ 
of  the  silver  takes  place  before  the  plale  is  exposed  to  the  action  of  ihederelopiDgsolBtiMi" 

The  great  objectkui  to  photo^phs  on  paper  is  their  altcrability.  In  oonoMtiaQ 
vilb  tliis  the  following  fact  if  interesting.  The  hyposulphite  of  sodium  wttA  6r 
renioving  the  excess  of  silrer-ohloridc  forms  sodio-argentic  hyposulphites,  cat  i| 
^bic'h  lacing  but  rery  slightly  soluble,  remains  in  the  paper  and  grwdoaUT  dccaain»^ 
ultimately  destroying  the  picture  ;  wht^reas  the  other,  which  is  formed  when  the  Iiypo- 
sulphite  of  sodium  ia  in  largo  excess,  is  Tory  soluble,  so  that  when  the  Isttrr  oooditisK 
is  ftilfllled,  the  subsequfint  washing  removes  nearly  all  if  not  (he  whole  of  the  attmblt 
fubatance  remaining  on  the  paper.  Photogmplift  fixed  within  the  last  few  jna 
with  due  attuntion  to  this  clrcomstu.nct*  hure  remained  unaltered  up  to  the  present  tia\ 

The  author  of  this  article  pruposed  two  years  ago  to  reroors  the  hyposulphilo  by 
the  ose  of  chlorine- watr,  iree  fh)m  bydroctJoric  acid,  and  added  in  propoitio&  to  t^ 
fluantity  of  hyposulphite  which  might  remain  in  the  picture :  an  excees  woold  pn 
nee  to  the  clJurinntiun  of  the  gold  and  silver  iu  the  picture.  Tlie  bjposalphite  m^ 
also  be  converted  into  sulphate  by  means  of  a  solulion  of  oxygenated  wster.  rawsUr 
prepared  with  peroxiilc  of  barinm  and  carbonic  acid,  and  freed  from  exeess  of  tb*  lact» 
by  means  of  barytA-wnter. 

Direct  PbtUitys  on  (jiius. — The  picture  obtained  on  a  sensitive  collodion  plate  b^ 
very  short  exposure  in  the  camera,  and  very  slight  developaotfnt,  may  servs  ss  « 
positive  when  placed  upon  a  bluck  ground.  Under  these  conditions,  the  very  ■hH 
quantity  of  silver  reduced  on  the  lights  of  the  picture  conceals  the  black  grotmd*  toA 
Bppeara  white,  whilst  in  the  purts  corresponding  to  the  shadows  of  the  object  no  silnr 
is  reduced,  and  the  black  ground  xhows  through.  The  collodion  for  these  pictm  it 
I  pr^psred  with  300  c.  &  wal'cr,  125  c.  c.  alcohol,  and  3  grms.  pyroxylin ;  and  to  thi«  i* 
ridded  a  mixture  of  176  c.  c.  alcohol,  7  grms.  iodide  of  ammonium,  and  07  gm. 
nitrate  of  silver.  The  plate  is  rendered  aensitivo  by  immersion  in  a  batb  of  8iliu>- 
nitrate  contaitiiii^  •'i  per  cent,  of  the  salt  acidulatM  with  a  ffW  drops  of  nitric  &cid ;  sad 
after  a  very  short  expo!>ure  in  the  camera,  the  picture  is  developed  with  a  mixUm  of 
loo  c.  c.  aatorated  solution  of  ferrous  sulphate,  600  grma.  water.  20  grms.  a«elie  acid 
30  grms.  alcohol,  and  &  grms.  sulphuric  acid,  und  fixed  with  cyanide  of  potassiam. 
Ijutlj  the  back  of  the  glasf*  plate  U  covered  with  a  mixture  of  oil  of  taiyantiv^ 
ICsoca  balsam,  and  lamp-black. 

II.  Dry  Collodion  ProefM, 

This  process,  which  differs  from  the  preceding  only  in  the  mode  of  obtaininff  Cbs  i 
negMtire,  has  the  advantage  of  enabling  the  operator  to  prepare   beforehand  a  lam 
■Qpply  of  sensitive  plates,  and  thus  to  take  a  cont-ideruble  number  of  pictoresoa  toe  I 
same  day,  a  convenience  which  is  especially  valuable  in  landscape  pbotograpfay. 

The  best  mode  of  proceeding  is  to  cover  the  collodion  plate — rendenvj  aeindtiveM 
usual  by  immersion  in  a  tilighdy  acid  silver-bnth,  then  washed  several  timep  in  &- 
tilled  water — with  a  solulion  of  tannin  freed  from  resinous  matter  and  haritt  a 
b'treng:th  of  ^  per  cent.  The  plates  thus  prepared  are  as  sensitive  after  the  \mpm  of 
several  months  as  immediately  after  preparation.  The  picture  is  devalopsdvitli 
pyrogallic  acid. 

Other  modifications  of  the  dry  collodion  process  arc  Tamponot's  process  witKalbs' 
minised  collodion,  and  those  io  which  the  di^  collodion  film  is  covered  with  sogar,  bOMir, 
metugel&tin,  &c. ;  but  none  of  these  are  equal  to  the  tannin  process  just  meotiocM^ 
which  is  due  to  Mujor  Kussell. 

m.  Albumin  ProceM  tm  GUu$. 

This  proecM,  dtie  to  Niepce  de  St.  Victor,  incladea  the  taking  of  both  ne, 

and  positives  on  albumiiiised  plates.     A  layer  of  alboroin  impregnated  with  iodide  of  \ 

potaasinm  ia  rendered  sensitiTc  in  a  bath  composed  of   100  grms.   water,    10  gma 

milzate  of  silver,  and  10  grms.  acetic  acid.    The  picture  is  developed  with  gallic  add. 
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J  fixed  with  h3rposi]lphit«  of  sodium,  and  brought  to  on  agreeftble  tint  \fy  means  of 
!  chloride  of  mercury  or  phloridi*  of  gold. 

B.  Photoffraphic  Processes  without  8Uver'*aiis. 

1.  Pkotoqrapky  n>ith  Carhrm,  Ferrous  JKiits  or  Uranium-salts. — Of  tht<M  Oit*^ 
niPtbods,  t^e  flnit  is  that  which  yields  the  best  results.  It  depends  on  tho  action  of 
light  on  the  salts  of  chromic  acid  and  on  gelatin  or  a  aimihir  subatanM. 

A  sheet  of  paper  impregnated  with  (heae  matters  is  placpd  behind  a  negative  and 
exposed  to  light,  vhemby  the  aubstancea  are  rendared  iasolablo  in  the  parts  correa- 
|ionding  to  toe  transparent  portion  of  the  neeatire,  and  therefon*  to  the  dark  parta 
of  the  original  object.  The  purt«  thus  altered  arf  &lone  capable  of  retaining  por- 
pbjriaed  black,  or  coloured  powders,  or  lithographic  ink,  subaequently  applied  to  the 
sumcv  of  the  papf*r. 

The  proceaMia  depending  on  the  nse  of  ferrooa  and  urauie  salts  present  no  particular 
intereat. 

3.  The  processes  of  photolithography,  photozincography,  that  called 
heliography  diBCorered  by  Nit>pce  in  1827,  and  photoK^'^anography  are 
described  in  the  article  Light  (iii.  694).  The  last-mentioned  pruc^ss,  depending  upon 
the  property  pnssossed  by  certain  tiubstancesT  chromat  ised  gelatin  for  example, 
of  losing,  by  insolation,  the  power  of  swelling  up  in  water,  or  when  exposed  to  the 
action  of  steam,  was  invented  by  AL  Poiterin,  and  haa  lately  been  much  impxxjred 
by  a  very  skilful  opt^riitor  of  Purie,  U.  Villeni>ure,  who  has  adrantageoasly 
modified  the  nimitpulatiuDS,  aud  replaced  the  gelutin  by  another  substance,  the  com- 
position of  which,  however,  he  keeps  aecret.  The  impressions  obtained  &om  the 
plat^  formed  by  his  process  are  extremflv  delicate. 

For  fujrthiT details,  see  Pelouzoet Frdmy,  Traiti  rfr  Chimif,  Sm*  cd.iii.  1429-1486, 

A  method  of  meusuriDg  the  relative  senaitiven^s  of  different  photographic  paprra  is 
described  by  A.  McDougall  in  the  Jotunal  of  the  Chemical  Society,  vol.  xviii.  p.  183. 

A.H. 

PBOTOBAITTOirZBr.  C>'H'<0».  (F.  Sentini,  BnlL  Soc.  Chim.  1864,  ii.  21; 
186.'),  i.  271.)— A  neurrnl  Hubstance,  produced,  together  with  formic  add,  by  the  action 
of  light  on  suntoniih  Th«  change  takes  place  slowly  under  the  inflnence  of  diffiised 
daylight,  more  quickly  on  exposing  aantonin,  either  dry  or  in  contact  with  water,  to 
the  action  of  the  dirt-ft  solar  rays ;  but  the  transformation  is  not  complete  even  nft(  r 
three  months'  exposure.  A  better  mode  of  effecting  it  is  to  expose  an  alcoholic  solution 
of  *uiDtonin,  freed  from  air  by  passing  carbonic  anhydride  through  it  and  then  aenling 
it  in  a  tube,  to  sunshine  for  about  a  month.  Tho  liquid  then  acquires  a  yellow  colour, 
and  when  it  is  subsequently  mixed  with  about  ftf^*en  times  its  volume  of  water,  the 
photosantonin  separates  in  oily  drops,  which,  in  the  course  of  a  day  or  two,  crystallise 
10  white  t»min».* :  it  may  be  purified  by  two  or  three  crystallisations  from  alcohol. 
The  last  portions  which  separate  have  a  vcllow  colour,  arising  ftx)m  a  resinous  sub- 
stance :  fain  may  be  dissolved  out  by  leaving  the  pbotosantonm  for  two  days  in  con* 
tact  with  cold  potasb*lpy,  which  also  favours  the  crystalliaation  of  the  photosantonin. 

Photoi*<antoain  is  coloorlesa  and  tnmsparent,  destitute  of  odour,  but  has  a  slight  bitter 
tuste.  It  crvstaHiws  in  ^uare  plates,  which  have  no  action  on  polarised  liffht,  a  cha- 
racter by  which  this  «mb«taneo  is  easily  dif^tinguished  from  santonin.  It  melts  between 
64°  and  66°,  begins  to  give  off  vapour  at  ISO-*,  and  boils  at  30fi°  It  is  insoluble  in 
cold  water,  but  dissolvee  in  l>oilingtf«7<rr sufficiently  to  impart  a  distinctly  bitter  taste; 
alcohol  and  tther  dissolve  it  in  lurgc  qnantity,  forming  very  bitter  solutioua. 

Phot^wantonin,  exposed  to  the  air  for  nine  or  ten  months  at  100-,  dimiDiehcspUgbtly 
in  weight,  »nd  is  portly  coarert*^  into  a  yellow  resin  soluble  in  potubh.  lu  contact 
with  strung  nitric  anV,  it  liquefies,  forming  drops  which  float  on  the  add.  Stroug 
sulphuric  acid  colours  it  orunge-yellow,  and  then  decomposes  it. 


PHTaAZtAMZC    ACXS.      C^'NO'    -    (C*!! 


i^OTfS. 


(Marignac,  Ann.  Ch. 


Pharm.  xlii.  219. — Laurent,  Rev.  seienL  liii,  601.1 — Prodneed  by  the  Action  of 
aqueous  anunonia  oa  phtbttlie  anhydride.  Crystallises  in  a  mass  of  fine  flexible 
needles,  forming  an  ueia  solutiun  with  water.  It  gives  off  water  between  100®  and 
120°,  and  is  converted  into  phthalimide.  C'H*NO',  which  sublimra  at  a  higher  tempe- 
rature. The  aqueous  solution,  af^er  boiling  for  some  time,  yields  phthalate  of  ammoninm 
on  ersporatioa. 

PhtMiamats  of  silvtr,  C*H*AgNO',  is  a  white  precipitate,  oompoeed  of  crystalline 
scales  if  formed  with  boiling  solutions.  It  is  qoite  insoluble  in  water;  melte  when 
heated,  and  deconipoaes  without  exploaiou. 

s  a  2 
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Phenyl'phthalamic  acid,  C'«H"NO*     - 


-]o- 


— Obtained  lylxiilizf 


H 

phenyl-phtholimide.  C'H'NO',  with  iiqu?onii ftmmonia  eontaimtngn  litlle  »Ir!o}iol  Ti.t 
liquid,  if  nputralisrcl  with  nitric  uc.id  while  stiU  hot,  yirlds,  on  CLHiliog,  a  fioc.  irrrfii- 
liii'U'  hirainntod  cn'slullino  mnwi  of  phi'O^l-phlhaljimic  acid.  The  add  is  rtrj  tlightlj 
poluViIr  in  cold  wiitf-r.  but  diMoIrcs  fftsily  in  alcohol.  Wlipn  futted  with  [M>tju^  at  t 
ptMitlf*  h<*at,  it  giTt^  off  iinilini'.  Wht-nsulunitwl  with  ommoma,  it  give*  »  white  predpt- 
lali*  with  nitrate  of  t^iUer.     (Laurent  and  Gephardt,  Ann.  Ch.  Pbju.  [3]xxiT.  181) 

rBTBAX.A]«ZVa.     OirNOf— Abuse  produced.  tog<^tber  with  naphtbjrlaiBiM, 
by  the  action  of  ff rrous  acrtule  vu  nilroDapbtluIfDP.    The  two  bajsvs  auty  bo  i 
by  treating  the  crude   product  with  »mlphunc  acid,  the   sulphate  of  phtJ 
2C«H»N0-.H^S0*.2II«0.  being  mnre  soluble  than  the  napblhylamioe  salt. 

Phthalamine  is  prvcipitated  from  the  aolntion  of  ita  aulphate  bj  ammonia  ia  oii^ 
drops,  wliicb  are  heavier  than  water  and  taiite  liko  uaphthjlanaiDe;  its  aftlta  do  dm 
n'dat^n  ao  easily  on  fjiposure  to  the  air  aa  those  of  the  latter.  The  baa<^  heated  to  lOO' 
with  iodide  of  ethyl,  aolidifies  in  a  few  miuutrj  to  a  laminaj'  muam  of  iodide  •( 
ethirl-pbthalamine,  C*H"(C-U^)NOM(?),  which  when  treated  with  amnnu 
yieloM  an  oily  baae,  alteriug  on  exiKisure.to  the  air,  and  Tolatiliaiog  atabootSMr'. 
(SohatKcnberger  and  Willm,  J.  pr.  Chcro.  Ixxir.  76.) 


VBTKAJ^XC  ACZB. 


(Laurent,  Ann.  Ch.  Phys.   [2]  Ixi.    113;  Marign 
Sehunck,  if»d.  Ixri.  197;  Wolff  and  Sirecker.  ifi 


C^H-0*  »   ^*^''^^*,*^'^"|0«     MUaTu:acid,NapJUhaiict 


gnac,    Aon.   Ch.    Pham.  xla.  SIS; 
,  ihid.  IxxT.  12.  26  ;  Hago  M6It«r. 
Rpiatolary  contmunieation.) — An  acid  produced  by  the  action  of  nitrie  add  cm  aaph' 
thalene,  dichloride  of  naphthalene,  alizarin,  and  ptirpurin  : 


Niiph. 
thaUn*. 


O" 


itcid. 


C*H«0« 

OxaIIc 

C»HK)« 


«     2C«H«0«     +     CT1*0«. 


CWH»0«     +   HK)+0* 

Anuria. 

2C*H«0"    +   H'0  +  0* 

Pur|>(irln. 

It  ia  usually  prepared  by  treiitiug  dichloride  of  naphthal*'De  with  boiling  nitric  «oi 
The  diclUoride  diNwIrt-s  slowly  with  evolution  of  nitrous  Tapoon,  and  the  mlitioa 
when  left  to  itself,  deposits  crystals  of  phthaho  aoid,  which  may  be  purified  br  t** 
CTy&talUsation  from  boiling  water.  The  inorher>liquor  contains  ostalic  acid  ^intU 
quantities  of  phthalic  acid  are  found  in  the  mother-liquors  obtained  in  prep«riiig  tj« 
nitro-derivHtives  of  naphthalene. 

Phlhalic  acid  may  also  be  preparwl  by  digesting  muojistin  (a  body  doselr  relsl^ 
to  alizarin  and  purrmriD,  iii.  1061)  with  modfnitcly  strong  nitric  acid-  The  pwoltiij 
solution  evaporatwl  over  the  water-bath  leaves  *  white  crj'sialline  mass,  consbittoguf 
phthalic  acid  coutaniinated  only  with  a  Uttlo  oxalic  ucid.  The  latter  ia  easily  mtKrtid 
by  washing  the  mass  with  cold  water  and  preft«ing  brtwfpu  bibulous  paper,  or  by  oni- 
tralising  the  mixture  of  the  two  acids  with  lime,  and  then  treating  it  with  baling 
wute-T,  which  dissolves  the  phthaJate  of  calcium.  (Stenhouse,  Ann.  Ch.  Pharm. 
cxxx.  331.) 

Phthalic  acid  crystaUises  in  white  nacreous  lamina  arranged  in  rounded  grvaps.  It 
is  sparingly  soluble  in  cold  uater,  but  dissolves  eiisily  in  aiou^oi  and  rthrr.  B^  diatillt- 
tion  it  ia  converted  into  phthalic  anhydride  ;  this  process  is  recomm'^nded  hy  StcDhonM 
for  the  puHRcation  of  t^ie  acid.  When  distilled  with  excess  of  lime  (or  any  csaalic 
alkali)  it  is  resolved  into  htnzene  and  a  carbonate  (Marignac.  Schanck): 
C«H*0*     ■*-     2Ca"0         =.         0^-     +      2CCa"0; 

but  by  distillation  with  a  smaller  proportion  of  lime,  it  is  converted  into  CArbaoateaad 
benzoate  of  culciuin : 


2C«H*0' 


3Ca"0 


C"H'»Ca"0«     +      2CCa"0»      +      H^, 


2Cm*OirO*      +      CaTPO*     =         C"H*»Ca"0*     +      2CCft''0». 

This  latter  reaction  is  used  by  P.  and  E.  Deponilly  (Bull.  Soc.  Chim.  1864, 1 IW) 
for  the  industrial  preparation  of  benzoic  acid  (to  be  employed  in  the  manu&cton  of 
certain  aniline  colour«).  The  phthalic  acid  required  fuar  the  pnrpose  ia  obtained  by 
tn'ating  dichloride  of  napbthalenfn  with  hydrochloric  acid  and  chlorate  of  potavinm. 

Phthrtlates.  Phthalic  acid  ia  dibasic,  forming  acid  salts,  C^*MO*  and  Drvtal 
Baits,  C-H'MK)V 


i.^ 
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The  acid  ammonium-^alt,  (?H'(NH*)0*,  usually  crystallises  in  prisms  termioatod  by 
Ibur-  or  eight-sided  pyramids,  frequently  also  in  hexagonal  plates.  The  crystals  belong 
to  the  trimetric  system.  Observed  combination  oP  .  P  .  f  co  .  Angle  oP  :  P  ■■  112° ; 
P:P  -»  133<*  60' ;  oP  :  f  00  =  127°;  P'x>  :Px  «  103°  30'.  CleaTage  easy  parallel 
to  oP.  It  is  very  soluble  in  water,  sparingly  soluble  in  alcohol,  and  is  resolved  by 
heat  into  water  and  phthalimide.  Thepotassiwn-  and  aodiunt'eaits  crystallise  in  reiy 
soluble  scales. 

The  barium-salt  crystallises  in  slightly  soluble  scales,  which  may  be  obtained  by 
pouring  a  strong  solution  of  the  ammonium-salt  into  chloride  of  barium.  The  calcium' 
salt,  obtained  by  dissolving  calcic  carbonate  in  the  aqueous  acid,  resembles  the  barium- 
salt.    Ita  decomposition  by  heat  has  been  already  described. 

The  lead-salt,  C^H'Pb"0\  is  obtained  in  white  scales  on  mixing  the  boiling  solutions 
ci  acetate  of  lead  and  phthalate  of  ammonium. 

The  giher'salt,  C"H'Ag*0*,  obtained  in  like  manner  by  precipitation  from  boiling 
solutions,  is  a  white  crystalline  precipitate  which  requires  prolonged  washing,  aa  it 
obstinately  retains  nitrate  of  ammonium.  It  is  moderately  soluble  in  water.  It  ex- 
plodes when  quickly  heated,  but  if  the  heat  be  cautiously  applied,  the  salt  blackens, 
then  melts  and  decomposes. 

The  nnc'Salt  is  obtained  by  evaporation  as  a  crystalline  powder  nearly  insoluble  io 
eold  water. 

SubstitiUion-derivatives  of  Phthalic  acid, 

Fhthalic  acid  resists  in  a  remarkable  degree  the  action  of  chlorine,  bromine,  snlphnrio 
anhydride  and  nitric  acid,  and  it  is  only  with  great  difficulty  that  substitution-com- 
pounds can  be  obtained. 

Bromoplitlialio  aotd.  Bromine  heated  with  phthalic  acid  in  a  closed  tube,  does 
not  seem  to  act  upon  it,  but  if  water  is  present  and  the  temperature  is  raised  to  about 
170°,  bromophtbalie  acid  is  formed.  This  acid  crystallises  readily  in  foliated  crystals 
which  are  soluble  in  water,  and  sublime  when  heated,  after  fusion,  without  decomposi- 
tion.    The  silver-salt  is  a  crystalline  precipitate  somewhat  soluble  in  water. 

Bromophtbalie  acid  is  remarkably  stable,  and  can  be  boiled  with  water  without 
decomposition.  The  bromine  cannot  be  removed  by  the  action  of  potash  or  of  silver- 
Rilts.  in  which  respect,  bromophtbalie  acid  comports  itself  very  differently  from  the 
analogous  compound  bromosuccinic  acid.   (H  u  g  o  M  ii  1 1  e  r.) 

Cblorophtballo  acids.  Chlorine  in  the  free  state,  or  in  the  form  of  antimonic 
chloride,  has  no  action  on  phthalic  acid,  the  only  known  chlorinated  derivatives  of 
this  acid  being  those  which  are  obtained  indirectly  by  the  action  of  nitric  acid  on  the 
chloronaphthalenes. 

Dichlorophthaltc  acidf(?'R*C\*0\  was  once  obtained  (together  with  another 
acid,  probably  di-  or  tri-chloronapthalic  acid)  in  the  preparation  of  chloroxynaphthalio 
(chloronaphthalic)  acid  (p.  14).  On  saturating  the  boiling  alcoholic  solution  with 
potash,  the  potassium-salt  separated  in  silvery  laminse,  having  when  dried  at  100°,  the 
eomposition  OH*a^K-0*.    (Wolff  and  Strecker,  Ann.  Ch.  Pharm.  lixv.  16.) 

Trichlorophthalic  acid,  C*H*C1*0*. — ^When  hexchloronaphthalene  is  boiled  for 
several  days  with  nitric  acid  and  the  product  is  mixed  with  water,  a  resinous  mass 
separates  out,  and  the  solution  yields  on  evaporation,  a  crystalline  magma  of  trichloro- 
phthalic acid,  which  after  repeated  pressure  between  blotting  paper  and  recrystallisa- 
tion  from  boiling  water,  is  obtained  in  crystalline  grains.  It  is  very  soluble  in  water, 
alcohol  and  ether.  When  heated,  it  is  resolved  into  water  and  trichlorophthalic 
anhyd  ride,  0*HC1'0'.  The  ammonium-salt  forms  a  white  precipitate  with  salts  of 
silver.    (Laurent) 

WltropHtliaUo  meld,  C^»NO«  -  C^»(NO«)0*.— This  acid  is  best  prepared  by 
the  prolonged  action  of  nitric  acid  upon  naphthalene.  It  is  contained  in  the  mother- 
liquors  from  which  the  nitronaphthalenes  (p.  16)  have  been  deposited,  and  may  be 
separated  therefrom  by  evaporating  the  liquid  to  a  symp,  dissolving  the  residue  in 
water,  filtering,  and  again  evaporating.  The  last  mother-fiquors  also  contain  phthalic 
acid  (Laurent,  Marignac). — Nitrophthalic  acid  is  also  formed,  toother  with  other 
products,  when  phthalic  acid  is  treated  with  pure  nitric  acid,  or  with  a  mixture  of 
nitric  and  sulphuric  acids.    (Hngo  M tiller.) 

Nitrophthalic  acid  crystallises  in  vellow  plates,  derived  from  a  monoclinic  prism,  but 
ordinarily  rendered  hexagonal  by  tlie  truncation  of  the  acute  angles  of  the  rhombus. 
Anglo  oP  :  odP  -  .104°;  ooP:  ooP  ^  about  126°;  oP :  ooPoo  «  124°  Most  o( 
the  crystals  are  hemitropic.  The  acid  is  moderately  soluble  in  boiling  water,  sparingly 
soluble  in  cold  water,  easily  in  alcohol  and  ether.    When  slightly  heated  in  a  tvbe  ijt 
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▼ields  arablimate  of  nitropbthAlic  Anbjdride,  together  with  vater;  vbra  nddodj  \ 
n»atMl,  it  cloara  and  ^Tea  off  niirouA  vapiiurs. 

Nitrophtholio  acid  la  dib«£U',  forming  iid>1  ami  D^utral  aalta. 

The    aciJ  ammonivm-talt^  C*H\NH* j^NO',0'.2H'0,    is  deposited   on   pc«iuf  a.J 
smull  qniuititj  of  nitric  add  ioto  tbi*  liolutioD  of  the  neutral  aalt,  sometimei  io 
irith  pyramidal  summitB,  but  mor«  oft^n  in  bexagonaJ  and  rhomboidal  platca.    J 
sot  give  off  any  water  ut  120O,  \^^x  when  heat«d  till  it  begina  to  melt,  it  giwictf 
water  and  U  converted  ioto  uitropbtluUimtdc  (p.  6321 

NtHtrai  nmmoRtum'Sait,  C»H"(NH*)»(NO')0V— Wh^n  an  ammoniacal  aolorwo  a 
nttruphthalic  acid  iff  loft  to  evaporate,  it  d^pO!>it«  chiefly  fthioiiig  Laznina;  of  the  lod 
salt  ;  but  among  these  Hn*  sometitnes  found  thicker  but  amallex  cijatala  of  tha  Dealnl 
Balr«  which  may  be  piekinl  out  with  a  puir  uf  forcef^.  Thit)  aall  cryat&Iliaes  ia  mnnnriiiiw 
priama  uHually  hiirin^  their  obluso  edgefi  truncated.  An^e  OP  :  tsP  m  lOS*; 
<»P  :  »P  -  about  l2TO 

The  volution  uf  the  neutral  ainmoniam-Kalt  forma  witb  aolntion  of  bariam'<iUurii^ 
men  when  very  dilut«  and  boiling,  a  white cx^atalline  precipitate;  with  the  chlnhdnW 
itrontiom  and  ctJcinir),  white  pr«>c'ipitutea,  not  bowerer  &um  dilute  eolutiuns;  withi&c^ 
curuuB  nitrate,  uitnitu  of  flilrt.Tn.iid  nitr»te  of  Irnd,  wlatr  prc^ipitatea.  It  doeaooc 
precipitate  snlphnte  of  mafoi^ium,  fnrrous  solijlute  or  eiipric  siilpliatei 

Tho  bariuin-Mlt,  CH'Btt'\NO'')0*,  ia  a  bghl  yellowiah- white  powder,  anhjdioai 
af^er  drying  at  130^.  It  ia  qoito  insoluble  uveo  in  cxectu  of  boiling  mlropbUube 
acid. 

Tbf  nrutralliadsalt  h&B  not  been  obtained.  On  poorlng acetate  of  loAdiotoanfai* 
tion  uf  the  lunmonium-fuUtj  a  tio<'eulent  prucipitate  ia  furmed  which  changaa  on  boflim 
to  a  yeUuvish  powder,  insoluble  in  walfr,  and  conaistixig  of  ft  6oMC  tatt^ 
C''H»Pb"(NO»)OM'h"0. 

The  mloer-taU,  C?H'Ag*(NO')0\  is  a  white  prwipitrtte,  insoluble  in  water,  tnd 
decomposing  quickly,  with  emiasiou  of  ligUtf  when  strougly  heated. 

Dinitropkthaiic  arid,  C'H*(NO')*0*  — When  phthalic  acid  is  treated  with  pa» 
nitric  acid,  or  with  a  miitiire  of  nitnc  and  sulphuric  acids,  a  vnriaMe  qiiaiititT  uf 
nitrophthftlic  acid  ia  obtained,  whilst  some  of  the  phthaJic  acid  remains  anaftered,  MtA 
another  portion  is  converted  into  h  mixture  of  aeveral  nnw  adda,  on#*  of  which  b 
the  dinitrophth&lic  acid.  This  hitter  acid»  together  with  the  other  new  acidf,  isibo 
obtained  by  thr  proInn^Rd  action  of  nitric  acid  on  naphtbuleno  and  the  chlorinat^j 
naphthalene.     (Hugo  Miillcr,  Zeitachr.  Ch.  Pharm.  1863, p.  267.) 

A.midoplatlialic  acta*  CH^NH'P'.— This  substance  is  prepared  hy  xh*  aetioa 
of  Hulpliy«lrat«!  of  ammonium  on  nitrophthalic  acid,  or  more  readily  by  tb'e  action  ii 
nietHlIiciron  and  acetic  acid  on  the  latter  add.  On  bringing  in  contAct  a  ccncentralnl 
solution  nf  nilrophthalic  acid  with  iron  and  acetic  acid,  reaction  soon  vets  in  nih 
eleration  of  trmperatnre.  The  mass  is  to  be  kept  for  some  time  in  a  warm  plan*,  nd 
nitvr  till  Hction  has  ceased,  the  brown  powder  formed  is  separated  as  compl#t*ly  as 
poesible  from  the  metallic  iron,  and  exposed  for  some  time  in  a  moiat  state  to  the  actjoo 
of  air,  in  order  to  prevent  ferrous  oxide  iram  entering  into  solution  on  the  anbseqnait 
treatment  with  caustic  ammonia.  The  resulting  product  is  exhausted  with  wana 
ammonia,  and  the  filtered  solution  is  evuf^Kfrut<Ml  uud  exposed  for  eome  time  to  the  hcmt 
of  the  wiiltr-balh.  The  aniiilophthalic  ncid  cannot  be  precipitated  finro  its  ammoniaoj 
solution  by  the  addition  of  an  and;  it  is  beat  to  expel  the  ammonia  bj  heat  On 
treating  the  remaining  moss  with  wtiter,  part  dissiolTeB.  which  ia  to  be  again  erup^rarrd 
and  exposed  to  heat.  The  insolubV  dirty-yeliow  residue  consitttsi  of  impnrv  amido- 
pbthalicadd,  which  is  best  dL>isolved  in  water  or  alcohol,  and  then  treat<>d  with  antmal 
charcoid.  On  cooling,  the  aniidophthalic  ncid  cr)'BtalIi»ea  ont  in  the  form  of  temvD* 
yellow  fibrous  crystals  having  h  ailky  lustri*. 

Amidophthalic  acid  is  very  little  soluble  in  teatrr  or  alcohni  at  ordinary  tempera- 
tures, but  more  so  at  an  elevated  temperature,  forming  green ish-y»» How  solatimiswhifh 
exhibit  a  most  remarkable  green  fltioretsceDce  very  much  like  that  of  oranitun-salta 
(See  Amtdotkbkprthalic  Acm  under  TKREpHTaju.ic  Acid.^ 

Amidophthalic  acid  combines  with  acids  and  with  alkalis.  The  hydrY)chlorie  add 
oomponnd  forms  colonrleRS  foliated  cryNtals  which  in  contAct  with  water  or  moiaf  sir 
become  yellow  by  losing  their  acid.  The  compound  with  sulpborie  acid  rvaenbln 
the  former. 

On  boiling  for  some  time  a  solution  uf  amidophthnlie  add  with  kf/drot1Uor%e  or  #«/- 
pkuric  acid^  a  new  acid  is  formed,  which  is  colourleas,  crystallises  well,  pnairsrtis  « 
Bweel  lasle  and  is  readily  soluble  in  wnter  and  alcohol.  This  new  acid  appean  to  be 
isomeric  with  the  yellow  amidophthalic  add.  On  treating  nitropbtSalic  acid  with  liae 
or  tin  and  hydrochloric  acid,  no  yellow  amidophthalic  add  is  obtained,  aManndy 
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became  the  hydrochloric  add  present  conrerta  it,  as  soon  ai  it  is  formed,  into  the  soluble 
modification  just  mentioned. 

Amidophthalic  acid  shows  a  peculiar  deportment  to  canstie  alkalis.  Caustic  potash 
dissolves  the  acid  vith  facility  to  a  pale  yellow  liquid  which  on  eraporation  yields  a 
erystaUine  mass  very  soluble  in  water.  Addition  of  an  add  to  this  solution  however 
does  not  precipitate  the  amidophthalic  acid,  as  might  be  expected  from  its  degree  of 
•olnbility,  but  it  will  do  so  on  mixing  with  sal-ammoniac  and  pTaporating  to  dryness. 
'—Ammonia  dissolves  amidophthalic  acid  with  difficulty;  the  solution  behaTes  like  the 
potash-BoIution  but  deposits  the  acid  again  on  evaporation. 

On  passing  a  current  of  nitrous  acid  into  an  alcoholic  solution  of  amidophthalic  acid, 
nitrogra  is  evolved  and  a  granular  brownish-red  precipitate  is  formed,  which  is  the 
uwlf^e  of  Griess's  diazobenzo-amidobenzoic  acid  (p.  2921 

AsopbtlMlio  aotd,  CH^NO*. — On  treating  a  %olntion  of  nitrophthallc  add  with 
0odinm-amaIgam,  no  hydrogen  is  given  off,  but  the  solution  gradually  turns  vellow  and 
brown.  The  product  of  this  reaction  is  to  be  saturated  with  acetic  acid,  which  separates 
■ome  resinous  matter.  On  addition  of  hydrochloric  add,  a  yellow  crystalline  predpitate 
is  formed,  which  after  purification  forms  azophthalic  add.  This  add  is  of  an  orange 
eolonr,  and  ciyBtallises  &om  dilute  aqueous  or  alcoholic  solution  in  well  developed  but 
small  ciystals  of  a  deep  orange  colour.  It  dissolves  very  slightly  in  cold  wat«r,  more 
■o  in  aloohol,  especially  when  warm. 

The  azophthalateii  are  all  coloured  either  yellow  or  orange. 

The  potassium-salt  crystalliBes  well  and  is  very  soluble  in  water. 

The  ammonium-salt  resembles  the  former ;  it  doee  not  lose  ammonia  on  being  kept 
in  a  warm  place  for  some  time. 

The  barium-salt  is  a  yellow  czystalUne  predpitate. 

Azophthalic  acid  appears  not  to  form  an  ether  on  passing  hydrochloric  add  into  its 
alcoholic  solution. 

This  acid  is  the  analogue  of  the  azobenzoic  acid  which  Strecker(Ann.  Gh.  Pharm. 
cxxix.  129)  obtained  b^  the  action  of  sodium-amalgam  on  a  solution  of  nitrobenzoate 
of  sodium.    (Hugo  liiiller.) 

Asoxsrpbtlialio  aold.  When  an  alcoholic  solution  of  nitrophthallc  add  is  heated 
for  some  time  with  an  alcoholic  solution  of  potash,  the  mixture  turns  brown,  and  if 
treated  in  the  way  just  mentioned  under  azophthalic  add,  yields  azoxyphthalic  acid. 
This  add  resembl^  the  former,  but  has  more  of  a  lemon-yellow  colour.  It  forms 
small  prismatic  crystals,  and  yields  crystalline  salts  with  most  metals.  (Hugo 
Hiiller.) 

VHTHA&ZC  AinmiWCBa.  CH*0'.  Phthalidt.  Pyroalizaric  a^.— ObUined 
l^  distilling  pfathalic  add.  Sublimes  in  fine  elastic  needles,  the  transverse  section  of 
which  is  a  rhombus  of  62*^  and  128^.  It  dissolves  slightly  in  cold  water,  more  easily  in 
boiling  water,  reproducing  phthalic  add.  It  is  very  soluble  in  alcohol  and  ether,  melts 
at  106°,  and  crystallises  in  a  fibrons  mass  on  cooling.  It  dissolves  completely  in 
aqueous  ammonia,  with  considerable  rise  of  temperature,  and  the  solution  yields  on 
m'aporation  a  mass  of  slender  flexible  needles,  apparently  consiatingof  phthalamic  add 
or  phthalamate  of  ammonium. 

Trick/oropkthalic  anhydride,  C*HC3"0',  is  produced  by  distilling  trichlorophthalic 
acid.  It  is  colourless  and  crystallises  in  needles  from  f^ion.  It  unites  with  ammonia, 
forming  a  salt  which  gives  a  white  precipitate  with  nitrate  of  silver. 

NUrophtkalic  anhydride,  CH'(NO^)0',  is  obtained,  by  subliming  nitrophthalic  add 
at  a  gentle  heat,  in  long  white  needles  whose  transverse  section  is  a  rhombus  of  62^ 
and  128°.     It  is  very  little  soluble  in  water.     (Laurent,  Marignac.) 

»KTaA&ZC  BTKBBS.  The  ethyl-,  amyl-  and  phenyl-ethers,  C*HXCH*)'0\ 
Ac,  are  heavy  oily  liquids  produced  by  the  action  of  the  corresponding  sJcohoU  on 
dtilotide  of  phthalyl  (H.  Miiller).  The  ethylic  ether  is  also  produced  by  boiling  the 
acid  oranhydride  with  alcohol     (Laurent.) 

Syn,  with  JE'htealic  Anhtdbids. 

C?»H»N  «   ^*{n.    (DuBart,Ann.Ch.Phy8.xlv.«36.)— 

Abase  produced  by  the  action  of  sulphydric  add  on  nitrophthalene (p.  112),  in  the 
presence  of  alcohol  and  ammonia.  A  mixture  of  an  alcoholic  solution  of  nitrophthalene 
and  sulphide  of  ammonium  is  heated  to  60°  for  several  hours  in  the  water-bath  ;  the 
greater  part  of  the  alcohol  is  distilled  off;  the  remainder  evaporated  almost  to  diynpsa 
at  a  gentle  heat ;  the  residue  extracted  with  dilute  hydrochloric  acid  ;  and  the  filtrate 
mturated  with  potash.  The  predpitate  is  at  first  white  and  then  ledifisolves  in  the 
add  solution  with  a  beautiful  blue  colour;  on  adding  an  excess  of  potash,  flesh-vwloared 
flakes  are  formed,  which  gradually  become  denser  and  dark-coloured.  The  predpitateis 
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WMihed  on  a  filter  with  watn,  unlil  tbo  tltnU  do  iongfx  ezliibito  nn  «]balio«  i««cti«; 
it  rheD  Ifpcomes  (ryHtalliDe. 

Plitlmlidioe  rrystnllisbfi  from  itj  aqupotui  eolutioo  ftftfir  tii«  ]ap«eof  a  fc«<Ujtii 
bpiitiliful  twvdles.  When  lacltM  anri  cooled*  it  fomui  &  cryctAlline  uxmmb  of  th*  cdovref 
nalKfir.  It  meltH  at  about  22°  and  when  it  aulidifieB,  the  thenMoni*t*r  riaea  bo  Mi'. 
It  BtufllA  like  Duphtbalenp,  and  ti«lf«  unploasantly  puogenL  lu  sulatioaa  do  laC 
r««tore  the  blue  colour  to  red  litmus,  but  its  Vdpour  (at  what  lpmp#^rRturp?|  ittrM  il 
immrdiately  blui*.  VVry  umall  quauTitif^  of  phtbnlidiae  impart  a  bcuutiful  tloc  c«4ju«r 
to  eolu^iont  of  frrric  sails.  It  is  moderately  soluble  in  cold  tcatrr,  andduwolfttintU 
proportions  in  warm  alcohoi  and  r/Zb-r. 

Plilhalidinc  brains  to  boil  at  ^dS"^,  but  the  thrnnometor  ri*<*»  rerj  rapidly,  vkib 
d'^enmpoMitJun  tttkrit  plucn,  aod  a  carbonaceoua  rfcidue  remuios  lietiiad.  It  i:*  coortstwl 
into  a  j'ellowish-wbitf  mass  by  eklonnt'Wcttr.  It  reduces  nitraU  uj  uilvtr,  the  loh- 
tion  defioiiiting  very  brilliant  crystals.  The  aqueous  solution  prcnluces  a  gn^  pnd^ 
tate  with  merfurous  taUa^  and  a  yellgw  precipitate  with  ftrrous  saVs,  Il  blackens  ca 
addition  of  chlondt  of  gold.  A  solution  of  hydn>chlorat«  of  pbthalidizie  is  npidlT 
dc^ompofiHl  by  t( t rachlurid*'  of  platinuw,  aMuming  a  gre«n  coloar,  and  depositing^  Uiu 
fltik<*ei  which  blui-k^n  on  drying;  a  warm  itatanitcd  solution  of  the  ealt  forms  withictn- 
cliloride  of  platinum  V>eautiful  ydlow  on»taI»  wbich  partially  decomfjoso  on  drying 

The  snltHofplithnlidineare  soluble  in  witer  and  in  alcohol 

Ifi/drochIt>ratr,  CU*N.HCL — A  warm  Mieuhulic  solution  of  the  base  aatiuatrd  vilb 
hydrochloric  acid  immediately  becomes  filled  with  Tiolet-blao  ctyatala. 

The  nitrate,  C^H'N.HNOV  is  formed  in  a  similar  mAnner. 

SuiphaU,  2CH*N.H>S0'.— vSulphuric  arid  unites  directly  with  phthalidJne  aod 
funn^  ft  dark  green  mass  which  altnurt^  moivturb  from  the  air  and  bee*..-  '  '  Tm 
ci^'stallitted  Bslt  is  obtained  by  double  decumpotiition,  or  tiy  mixing  then?  'tioo 

of  the  base  with  Bulphuric  acid.  It  diM>olrt»  much  Icsh  readily  in  al^^^^^  ;.^^»ii  tbs 
othi^r  aodta. 

Ethyl'phthalidinf^C^'W^  -  C*H\C*H»)N.  is  a  liquid  hovinif  the  odour  o( 
pbthalidine,  and  distilling  without  decompoaitiuD.  The  lydriodatr,  C**H"S.HT,  fimw 
hilvery  Hakeo  which  givt*  off  iodine  ut  100°  and  turn  yellow.  The  k^drfM:kl<rrfit<  is  xtrj 
similar.     (Dui>a  rt.) 

rKTSCAUKXDB.    C'H^NO«    =  ^^^^'^'Jn.     (Laurent,  Ann.  Ch.  Pht* 

[2]  Ixi.  121 ;  [3]  xxiii.  U9.)— This  compound,  isomeric  wiihieatiiijiB  lonned by  beatiDf 
acid  phlhaUte  or  phthalamate  of  ammonium: 


CmNII'iO* 

Acid  |ililliAlat«. 

CH*(NH*)NO' 


-       C»H»NO»     +     2H*0. 


C-H*NO» 


H«0 


NH«. 


I 


It  U  eolonrless ;  crystalliBefl  from  ether  by  spontaneous  eTaporation  in  tiz-nded  prims 
dcnVed  from  a  rhomWdal  prinm  with  angles  of  113°.  It  melts  when  h^a^ed,  ud  ] 
fiolidifien  in  a  atriatrrd  mi\s>i  on  cfxiling ;  at  a  stronger  heat  it  boils  and  subltmea  in  t«it 
light  flakes.  It  is  inodorous  and  tn^t^^less.  It  is  insoluble  in  cold  wat^,  and  eU|Efaliy  ' 
soluble  in  hot  wster;  easily  soluble  in  boiling  alcohol  and  eth^.  It  is  not  attacked  W 
chlurine  or  by  weak  or  diluted  acids.  It  di.*«L>lTes  in  strong  mJpAun'c  acfd-whea  be«N^ 
and  if  water  is  added  lo  the  solution,  phthalic  acid  separates  out  on  cooling.  Boil#d 
with  an  alcoholic  solution  of  potash,  it  evolres  ammonia,  and  forms  phtliolate  of  pous- 
sjiim. 

SitveT-phthaiimidr^  <>H*NAgO*.— A  boiling  alcoholic  solution  of  phthalimide  d«r« 
not  precipitate  nitrate  of  silver,  but  on  addition  of  ammonia  it  deposits  a  pulveralnil 
precipitate  or  crystalline  spiinples.  wlii<-h  dissolvi'  in  hot  ammonia  nnd  rrvMallise  oat 
unchanged.  The  «(dution  of  the  Hilvr-Halt  in  ammonia  and  a  little  hut  wutcr  dr{*o»iu 
ni^t'dleB  which  apjM-ar  to  consiftt  of  phthalamate  of  ammonium.  When  beal«d,  it 
milts,  swells  up  and  forms  a  black  muss,  which  at  a  higher  tempemtore  assmnM  a 
t!ne  green  colour,  with  golden  lustre,  like  the  wings  of  cantharidee,  phtbalimide  sub- 
liming at  the  same  lime.      (Gerhardt,  Traits,  iii.  488.) 

Phenyl-phthali7nide,O*n*J^0*     -.    '^^5hT^'(  N.— On  melting  phthalic  sdd 

with  aniline,  and  treating  the  cold  pulverised  mass  with  boiling  alcohol,  phenyl- 
phthalimide  remains  as  a  crystalline  powder,  which  may  be  puntied  by  sublimation 
and  recryatallisation  from  boiling  alcohol  It  forms  beauliftif  colourless  needlM.  in- 
•oluble  in  water,  melta  at  203°,  and  begins  to  subhrae  in  needles  before  fusion.  With 
melting  poUttth  it  yields  aniline  and  phthulate  of  pota^iium.  Boiling  a^ueoua  ammonit 
coDTcrts  it  into  phenyl-phthaUmic  acid. 
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Nitropkthaiimide,  Cm*^(H>*  »  [^"^'^^^'^^^T^JN,  is  produced  by  heating 
aitropbthalate  of  ammoDiuin. 

VBTBA&TXHOaObO&XBBOr.  (C^WCyyClK  (H. ]U:uIler,Zeitschr.Ch.Fharni. 
1863,  p.  257.)— Pbthalic  acid  or  anhydride  ia  readily  acted  upon  by  p^ntachloridr  of 
phosphorns,  with  evolution  of  hydrochloric  acid  and  phosphoric  oxychloride.  The 
prodoct  is  a  heavy  oily  liquid  of  peculiar  odour,  resembling  chloride  of  beoxoyl.  It 
distils  at  about  270*^  without  decomposition,  and  does  not  solidify  on  cooling.  It  sinks 
in  water,  but  soon  becomes  converted  into  phtbalic  acid.  If  kept  in  imperfectly  closed 
Tflssels,  it  gradually  deposits  large  crystals  of  phthalic  anhydride.  It  acts  with  energy 
on  the  alcohols,  forming  the  corresponding  ethers  (p.  631). 

Chloride  of  Nitrofhthalyl  is  prepared  like  the  preceding  and  resembles  it  in  its 
properties,  but  cannot  be  distilled  without  decomposition. 

VKTBAJTZTB.  (Kieselschie/er.)  A  flinty  fissile  rarie^  of  granular  quarts  hATlng 
a  grey,  black,  or  greenish  colour. 

VHTOZO  ACn>,  (La  my,  Ann.  Ch.  Phys.  [3],  xxxr.  129.)— An  acid  contained, 
together  with  phycite,  in  JProtococcus  vulgaris.  It  is  extracted  by  alcohol,  and  separates 
therefrom  by  slow  evaporation  in  buDcy  stellate  groups  of  needle-shaped  czystals, 
colourless,  somewhat  unctuous  to  the  touch,  tasteless,  inodorous,  and  permanent  in  the 
air.  Specific  gravity  »  0-896.  It  melts  at  136°  solidifying  to  a  silky  crystalline 
mass  on  cooling;  begins  to  boil  at  150°,  gradually  decomposing  and  exhaling  a  char- 
acteristic odour.  By  distillation  it  yields  oily  products,  insoluble  in  water,  very  soluble 
in  alcohol.  The  acid  is  insoluble  in  water,  but  dissolves,  especially  when  aided  by 
beat,  in  alcohol,  ether,  acetone,  and  oila  both  fat  and  rolutile :  1  pt.  of  it  dissolves  in  16 
pts.  of  boiling  absolute  alcohol     The  ulcoholic  solution  is  neutml. 

Phycic  acid  gives  by  analysis  698 — 70'8  per  cent,  carbon,  11-7 — 120  hydrogen,  and 
8*7 — 3'8  nitmgen,  besides  oxygen ;  no  formula  has  been  proposed  for  it 

Phycic  acid  dissolves  in  strong  aidphurie  wHd,  and  is  reprecipitated  by  water.  Kitrie 
acid  attacks  it  slowly,  forming  a  light  very  acrid  oil  and  a  crystallisable  acid.  It  is 
not  attacked  by  dry  chlorine  even  in  sunshine.  Iodine  and  phosphorw  act  upon  it  only 
at  hip;h  temperatures.  It  is  decomposed  by  heating  with  jxitassium,  yielding  hydro- 
cyanic acid,  together  with  other  products.  When  heated  with  soda-lime,  it  gives  off 
ammonia. 

Ammonia  has  no  action  on  phycic  acid.  Potash  and  »oda  dissolve  it,  forming  salt* 
irhich  crvstallise  in  needles,  are  neiitral  to  test-papers,  and  dissolve  in  water  and 
alcohol,  forming  solutions  which  froth  like  soap-water.  Host  of  the  other  salts  of 
phycic  acid  are  insoluble.     The  silver-salt  is  white,  and  blackens  on  exposure  to  light. 

VHTCITB.    OH<*0*.    Syn.  with  EBYTHBOUAKNrra  (ii  604). 

The  term  phycite  has  lately  been  extended  by  Carias  (Ann.  Ch.Pharm.  cxxxiv.  71) 

to  the  series  of  tetratomic  slcohols  ^        H*       ( ^*'  homologous  wit^  natural  phycxto, 

He  has  obtained,  by  an  artificial  process,  a  3-carbon  alcohol,  having  the  composition 

H*      ( ^'  *^^  prepared  several  of  its  derivatives ;  but  whether  this  alcohol  is  really 

homologous  in  constitution  with  native  phycite,  cannot  be  determined  till  the  4-carbon 
eomponnd  C*H'*0*  has  also  been  obtained  by  a  corresponding  process,  and  its  proper- 
ties and  reactions  compared  with  those  of  natural  phycite  (see  XBmrL-PBTcrrB). 

VBTOOCTAV  aud  PBTCOBXtlTTIUUCir.  These  numes  are  applied  by 
Kfitsing  to  a  blue  and  red  colouring  matter,  apparently  of  the  same  composition, 
existing  in  several  red  sea-woeds.     (Handw.  d.  Chcm.  vi.  495.) 

>HTCOH  Unwr  a  TXJT.  a  red  colouring  matter,  obtained  by  Kiitzing  from 
Ryiijdma  tinctoria.  It  is  extracted  from  the  fresh  alga  by  macemtion  in  cold  water, 
and  separates  in  flocks  on  evaporating  th?  solution  and  adding  alcohol.  It  is  insoluble 
in  ether  and  in  oils.  The  colour  is  destroyed  by  exposure  to  sun-light,  so  that  old 
specimens  of  the  alga  are  often  destitute  of  colouring  matter.     (Handw.  loc,  cit.) 

rarXAZW  OX^AJTCSL  A  mineral  ^ra  Beutech-Pilsen  in  Hungary,  containing; 
according  to  PUttner,  sulphur,  antimony,  tellurium,  lead,  and  gold. 

JPHIJLUETB.  A  mineral  from  Sterling,  Massachusetts,  resembling  ottrelite 
(p.  248),  and  containing  38*40  per  cent,  silica,  23*68  alumina,  17*62  ferric  oxide,  8-96 
magnesia,  6'80  potash,  and  480  water,  a  composition  which  maybe  represented  by  the 
ibrmula  (Mg";K»)SiO».(Al';Fe')8iO*.H^O  {RammeUberg's  Mineralchemie,  p.  866). 

VBT&&OOB&OX.    Syn.  with  Chi^bophtll. 

wnriatOOXJhMTm  and  WtmAOJLAxrurm,  These  names  are  applied  by 
Frimy  to  a  blue  and  a  yellow  substance,  of  which  he  supposes  chloto^H'ijVV  \o  ^ 
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coniposrd.  He  HfpAntlos  them  by  ngit-ating  ehlopaphrW  with  a  tnixtupe  of  ^hm  _ 
hydrochloric  flcid,  the  yellow  6ul>fit4ince  (hen  diBMMring  in  the  ether,  and  the  btfte 
the  hvdrrvchloric  iioid  (Krimy,  Compt.  rend.  L  406;  J&hre«b.  1860,  p.  fi33).  Aoronii^ 
to  H.'Liidwig,  alM)  (Aroh.  Pliartn.  [2]  rri.  164;  Jahresb.  1861.  p.  730).  vhcadla- 
rophvU  (from  young  wheal -leaves)  is  boUed  with  strong  alcobohc  potash,  «nitit 
aolutiuu  ia  DRutnilioed  wilb  bydnH.'hloric  udd,  a  yellow  precipitate  ia  fonned.  tofget^ 
with  a  splendid  bluu  liquid,  which  learea  pbyliocyaDio,  ud  bIov  eraporatioa,  uadai 
blue  nuua.  Stok«>8,  on  tht^  other  hand,  condudea,  fromtb«flnoT«6ceat  and  almif^eii 
propertiM  of  chlornphvU,  that  it  doca  not  contain  a  blue  aubBtanco,  and  thmt  THmj't 
phyllocraniii  is  u  product  of  thf»  decompoetitioa  of  chbropbyll  by  acida.  (Cfaem.  Soc  J. 
xni.  314.) 

VBTXtliOB-ETXir.  A  foAffil  r«nii  foand,  tocMber  with  t^korettn,  in  lh«  tmH 
woud  of  n^nmnrk.  It  melts  at  86^ — to  87^,  diflaoiTM  eaxily  in  alcohol,  and  appcuilB 
hare  the  cumpoAition  CTI".   (Forchammer,  J,  pr.  Cbem.  wl  469.) 

VKTXiX.OXAJrrBKI7r.  A  yellow  substance,  produced,  according  to  Frin^ 
ilo€^  rit.\  by  the  iicti(>n  uf  t'tt«<^  on  chlorophyll,  or  on  phyllocyaniti.  It  ia  revooTcitrd 
into  phyllix^anin  by  lIu-  ndion  of  doi^la. 

PHTii^OXAJrrHXir.    The  yellow  subatanee  pro-existing  in  chloropbylL    TIm 

ynrwlp  of  setMrnting  if  from  the  blue  cnnstitueTit  by  the  action  of  e*her  and  faydK>> 

chloric  ncid,  or  alcoholic  potuRb  and  brdrochloric  acid,  bae  abrftdy  been  mentiuDtd. 

Jr  nmy  also  be  obtained  by  adding  hyJntte  of  alumiuium  to  an  aLooholie  aolurion  o( 

frblumphyll  diluted  with  a  conHidemble  quantity  of  water.     The  whole  of  Ibe  ouIoBrin; 

Ltii)ttT>-r  IN  then  precipitated  as  s  yi>Il<'>wiifh-gre'on  alumina-lake,  from  irhich  the  ph^d*- 

Isiintliin  mny  be  extmctod  by  Rulpbide  of  carbon,  Ivaviug  the  lake  of  a  more  Uoiib' 

gn'cn  colour.     ^Frimy.) 

PBT8A&ZV.    Ci*H'0>.    (DPfisaignos  and  Chautard,  J.  Pharm.  [3lxxL24) 

The  bitter  prinripln  of  the  winter  cherry  {PhymJii  otkekmtji\  a  aolanaceona  plant 
[  S'^^^'^  ^"  *^^  south  of  Europe,  soroeumes  used  as  a  substituto  for  quinine  in  dw 
[treatineut  of  intermitti'nt  fevers. 

It  is  prepared  by  briskly  agitating  the  aqueous  extract  of  the  leaves  with  chlorofom, 
'  which  deposits  it  aAer  long  st&nding;  and  is  purified  by  disaolritxe  it  is  bm  akobot, 
with  addition  of  a  little  charcoal,  precipitating  tbe  filtered  liquid  with  water,  aad 
washing  the  predpirate  with  cold  water  on  a  filter. 

PhysnJin  is  a  light  perfectly  amorphous  powder,  having  a  yellowiBb  eoloor  aad « 
bitter  tabte,  slight  at  first,  but  afttrwardti  ^trcng  and  persistent.  >Vlien  dry,  Hbecoasi 
Bt.roagIy  electric  by  friction.  It  is  ver}-  elighlly  soluble  in  cold  wat4*r  and  in  Klut; 
fomewhst  more  in  boiling  water,  easily  in  chloroform  and  in  aloobol.  especially  tbi 
Utter.  When  heated,  it  softens  at  about  180**,  and  decomposes  at  a  higher  tempersnir*. 
It  is  but  slightly  soluble  in  acids,  moderately  soluble  in  ainm<^>nia,  but  the  aUudt  is  all 
driven  off  on  evapoiatioo.  The  alcoholic  solution  does  not  precipitate  aznmooiaaJ 
nitrate  of  ^silver,  but  gives  a  white  precipitate  with  acetate  of  lead  and  ammonia. 

PHTBAXZTS  or  Pi/r&pht/salitf,  A  coarse  nearly  opaane  rarictj  of  topai,  fbsod 
in  yellowish-white  crystals,  which  intumesce  when  ocatea :  hence  its  name  (from 
^v*rdt^i¥,  to  blow).  It  occurs  in  crystals  of  great  size  at  Foasum  in  Norway ;  at  Pinbo, 
f^wtnlen,  in  a  gmnite  quarry,  and  at  Braddbo,  in  a  boulder;  one  ciyital  firom  the  Lksi 
locality,  at  Stockholm,  weighs  eighty  pounds. 

PBTSSTO&BZO  ACIX».     C>*H**0>.— A 

(Ann.  Ch.  Phann. xcL  177)  in  Kperm  oil;  isomeric 
obtHined  from  tiie  oil  of  Arachia  hypt^ga^  (lii.  238). 

To  prepare  it,  the  soiip  obtAine<l  by  boiling  the  oil  with  potash-ley  is  dis»olTfd  in 
boiling  alcohol ;  and  the  filtmte,  after  being  freM  from  alcohol  by  distillatioa.  is 
diluted  with  water,  and  reprecipitated  by  amrooniscal  ragar-of-lead.  Thp  pre- 
cipitate,  washed  by  decantation  and  dried  in  tbe  air,  is  drenched  with  ether,  which 
diasolres  physetoledte  of  lend  and  undecoropnsed  spermaceti,  leaving  undiv<ilvr<l  thv 
lead-salts  of  the  ijulid  f^itty  adds.  The  solution  ia  separated;  part  of  tht'  eth«-r  m 
distilled  off;  the  r*^8idup  d^oraoosed  by  hydrochloric  arid;  the  ethereal  solution  i* 
mixed  with  ammonia  and  chloride  of  barium  ;  the  precipitate  is  collected,  waabed,  and 
dried  in  a  vacuum;  and  the  etlial  and  s{>ermnceti  are  removed  from  it  by  cold  ethff. 
On  rcjieatedly  boiling  the  undinsolved  physetoleate  of  barium  with  alcohol  of  93  per 
cent.,  and  cooling  the  resulting  solutions  separately,  the  portion  taken  np  is  dcptwUcd 
as  a  white  powder,  which  must  be  collpcted  out  of  contact  with  the  air,  wasb«i  with 
alcohol,  iind  immediatfly  dried  in  a  vanuim.  It  may  be  obtained  pure  by  recry»tAlb>- 
in^  it  twice  more  in  the  same  way,  and  decomposed  by  boiling  with  aqueous  tartaric 
acid. 


.  fatty  add  discovered  by  Hofstftdter 
leric  if  not  identical  with  hypogKii:  acid. 
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Fhjsetoleic  acid  cryBL&UifieB  in  8tellat«  groaps  of  colourless  needles ;  it  is  inodorooa, 
melta  at  30^  and  solidifies  at  28°  (bTpogseic  acid  from  earth-nut  oil  melts  at  34°  or  3d°). 
In  ita  reactions  and  combinations  it  exactly  resembles  hypogseic  acid. 

VSTBOBZXr.  C"H'W.  (Gerding,  N.  Br.  Arch,  lixxvii.  1,)— A  neutral  sub- 
ftance  occurriDg  in  Parmelia  ceratophylla,  var.  pkysocUs  (also  called  Parmtlia  pht/godes). 
To  obtain  it,  the  lichen  air-dried  and  cut  in  pieces  is  macerated  with  ether  K>r  seTeral 
days ;  the  ether  is  evaporated  ;  and  the  residual  white  powder  is  purified  by  washing 
it  with  alcohol,  and  repeated  crystallisation  from  absolute  alcohoL 

It  forms  H  white  loosely  coherent  mass,  appearing  when  magnified  120  times  to 
consist  of  four-sided  truncated  prisms.  It  melts  at  l'26°.  Dried  at  100  \  it  gives  by 
anialysia  (mean)  4975  per  cent,  carbon  and  4'63  hydrogen,  the  formula  requiring  60*70 
earbon,  428  hydrt^n,  ami  4507  oxygen. 

Phy&odin  behaves  to  water  like  a  resin,  not  being  wetted  thereby.  It  dissolreB  in 
tdcvhol  of  80  per  cent,  but  is  insoluble  in  absolute  alcohol,  in  ether,  and  in  acetic  acid. 
It  ia  not  altered  by  dilute  acids.  It  dissolves  easily  in  warm  aqueous  atmnonia,  form- 
ing a  yellow  solution  which  becomes  reddish  on  exposure  to  the  air.  In  carbonate  of 
ammonia  it  dissolves  slightly  at  ordinary  temperatures,  easily  on  boiling;  in  potash 
instantly  with  yellow  colour.  Acids  precipitate  from  these  solutions  light  yeUow  or 
reddish  flocks ;  the  potash-solution  yields  a  din^-yellow  precipitate  with  chloride  of 
barium*  The  alcoholic  solution  is  not  precipitated  by  chloride  of  barium,  but  yields 
with  aeetaie  of  lead  a  pale  yellow  precipitate  soluble  in  potash  ;  with  cupric  sulphate 
%  pale  green ;  and  with  nitrate  of  silver  a  brown-red  precipitate. 

AoDSKDim.  Ceratophytlin  (0.  Hesse,  Ann.  Ch.  Fharm.  cxix.  365). — This  substance 
occurs,  together  with  pnysodin,  in  Parmelia  ceratophylla,  var.  pkqsodes.  To  prepare  it, 
about  3  lbs.  of  the  lichen,  after  being  washed  with  water,  is  stirred  up  with  clear  lime- 
water  ;  the  alkaline  solution  is  neutralised  with  hydrochloric  acid ;  and  the  resulting 
yellowish -grey  flocculent  precipitate  is  washed  sevenil  times  with  cold  water  to  remove 
the  excess  of  acid,  then  collected,  dried  in  the  air,  and  freed  from  uncrvstallisable 
matter  by  digestion  with  boiling  alcohol  of  76  per  cent  There  then  remains  a  dark 
green,  soft,  elastic  mass,  probably  containing  physodin  and  usnic  acid,  to  remove  which, 
the  mass  is  boiled  with  strong  soda-ley.  A  oark  brown  liquid  is  thus  obtained,  which, 
on  cooling,  deposits  ceratophyllin  unmixed  with  either  of  the  substances  just  mentioned. 
It  may  be  separated  from  the  mother-liquor  by  filtration,  and  purified  by  recrystallisa- 
tion  from  boiling  alcohol  with  the  aid  of  animal  ciiarcoaL  When  the  Uchen,  without 
previous  washing,  is  stirred  up  with  thin  milk  of  lime,  the  yellowish  filtrate  does  not 
yield  any  precipitate  with  hydrochloric  acid.  The  precipitate  formed  as  above  de- 
scribed is  particularly  abundant  when  the  lichen  has  been  obtained  from  birch-stems, 
and  the  maceration  has  not  been  continued  for  more  than  15  hours. 

Ceratophyllin  forms  thin  white  prisms,  which  when  placed  upon  the  tongue,  produce,  at 
first,  a  slightly  irritating  taste,  soon  becoming  rather  strongly  perceptible  in  the  throat ; 
subsequently  a  persistent  burning  sensation  is  experienced  on  the  tongue.  It  melts  at 
147°  to  a  colourless  liquid,  and  solidifies  in  the  crystalline  form  between  136^  and  138^. 
It  begins  to  sublime  even  at  the  melting  point,  and  at  a  somewhat  higher  temperature 
fublimes  very  easily  and  without  alteration,  in  thin  colourless  laminss. 

Ceratophyllin  appears  to  be  a  higher  homologue  of  orselHnate  of  ethyl,  C'*H"0* ; 
its  melting  point  is  about  16^  higher  than  that  of  the  latter. 

CerHtophyUin  is  much  more  scluble  in  hot  water  than  in  cold  ;  it  dissolves  readily 
in  alcohol^  etker^  potash-ley,  aqueous  ammonia^  and  lim^-water.  The  alcoholic  solution, 
which  has  a  neutral  reaction,  is  coloured  purple-violet  by  a  small  quantity  of /cttic 
chloride,  blood-red  by  solution  of  chlrride  of  lime,  the  latter  colour  being  destroyed  by 
excess  of  the  reagent ;  no  precipitate  with  alcoholic  sugar-of-lead  or  nitrate  of  silver. 
From  the  ammoniacal  solution  hydrochloric  acid  throws  down  the  ceratophyllin  in  thin 
prisms.  Ceratophyllin  dissolves  in  dilute  nitric  acid^  the  solution  acquiring  only  a 
■light  yellow  tint  when  heated.  Strong  siUvhuric  acid  dissolves  it  without  alteration 
at  ordinary  temperatures,  but  chars  it  when  heated. 

PKTS08TZ0MZKB.  (J.  Jobst  and  O.  Hesse,  Ann.  Ch.  Fharm.  cxxix.  115; 
Jahresb.  1864,  p.  454.) — An  alkaloid  obtained  from  the  Calabar  bean,  the  seed  of 
Physostigma  venenosum,  a  poisonous  leguminous  plant  growing  in  marshy  situations 
near  Attarpah  and  Old  Calabar  in  Upper  Guinea.  The  poisonous  power  appears  to 
reside  only  in  the  cotyledons.  By  repeatedly  exhausting  the  shelled  beans  with  boiling 
alcohol  of  80  per  cent.,  and  evaporating  the  extract,  a  yellowish  residue  is  obtained, 
which  dissolve  in  water  with  acid  reaction,  and  separation  of  a  small  quantity  of  oil. 
Neutral  acetate  of  lead  added  to  this  solution  throws  down  an  acid  (not  precipitable  by 
lime-water,  chloride  of  calcium,  or  nitrate  of  silver),  and  the  filtrate  fr^ed  from  lead  by 
mlphydric  acid,  yields  on  evaporation  a  red  residue,  from  which  absolute  alcohol 
extracts  acetate  of  physoetigmine,  leaving  gum  undissolved. 
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The  hftse  lUrlf  is  most  OBBi\y  prepurnd  from  the  pxtr«ot  by  Hatnraling  iti  solution  in 
•  snittll  quantity  of  cold  water  wjtJi  calcined  magnrsta,  ovaporating,  and  tnratuig  the 
ftill  moist  rwidue  vitb  ether,  as  long  as  that  polrcnt  takes  up  any  of  the  bnae.  The 
clhen*Al  solution  is  a^tated  witii  a  few  drops  of  very  dilute  sulphoric  add;  the  lover 
dark  red  layor  of  liquid  is  a^in  shokoa  up  with  magnesia  ;  the  base  thus  soparuted  is 
dissolTrd  up  by  ether ;  and  t'l**  Kolution  is  left  to  PTaporate. 

PliVBOBtigmiDe  thus  obtained  is  ■  brovnish-yeltuir  funorphons  mass,  eparinply 
w>1nhU  in  watpr,  modemt<>]y  <u>hi)>Ie  in  ethtr.  alcohol,  henxpup,  uminonia,  and  soda. 
From  thi-  ctherenl  solution  it  is  complet«'ly  prrcipitated  by  animal  charroal.  The 
nqueouK  Holution  has  a  slight  burning  taste,  a  aistinct  alkaline  reaction,  forms  a  kennea 
rxtlnured  precipitate  vith  iodid**  of  hydrt^n  and  potassium,  and  prectpitatas  feirie 
hydrate  frum  a  solution  of  the  chloridn. 

The  ttolutiuns  of  pbysostigmine  in  acids  bare  a  dark  red  or  more  rarely  a  dark  blue 
colour  ;  they  arf*  more  or  less  decolorised  by  sulpbydric  acid,  and  leave  the  snlt^  in  ths 
form  of  n^  nmorphous  masses.  pa#iily  soluble  in  wster  and  in  alcohol  Thoy  form  amo^ 
phona  precipitates  with  ianmc  a'vd  and  with  pfatinief  auric  and  mercuric  chloridct.  The 
j/dd'SaU  decomposers  easily,  with  se^iAmtion  of  the  metals. 

PhyKMtijnnine  is  the  active  principle  of  the  Calabar  bean.  The  solution  given  in 
ainHlIdoRe«  to  a  mbhit  produces  paralysis  in  flre  and  death  in  twenty  minutes^  withoot 
oontniclton  of  the  pupils.  When  dropt  into  the  eye,  Lowpv^t  (even  an  hour  after 
d(»alh),  it  produces  m  ten  minutes  considerable  contraction  of  the  pupil.  According  to 
Chridtison,  a  dose  of  0*8  grm.  of  the  TM*an  produces  rertigo,  and  strong  paraly&is  of  the 
Yolunrnrj-  muscles  without  Bny  painful  symptoms  ;  according  to  Hsrley,  a  piece  of  the 
si/e  of  a  milk'C-see<l  will  kill  n  cat  or  a  nibbit ;  according  to  Boliertaon,  the  bean 
produces  transient  contraction  of  the  Sphinct^  Indin  and  Mii^rulus  ciliarU,  and 
flierefon*  afTnrds  nn  excellent  mf*ans  of  conntemcting  dilatation  of  the  pupiL  The 
alcoholic  extmct  of  th?  beans  is  the  moat  convenient  for  medical  purposes. 

VBTTOCBXUIKZS'reT.  The  Chemistry  of  Flanta.  The  most  comprehensive 
tn-ali-e  on  this  ptil  jccl  is  that  of  Roclilpder,  published  at  Leipag  in  1864,  snd  (riven  in 
ft  somewhat  uhri'lged  form  in  the  eigtitli  volume  of  Gmelin's^fiandhuch  dex  Chemie."* 
contuiniiig:  I.  The  proximate  principlea  of  pliints  arranged  according  to  ordeni  nnd 
penent.— 12.  The  nutrition  of  plants,  and  the  formation  and  metamorphoses  of  their 
s«'veral  constituents.  See  also  the  articles,  AsH  of  Oroakic  Bodiks,  MAm-SR.  and 
KiTBiTiojf  or  Pi-A>T8  in  this  Dictionary ;  also  the  several  articles  describing  the 
cliemicul  cuusti^utiuu  uf  iodiridual  plants. 

PHTTOHtXlliXlB'  or  Pfavf-yetfovr.     A  name  proposed  by  W.  Stein  for  rntlDt  OB 

account  uf  its  wide  diffusion  in  the  vegetable  kingdom.     (See  Rijtik.) 

rZAirziTB*  An  earthy  resin  occurring  st  Pianze  near  Keustadt  in  CamiolA,  io 
browuiMli-blaok  ma*«es  with  yeUowish-brown  streak.  Hsrclness  —  1-6.  Specifia 
gnirify  -  1*220.  It  m<>lts  at  .'llo^,  nnd  burns  with  nn  aromatic  odour  and  much 
■moke,  leaving  6*96  ^ler  cvut.  ash.  It  diasolves  iu  ether  and  in  caustic  potash,  freely 
hIso  in  absolute  alcohol.  When  beated  in  a  gU.><s  tube,  it  yields  a  yellovish  oily 
distillate  having  an  acid  reaction.     (Haidinger,  Pogg.  Ann.  Uii.  275.) 

TXCAX/LA^XU     One  of  the  products  of  the  distillation  of  wood-tar.     It  is  an  oil  ol 

specific  irravity  1*10,  unctuous  to  the  touch,  having  a  faint  odour  and  a  buminc  bitter 
tnstft.  It  boils  at  alwut  270°,  and  unites  with  alkalis,  forming  aystaUisable  com- 
pound.**.   (Reichenbach.) 

PXCHT7KXC  ACZ9.     6yn.  with  LxtjRie  Acm  (iii.  473). 

PXCHUlUrM-OXX.  Pichurim-beJins,  Faha  PicXurim  minore*  (from  Occtfti  ' 
pirhiirt/  wirncr,  Msrtiun),  >'ield  by  distillation  with  water,  a  yllow  oil,  smelling  bke 
bay  iiDfl  passafras  oil,  and  havinK  a  sharp  burning  taste.  By  distillation  with  sulphurio  ( 
HCid  [which  prevents  the  beans  from  oggregHting  into  h  pasty  mass,  and  increase*  ths 
vieM  of  liquid),  Miiller  (J.  pr.  Chem.  Iviii.  463)  obtained  a  yellowiflh-greeii  oil, 
having  the  peculiar  odour  of  the  beans,  slightly  soluble  in  aqneon^i  alcohol,  easily  solu- 
ble in  aUvlnte  alcrjhol  and  in  ether.  By  repeated  fractional  diKtillation,  it  may  be  re- 
s-^lred  into  a  number  of  oils  of  constant  boiling  point,  viz.  ( I ).  A  colourless  mobile  oil 
boiling  at  1A0°,  and  emitting,  when  rubbetl  between  the  Angers,  a  very  pungent 
ndour  like  that  of  the  leaves  of  TViKTium  MuTum. — (2).  A  tninsparent  colourless  oil 
Iwiling  between  16A'^  and  \1(P,  and  smelling  like  nniiiges  when  it«  viipour  mixes  with 
the  air  in  small  quantity,  Uke  turpentine  in  larger  quantity.  Both  the»e  oils,  after 
drying  over  chloride  of  calcium  ana  solid  |X)taph,  consist  essentially  of  n  hydK>carbon 
C*H",  partly  Mltered  by  oxidation. — (S).  A  yellowish-green  oil  boiling  betTreen  535'' 
and  240*^,  smelling  like  the  beans,  mope  vi&cid  than  the  preceding,  and  agreeing neM-ly 
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in  composition  vitb  tlie  empirical  formuk  C"H*0'. — (4).  In  Jai^r  quantity,  nn  oil 
builiiig  between  260*^  and  '2Qfi°,  and  agreeing  nearly  in  composition  vrith  the  furmolii 
C*H*H).  This  oU  has  a  faint  odour  and  deep  bloe  colour  permanent  in  the  dark, 
bat  diongifig  to  gn^enish-yellow  under  thi^  influence  of  light  or  of  oxidising  agents, 
ftppearing^  then  to  be  cunvertod  into  that  hiat  dp«chbed. 

PicMurim-camphor.  According  to  Bonastre,  pirhurim-oil  is  resoWpd  bj  cold 
ftleohol  intu  u  strong-tiinelUng  f^heopteuf*  and  a  nearly  inodorous  camphor  or  8teAropt«ne 
which  HCpiimrtr^i  in  \rhit«  shiuing  micuoeous  lamiiiw.  According  to  Miiller,  tlie  dark 
blue  oil  uln>rtf  mentioutd  dci»os«irB  crvstale  of  Inuric  acid,  which  may  t>ft  extracted  in 
larger  quantity  by  mcAiis  of  stxla.  Bunastre'a  camplior  perhaps  consisted  either  of 
this  acid  or  of  laiiru^t<-ann. 

VXCB1THOSTEa.RXC  ACZ1>.     Syn.  with  Laoric  Aero. 

VZCJCSRXWCITX2.  Native  mugnesia-alum  found  near  Iquique  in  Pern  (see 
Sulphates  ^. 

rSCOX.ZKa.   C^'N.     Odcrifu.   (UnTerdorben,  Pogg.  Ann.  viii.  259.  460;  xi. 

69.— Anderson,  K.  Ed.  Phil.  J.  ili.  146,  2S1 ;  PhiL  Mug.  J.  [3]xxxiii,  186;  also 
J.pr.Chem.  46.  166;  I'M.  Phil,  Trans,  xxi.  Pt>  1.  219;  Phil.  Mag.  J.  [4]ix.2U;  also 
EtL  PbU.  Trans,  xxi.  Pt.  4,  578— C.  Grr^^ville  Williams,  Chem.  Soc.  Qu.J.  vii.  97; 
Chem.  GttJL  xii.  2S3  ;  Ed.  Phil.  Trans,  xii.  Pt.  2,  313;  Church  and  Owen,  Chem. 
News,  ii.  146. — Wertheim,  Ann.  Ch.  Pharm.  Ixx.  62 ;  Chem.  Gaz.  vii.  3i)9.) 

Iq  1826,  UDTcrdurben,  while  iuTPstignting  the  fcBtidoUobtained  in  thedeKtructiredia 
filiation  of  bones,  discovered  sereml  volatile  alkaloids.  Among  these  was  onfl  distin- 
guishiKl  by  its  oTorpowering  and  ptrxisteDt  !<n)ell ;  to  this  substance  he  gure  the  name 
of  0(/</ft7ie.  The  experimeula  of  Unverdurben  however,  although  conducted  with  re- 
murkable  skill  and  perBevcrant^e,  did  not  in  any  way  eetublifth  the  e<'im|^>OMtEon  of  thu 
bodies  which  he  separated,  and  as  no  wdt  was  obtain-  d  by  him  fine  from  other  h«irao- 
logues  of  the  same  series,  we  shall  not,  except  in  special  ca^es,  quote  bis  results.  Mi»5t 
of  the  facts  observed  by  him  may  b<*  fotinil  in  Gmelin's  Handhoolt,  xi  263  ei  arq.  But 
in  1H46,  Dr.  Anderson  succcoJed  in  isuhitiug  a  bu.sc  from  coal-naphtha,  which  hp 
showed  to  be  isomeric  with  aniline.  Hf*  also  showetl  'te  relations  to  Unverdorbra's 
odurine,  uud  gare  it  the  name  of  picoline.  Subsequently  he  df^tected  the  same 
alkaloid  in  bone-oil,  accompanied  by  numerous  homolcgues,  including  pyridine,  the 
firrt  member  of  the  seriea. 

Ountrrmcf  and  Formation. — 1.  In  eoal-nnnhlha  (Anderson).— 2.  In  bone-oil 
(Anderson). — 3.  In  the  tar  produced  by  distilling  the  bitEiniinnti}<Hha.leof  l>orbetshir6 
t Williams).— 4.  It  is  probnlily  contained  in  the  basic  h'qind  ohtnined  by  Stpnh(iii*m 
is  his  respiireheson  tJie  products  of  the  drstruclire  distilhitino  of  brans,  &c. — 6.  AbH.«e 
{toase&sing  tht  same  centeaimrtl  comfrfisiiion  jjiid  1>oiEiiig  fwint  is  foun<l  among  the  pro- 
ducts of  the  distillation  of  clnchoiiine  [Williiims), —  6,  In  the  <1i)«tillute  ^m  peat 
(^Churchand  Owen).  Tlip  statement  by  Weitlieim  tliAt  pvccline  is  yielded  by 
piperino  when  dititilled  with  soda-lime  is  erruneuu.*.  The  b:ise  obtained  in  that  manner 
IB  pipcridine,  C*ii^'N.  The  question  of  tht"  identity  or  isomcriwrn  of  tht-  tertiary  mona- 
minea  formed  during  dcatructivt-  diatillution  is  one  of  the  gn^nte^t  dtflHeulty,  and  recent 
rr-aearches  haTfl  shown  not  only  thnt  the  chinoline  and  leu<  oline  series  are  distinct, 
but  also  that  the  pyridine  series,  as  found  in  the  distillute  irom  cinchonine,  also 
form  a  distinct  class.     (See  Ldtiuinb,  iii^  737.) 

Preparatitm, — The  preparuliau  of  all  volntile  Vnii-es  (except  pyrrol)  from  the  oily  pro- 
dactjB  of  dpstructivo  distillation,  is  coaduded  in  nearly  the  same  manner.  The  oib 
are  first  to  be  shaken  up  with  sulphuric  ncid  diluted  with  alYiut  twice  its  weight  of 
water.  This  tretttmeot  laiith  acid  may  br  repoatetl  to  cnt^ur*"  the  entire  removal  of  the 
last  portions  of  the  ba^^es.  On  stanmng,  the  acid  solution  Hetties  to  the  bottom  of  the 
vwjsel  and  may  be  removed  by  means  of  a  siphon  or  separator.  A  very  good  apparatus 
for  the  purpose  consii^ts  of  a  carboy  fivm  which  the  bottom  hiis  been  removec.  It  is 
to  be  inverted  and  pLiced  on  any  convenient  support  which  will  allow  of  vessels  being 
place<l  beneath.  A  sound  bung  to  whiiJi  a  stupoock  hu.s  been  fitted  is  then  to  be 
cemented  to  Lhf  neck  of  the  carboy.  Thf  mixture  having  been  pUcod  in  ihe  separator 
the  Hcid  liquid  is  to  be  drawn  otf  below.  The  next  step  is  to  boil  in  an  open  rrasel  as 
long  as  pyrrol  is  given  otf.  This  may  be  Hseerrained  by  holding  a  slip  of  fii^wood, 
moiuteued  with  strong  hydrochloric  acid,  in  the  escaping  steam.  When  the  wood  is 
DO  longer  reddened  the  boiling  may  be  stopped.  If  it  be  desired  to  suve  the  pyrrol  the 
operation  mubtbe  conduclcd  in  a  still.  As  sfHjn  as  the  pyrrol  has  been  expelled,  tlie 
liquid  is  to  be  strained  through  calico  to  n-move  pitchy  and  reainons  matters.  An 
ex(-e»'i  of  caustic  soda  is  tlun  to  be  added,  and  the  whole  distilled  as  long  as  the  dis- 
tiltale  contains  bnscs.  This  may  be  ascertained  by  seeing  whether  fiinitv  are  given 
off  on  the  approach  of  a  rod  dipped   in   hydrochloric  acid.     If  the  distillate  is  very 
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wpHk,  it  is  to  be  concentrated  by  a  second  distillation,  before  proceeding  to  the  next 
opemtion.  The  next  step  is  to  add  a  large  excess  of  solid  potaab  to  the  Uqmd,  so  as  to 
render  the  bases  insolubre,  and  cause  them  to  rise  to  the  surface.  This  operation  raost 
be  performed  with  care,  in  order  to  prevent  the  temperature  rising  sufficiently  to  canse 
a  loss  of  the  more  volatile  constituents. 

The  basic  oil  which  rises  to  the  bur&ce  after  the  addition  of  the  solid  potaah,  is  to  be 
separated  from  the  aqueous  liquid,  and  placed  in  bottles  of  moderate  size.  The  mix- 
ture of  bases  still  contains  a  large  quantity  of  vater,  which  must  be  entirely  removed 
before  proceeding  to  the  next  operation.  To  effect  this,  sticks  of  potash  are  to  be 
added  and  the  whole  allowed  to  stand  a  few  minutes.  The  water  wul  soon  begin  to 
act  on  the  potash,  and  the  solution  of  hydrate  of  potassium  which  sinks  to  the  bottom 
of  the  bottles  is  to  be  removed  as  fast  as  it  is  formed.  The  most  convenient  mode  ol 
doing  this  is  by  means  of  a  Urge  pipette  furnished  with  a  vulcanised  india-mbbei 
ball  at  its  upper  extremity.  The  ball  is  to  be  pressed  flat  in  the  hand,  and  the  lower 
end  of  the  pipette  being  immersed  in  the  liquid  to  be  removed,  the  pressure  on  the  ball 
is  to  be  lessened;  the  Uquid  will  then  enter  the  bulb  of  the  pipette  and  may,  after  re- 
moval, be  expelled  by  renewing  the  pressure.  After  proceeding  as  above  for  aboot 
half  an  hour,  it  will  generally  be  found  that  the  separation  of  the  water  will  begin  to 
take  place  very  slowly.  More  solid  potash  is  then  to  be  added  and  the  whole  left 
at  rest  for  some  hours ;  the  removal  of  the  squeous  portion  is  then  to  be  repeated 
It  will  require  a  day  or  two  of  digestion  to  effectually  remove  every  trace  of  moistore. 
It  will  alt>o  be  found  that  the  more  volatile  and  soluble  in  water  the  bases  are,  tbo 
more  digestion  will  be  required.  It  must  not  be  forgotten  that  if  aniline  and  it* 
homologues  are  present,  they  must  be  destroyed  by  boiling  with  nitric  acid  befort 
attempting  the  dehydration. 

It  is  a^lutely  essential  to  remove  every  trace  of  moisture  before  proceeding  to 
fractional  distillation.  The  smallest  qoantity  of  water  will  give  rise  to  the  gnvtest 
errors  if  it  be  attempted  to  separate  mixtures  by  taking  advantage  of  the  differences  in 
the  boiling  points  oi  the  substances  present.  The  whole  liquid  will  now  require  to  be 
subjected  to  a  complete  and  svstematic  distillation.  This  process  is  exceedingly  tedious 
and  takes  a  vast  amount  of  time.  A  mixture  containing  six  or  eight  homologous  bases 
will  require  thirteen  or  fourteen  complete  fractionations,  involving  nearly  a  thousand 
distillations,  before  anything  approaching  to  complete  separation  will  be  cuffected.  For 
full  details  of  the  methods  of  conducting  the  operation,  the  reader  is  referred  to  th« 
original  memoirs  quoted  at  the  bead  of  this  article. 

Thb  picoline  will  be  found  in  the  fractions  boiling  at  about  135^.  The  fractions  dis- 
tilling in  the  twelfth  or  thirteenth  rectifications  between  130°  and  140°  will  eonsist  of 
almost  pure  picoline. 

Properties, — Picoline  is  a  colourless  mobile  liquid  which  does  not  freese  at  0°.  It 
has  an  intensely  powerful  and  characteristic  odour,  and  when  inhaled  through  the  nos- 
trils, produces  a  bitter  taste  in  the  month  and  back  of  throat.  It  fumes  strongly  on  tbs 
approach  of  a  rod  dipped  in  hydrochloric  acid.  It  blues  litmus  but  does  not  affect  th« 
colour  of  a  solution  of  red  cabbage.  It  does  not  yield  any  coloured  reaction  whra 
chloride  of  lime  is  added  to  its  aqueous  solution,  bat  the  mixturu  acquirea  a  new  and 
peculiar  odour.  It  boils  steadily  at  about  135°  (Anderson).  Its  specific  gravitf  at 
0°  is  0-9613.  The  density  of  its  vapour  was  found  by  experiment  to  be  3*290.  Theory 
requires  3-224.  The  refractive  indices  of  a  specimen  prepared  from  peat  by  Mr. 
Cburi'h,  and  having  a  specific  gravity  of  0*9A5,  were  found  by  Oladstone  and  I>sle  to 
be  for  A.  1-4H8H  ;  D,  1-498U;  H,  1-5314,  the  temperature  at  the  time  being  23-6'*. 
(Phil.  Trans.  18C3.  p.  317.) 

Drcirmiyositions. — 1.  The  action  of  cHiorine  on  picoline  varies  according  to  the 
manner  in  which  the  experiment  is  made.  When  a  current  of  the  sas  is  passed 
through  an  aqueous  solution,  ulisorption  takes  place,  the  liquid  U^somes  brown,  and  a 
iH-culiar  pungent  odour  is  evolved.  From  the  solution  putash  precipitates  a  dark 
Drown  resinous  matter.  But  if  excess  of  picoline  be  poured  into  a  bottle  of 
chlorine,  and  the  liquid  be  distributed  over  the  surface  of  the  bottle,  the  greater  purtioa 
i^  converted  into  a  crystallised  mass,  wliich,  on  treatment  with  water,  leaveo  ao  amor- 

fhous  powder  of  dazzling  whiteness.  It  is  insoluble  in  water  but  solnUe  in  aleoboL 
tconsistsof  the  hyd  roc  hi  orate  of  trichloro  picoline,  CH'CI'N'.HCl  (Ande^• 
son). — 2.  BronUru'Water  ^AAaA.  to  solution  of  picoline  yields  a  reainoat  predpitatSh 
insoluble  in  water,  but  soluble  in  aliKihol  and  etner.  When  picoline  is  thrown  into  a 
vessel  filled  with  bromine- vapour,  the  reaction  which  ensues  is  analogous  to  that  with 
chlorine. — 3.  Iodine  in  presence  of  water  yields  hydriodate  of  pictdine  mixed  with  a 
brown  impurity. — 4.  Nitric  acid  does  not  readily  decompose  picoline  eren  when  botlsd; 
no  picric  acid  is  formed  even  after  prolonged  ebullition.  Nitric  acid  in  the  cold  yields 
nitrate  of  picoline  (Anderson). — 6.  Sodium  cobobated  for  some  daja  with  pioolias 
eon\«±na\\.in\A^&TayLColiQe,  anew  and  remarkable  base  appucatl/ po^yascie wilk 
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picoline  iteclt  Its  formula  is  OH'X.OH'N  «  C"H'^N«.  It  bofls  between  260=  aod 
316^,  asd  U  at  thp  same  tinir>  partially  decomposed,  with  formadoo  of  pyrrol  and  car- 
bouate  of  ammonium.  It  muKt  be  dmtillod  in  a  current  of  hydrogen  at  a  temperaturo 
tM'iov  its  boiling  point.     (Anderson.) 

PicoLurB-8ALT& — PicoHxie  unitea  with  adds  forming  Balta,  most  of  which  an 
tiueedingly  aoluble,  but  in  g<»nerttl  crystalliaable  whan  carefully  prepared.  On  mixing 
tbem  with  Hirong  acids  conHiderublo  UcaL  is  evolved.  Ail  picoboe-salts  an  reudiljr 
decompohwl  by  tUed  alkalis^  with  sepdnttion  of  the  bane.  Xhey  closely  rt»s«mble  th« 
ultaot  pyndine. 

Hydrochloratf. — Hydrochloric  acid  and  picoline  mixed  in  the  proportion  of  one 
equivalent  of* eaob  and  carefully  evaporstcd  on  the  wvitcr-baih,  yield  prismutio  crystals, 
which  sublime  when  gently  heutKl.     The  Biiblimr-d  salt  i^  d«'liquf6ccnt.    ^Anderson.) 

CkUinKvprttte  of  lUtotinc. — J*arge  rhombohtdral  cr)'8tuU  obtained  by  evaporating 
cupric  chluride  with  hydrochlorate  uf  piculine. 

Ci»loronu!TcuraU.\  C"H'N.Hg"Cl''. — Fieoline  ailded  to  a  strong  solution  of  corrosive 
snblimttle  yields  a  curdy  precipitate.  From  dilute  sulutious  it  may  be  obtained  in 
needles.   The  salt  must  be  air-dried  as  it  evolves  picoline  when  heated.   (Anderson.) 

CklorottUrate, — Delicate  yellow  needles  disBolTLng  in  20  pts.  of  boiling  water. 
(tJnverdorhen.) 

CM/orojjiaimaie..  2(C*H'N.HCl).Pt'»CI*.— This  salt  \-arips  in  appearance  with  the  mcla 
of  preparation.  A  »)neentrat-ed  sututiun  of  tetmchluhde  of  platinum  added  U>  u 
strong  solution  of  hydruohlunite  of  picoline,  yields  orunge-yellow  needlec  requiring 
about  4  pts.  of  boiling  witter  for  solution.     (Anderson.) 

The  plntinum-t^alt  i»  slowly  decomposed  hy  boiling  with  water,  and  yields,  after  eight 
or  ten  days,  an  insoluble  substance  resembling  flowers  of  t-ulphur,  und  having  the 
foru]ulaC"li'*Pt"N'.4iICl.  It  is  the  salt  of  a  pl;itinum-bn8e  analogous  to  plattDHmitie  ; 
it  is,  therefore,  the  dihydrochlorate  of  platinopicoltne.  If  the  ebullition  of 
the  original  pUtinum-salt  with  water  be  arrejited  nt  a  certain  point,  which  is  only 
aacertainable  by  expt-riment.  a  double  sal  I  cr^'stallises  oui  cuntaioiug  1  at.  dihydrochlo 
rate  of  phitinopicolmo  united  to  1  aU  chluroplatinaie  of  picoline.     (Anderson.) 

Sulphate  of  Picotinr, — A  neutral  stdphalc  of  picoline  has  not  yet  been  obtained, 
owing  to  the  tendency  of  the  h&ho  to  escape.  When  an  excess  is  added  to  the  acid,  and 
the  mixture  is  cvuporuted  on  the  water-bath,  the  hiute  continues  totly  off  until  an  acid 
salt  is  formcAl,  which  on  cooliug  soldiiles  to  a  moiis  uf  colourless  deliquescent  aystala. 
(Anderson.) 

Oxalate  of  Picoline. — When  excess  of  picoline  is  added  to  solation  of  oxalic 
acid,  and  the  mixture  is  PA-aporatod  over  lime,  the  a'hole  eventually  eolidifiwi  to  a  deuee 
crystallino  mass,  Tvry  soluble  in  water  and  alcohoL  Heated  to  100^  it  melts  giving 
off  piouline  and  yielding  an  add  salt.     (Andersuu.) 

Svl>$titutioH-deri votive*  0/  Jicoline, 

ffpdriodaie  of  Ethyl- piculinr,  C-H''N,III  =  CU«(Cn«)N.ni.— Picoline  ia 
to  be  mixed  with  exL-ess  of  iodide  of  ethyl,  and  sealed  in  glass  tabes.  On  beating  to 
100°  in  a  waFer-bath,  combination  beginut  to  take  place  aJmust  immediately,  fai?at  ie 
evolved,  the  liquid  separates  into  two  layers,  and  iu  a  few  minutes  the  reaction  is  com* 
pleted.  On  cooling,  the  upper  stratum  solidities  to  a  crystalline  mass,  and  cryst^la 
also  form  in  the  lower  layer  which  consists  priiioiijally  of  the  excess  of  iodide  of  ethyL 
The  Ruli«i  und  liquid  purtions  are  to  be  thn>wn  on  a  tiU-fr,  and  the  cry^tHls  washed  with 
a  mixture  of  alcohol  ^md  either ;  after  draining,  the  salt  is  to  be  dissolved  in  as  small  a 
quantity  as  possible  of  a  boiling  mixture  of  alcohol  and  elher.  As  the  liquid  cools  the 
new  substance  is  deposited  in  beautiful  silvery  plates.  It  is  rery  soluble  in  water  and 
alcohol,  but  less  soluble  iu  ether.     (Anderson.) 

Ethyl-picoline. — When  the  hydriodate  is  disaulved  in  water  and  moiat  oxidu  of 
silver  is  agitated  with  it,  iodide  of  silver  is  precipitated  und  the  base  remains  in  solu- 
tion. Heat  must  be  avoided  as  the  baae  is  rendily  decomposed.  It  the  operation  bo 
cautiously  prrformcd,  a  colourle&si  solution  results  ;  it  has  a  fnint  but  peculiar  oduiir,  und 
is  highly  alkaline.  It  restores  the  blue  of  nxldened  htmua,  luma  turmeric  brown,  haa 
a  powi^rfully  caustic  taste,  and  feels  soapy  between  the  fingers.  It  reacts  with  metallic 
salts  generally  like  potash  or  soda.  On  boiling,  the  solution  becomes  red,  and  ^thyl- 
amiue  iu  evolved.     (Anderson.) 

Piattnum-iolt  of  EthylpUoUne,  2(C»H"N.HCl),PtCl*.— Orange-red  tobukr  crystal* 
of  considerable  size  and  great  beauty.     (A  nderson.) 

GoUi-wlt,  C"H"NJiCLAuCl".— Golden-yellow  flattened  priams. 
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EthyUne-dipicoltfl'diammonium,0'n''^  -  (C'*n*y'(<?H')»N«.— The  chlo- 
ride or  bromide  of  thU  base  is  obtained  by  treating  picoline  with  chloride  or  bzoinid* 
ofethylene:e.y..^^^^^^^^^     +     C«H*CI«       -       (C*H^r(C%')»N«a«. 
(Church  and  Owen) ;  eee  also  Davidson  (Chem.  Soc,  Qu.  J.  xiv.  166). 
Cofutitution  of  Picoline, 

Picoline  is  a  tertiary  monamine,  formal  on  the  tvpe  of  one  atom  of  ammoota. 
But  it  differs  from  the  tertiary  monamines  produced  by  the  action  of  the  iodidft 
of  the  alcohol-radicles  on  ammonia,  in:i6much  as,  instead  of  baring  the  three  atoms 
of  hydrogen  in  the  type  replaced  by  three  atoms  of  a  radide,  they  appear  to  be  re- 
placed by  one  triatomic  radicle.     It  is  therefore  usual  to  write  its  formula  {C*W)"S. 

Nothing  certain  is  known  of  the  nature  of  any  of  the  triatomic  radicles  contained  ia 
the  tertiary  monamines  produced  by  destructive  distillation.  C  O.  "W. 

VXCOTZra.  A  black  chromiferons  spinel  occurring  as  an  acceasoxy  constitnent 
in  Iiherzolite  (iii.  686).  It  has  a  density  of  4  08.  and  contains,  according  to  Damoni^s 
analysis  (Jabresb.  1862,  p.  724),  560  per  cent,  alumina,  8*8  chromic  oxide,  lO'S  mag- 
neata,  24*0  ferrous  oxide,  and  20  siliceous  residue  ( «   101'2). 

VXCRABCXC  JkCXS.  CH'N'O^.— An  acid  produced  by  the  action  of  redoang 
agents  on  picric  acid  (see  Kitbophzkamic  Acids,  p.  406). 

KOKAMMOWXTniK.   C»H'»N»  «  ^^'^   |nV    Lautemann. Ann.Ch.PhanL 

czxT.  I.) — A  n-i-ammonium,  the  iodide  of  which  is  produced  by  the  action  of  iodine 
and  phosphorus  on  aqueous  picric  acid,  that  is,  of  hydriodic  acid  on  picric  acid: 

<>H\NO')"0  +  23HI  -  C«H«N»P  +  7HH)  +  lOP. 
A  saturated  solution  of  picric  acid,  treated  with  iodine  and  phosphorus  (beat  with  100 
pta.  iodine  to  about  20  pts.  phosphorus),  becomes  heated  to  the  boiling  point,  and  on 
subsequently  distilling  off  the  excess  of  hydriodic  acid  in  an  atmoephers  of  carbonic 
anhydride,  the  remaining  liquid  solidifies,  at  a  certain  degre*)  of  concentration,  toa  msM 
of  long  yellowish  needles  of  the  tri-iodide,  which  may  be  obtained  nearly  colourless  bj 
washing  with  alcohol  containing  ether,  solution  in  abeolute  alcohol*  and  eTa|K»«tian  in 
a  vacuum  over  oil  of  vitriol. 

Iodide  of  picrammonium  is  deliquescent  and  becomee  resinous  on  ezpoaore  to  light; 
cry:itallises  &om  aqueous  hydriodic  acid,  but  not  ^m  water ;  from  the  alooh<£c  so* 
lution  it  is  precipitated  in  the  resinous  state  by  ether.  The  aqueous  eolation  redoers 
plntinie  ch/oride;  forma  a  steel-blue  precipitate  with  a  strong  solution  ol^  ferric  ekhridt ; 
and  imparts  to  a  dilute  solution  a  deep  blue  colour,  wliich  changes  to  violet  aAera 
while,  and  then  disappeiirs,  a  flocculeot  precipitate  separating  at  the  same  time. 
mtratt  of  silver  added  to  the  rolution  of  the  iodide  throws  down  silver^iodide  and 
metallic  silver,  the  supernatant  liquid  turning  bhie.  The  iodide  eraporated  withm'tnr 
arid,  gives  off  a  small  quantity  of  pts,  and  yields  brown  crystals  formmg  a  blue  solatioB 
in  water.  With  pottuh-lty  it  gives  off  ammonia,  and  deposits  brown  flocka  The 
dilute  solution  of  the  iodicfe,  mixed  with  a  little  amnioma,  becomes  blue;  the  concea- 
trated  solution  acquires  a  transient  dark-green  colour. 

Ficramine,  or  hydrate  of  picrammonium,  cannot  be  isolated  on  account  of  its  ready 
uxidability. 

(rfb«)«     ) 

Acid  Sulphate  of  Picrammonxum,  {Cm^^^Yll{SO*y    -     (C«H»«N*r}'0*»    is  ob- 

H        i 
tained  by  mixing  the  solution  of  the  iodide  in  abeolate  alcohol  with  dilate  ralphvis 
acid,  in  greyish-white  flocks,  which  ciystallise  with  partial  decomposition  from  watcs. 
The  sulphuric  acid  is  completely  precipitated  from  this  salt  by  chloride  of  barium. 

8uiphatO'iodideofPicramm<mium,{C'W^*)'^\^^^\%B?0  -  (ciH^n-j^^HKIl 

is  obtained  in  light,  amber^yellow,  ocUhedral  dTstsIs,  when  the  aqneovs  sohitioB  d 
the  iodide,  mixed  with  dilute  sulphuric  acid,  ia  left  to  evaporate.  It  is  easily  aolubts 
in  water,  nearly  insoluble  in  alcohol  and  ether,  and  difficult  to  arstalliae  from  1 


Acid    Phc»phUa-iodid4    of    Ficrammmtum,     (^^g^T^^^  |,ih"0        - 

(PO)-     )q, 
(OH^K*)"*)-  J  .2HK),  separates  in  the  crystalline  state  on  mixii«  the  aqosow  iodids 

H        I 
with  orthophosphoric  acid.    It  dissolTst  easily  in  water,  with  diflealty  ia  aleoU  wak 
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ether.  Fbo6|>horic  acid  added  to  the  alcoholic  solution  throws  dovn  ao  insoluble  salt 
free  from  iodine,  the  solution  of  which  in  hydrochloric  add  deposits  needles  having  a 
Mtinjloatxe. 

VZmAMTXta  The  name  applied  by  Berzelins  to  stilbene  or  hjdride  of  stUbyl 
(see  SriLBnaX 

WOT  II WilTtOmB.  A  mineral  occurring  in  geodra  in  the  gabbro  of  Tuscan j ; 
also  in  the  steatitic  paste  of  a  metalliferous  dyke.  It  forms  trapezohedrons  and  cubo- 
tn^ecohedrons,  with  distinct  cubic  cleavage.  Hardness  ~  6.  Specific  gzsvity  » 
9*3£7*  Coloor*  fleeh-red  to  colophonite-reiL  Lustre,  vitreous.  Contains,  according 
toBeehi  (SilL  Am.  J.  [2]  xiv.  62).  69*11  per  cent  silica,  22-08  alumina,  10-12  mag- 
nesia, 0-45  soda,  002  potash,  and  7*67  water  (»  9946),  agreeing  with  the  formuLt 

T|t|^>4SiO*.HH),  which  is  that  of  analcime  (L  210)  having  the  greater  part  of  the 

•odinm  rmlaced  by  magnesium.  The  mineral  has  most  probably  been  formed  from 
SBaldme  by  the  action  of  water  containing  magnesia.    (Dana,  IL  318.) 

yzCBAJrZBZO  ACSS.  The  name  applied  by  Gahours  to  picric  acid  obtained  by 
13m  action  of  potash  on  trinitranisol,  which  he  supposed  to  be  an  isomeric  modification; 
but  it  has  since  been  shown  to  be  identical  with  picrie  acid  obtained  from  other 
I  (p.  402). 

LCD*   G*H'(KO^)K). — Already  described  as  trinitrophenic  acid  (pp. 
400-406). 

mOMXM,  A  bitter  substance,  of  doubtful  constitution,  obtained  by  Radig  from 
fos-g^ove  {DigiUUia  purpurea).  It  is  described  as  a  yellow-brown,  sometimes  czystalline 
sabstance,  soluble  in  water,  alcohol,  and  ether,  and  precipitated  from  the  aqueous 
•oliltion  by  mercuric  chloride,  ferrocyanide  of  potassium,  and  acetate  of  lead,  not  by 
carbonate  of  potassium,  or  sulphate  of  copper  (Handw.  d.  Chem.  vi.  503). 

YZOBOCTAino  ACIS.    Syn.  with  Isopubfvbzc  Acid  (iiL  433). 

mtOKOBXTTKBZV.  C'^H'^O'. — A  body  produced,  together  with  orsellinic  ether, 
by  the  action  of  boiling  water  on  erythrio,  in  connection  with  whidb  it  has  bean  already 
dsscribed  (ii.  503). 

$-Pieroeiythrin,  C"H*0*. — Lamparter  (Ann.  Ch.  Pharm.  cxxxiv.  243),  by  treating 
South  American  varieties  of  RocceUa  fucifomm  with  milk  of  lime,  as  in  Stenhouse's 
process  fbr  the  preparation  of  prythrin,  has  obtained  a  body  which  he  calls  ^-frytkrin^ 
laving  the  composition  C'lI^K)'"  ;  differing  from  that  of  erythrin  by  CH*  (whence  it 
might  be  called  vutht/l-crythrin),  resembling  erythrin  in  most  respects,  bat  mptting  at 
116® — 116°,  with  violent  evolution  of  carbonic  anhydride,  whereas  erythrin  melts,  ac- 
cording to  Hesse,  at  137°,  and  does  not  give  off  carbonic  anhydride  till  heated  above 
200*^. 

^-erythrin,  boiled  with  water^  yields  orsellinic  acid  and/3-picroer^hrin.  The  reaction, 
and  that  by  which  ordinary  picroerythrin  is  produced  from  crythnn,  are  represented  hy 
the  equations : 

C»H«0'«  +     H*0        -        Cn*0*     +     C'«H'«0'. 

Errthrin.  Orielltnic  acid.  Plcroerrthrtn. 

C"H=*0>»  =         C"HK)*     +     C'«H'«0. 

^-«r|thrtn.  Orielliulc  ftcld.  ^-picroerythrla. 

^-eiythrin,  boiled  with  strong  alcohol,  is  resolved  into  orseUintc  ether  and  iS-picro* 
oythnn: 

C»H«0'*     +     C*H«0        -        C"H'(CH")0^     +     C"H'H)«     +     H«0. 
^■•ryUirtn.  Alcuhol.  OrMlllnic  /3-picro- 

ether.  erythriD. 

On  distilling  off  the  alcohol,  a  syrupy  rpsidue  is  left  which  solidifies  on  cooling. 
The  solution  <rf  this  maw  in  boiling  wator  yit'lds  on  cooling  silvery  laminse  of  orsellinic 
ether,  and  the  mother-liquor  evaporated  to  a  syrup,  deposits  j9-picroeiythrin  in  stellate 
groups  of  needles. 

Beta-picroezythrin  has  a  slight  acid  reaction,  and  gives  a  red  colour  with  chloride  of 
Hme.  it  is  very  soluble  in  water  and  in  alcohol,  sparingly  in  ether.  It  dissolves  alno 
in  ammonia,  and  the  solution  forms  with  basic  acetate  of  lead  a  white  precipitate, 
and  with  nitrate  of  silver  a  reddish  precipitate,  which  deposits  metallic  silver  when 
warmed.    When  boiled  with  baryta-water,  it  yields  carbonate  of  barium  and  jB-ordn. 

VXOSOr&trXXa.  A  mineral  consisting  of  a  silicate  combined  with  flnor  spar 
and  water,  occurring  at  Lapikko,  near  Pitkaranta,  in  Finland.  It  is  white,  with  a  tinge 
of  green  or  blue,  nngle-reftvcting,  with  an  unctuous  to  dull  lustre:  hardness  -»  2t<k%\ 
specific  gravity  ^  2*74.    It  melts  befon  the  blowpipe  wiXh\ntum«iic«iiM«Xi'^«\AtU'n!^ 
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diiwolvoti  complutcJj  id  aci<U>t  und  give«  off,  vith  sulphuric  wad,  a  lAtg«  quantity  o! 
fluoride  uf  sUioou.     AniUjsea,  a  by  A.  and  J.  Oaliadu,  &  by  Ai^pe^  garo 

S10«  P  Ca'O      Mg"0      Fe"0    Mn"0     H«0 

o,     20-90     11-16     22'72     2879     lfi4     078     8'97         -         04'M 
6.     3216      .     .      19«fl     2519     3*50     •      •     908 
ThpM>  ruialysefl  le«d  to  the  formula  (4M''0.3SiO*).2Ca"F'.3n*0.     (Arppe,  JthnA, 

1882.  p.  752.) 

PZCXOOXTCZOir.  DnJcamarin.—k  ffubetaDce  contained,  together  with  nlnin 
and  other  matters,  in  bittprsw(>et  or  Stipites  Dulcamarm,  th«  stems  of  Solanmu 
Du/camara.  It  is  obtained  ir*^  from  soUnino  by  cxbaosting  the  aqa^otu  extrafil  of 
the  Mteiua  with  alcohol,  distilling  uff  the  alcohol,  diHsoKing  the  rewidue  in  water,  prr>- 
cipilutingtheaolation  with  basic  riretate  of  lead,  deconopofling  the  It^-ptvdpitAtr  with 
sulphydnc  acid,  and  pvnporating  the  filtrate  lb  dryness.  On  trenting  th»»  reKidnp  with 
acetic  ether,  and  tearing  the  ether  to  evnponite.  picroglycion  ia  obtained  in  smnll  rt^l> 
]aC«  cryptali,  which  may  be  fireed  from  mother-liquor  by  pressure  between  paper. 

Picroglycion  haa  a  sweet  and  bitter  tastf^,  melts  very  easily,  and  is  decomfioseil.  with 
carbonisation,  at  a  higher  temperature.  It  is  rery  soluble  in  water,  lUcobol,  and  acpbc 
ether;  innoluble  in  common  ether.  It  ia  not  precipitated  ^m  ita  aulutiona  uither  by 
metallic  salts  or  by  tincture  of  galls. 

PZC&OULCBSVnr.  A  subatanoe  contained,  according  to  Alms  (Ann.  Ch. 
Pharm.  i.  61)  in  Varwiaria  amara.  It  is  eixtractz-d  by  aleohol.  cryatallised  by  arapo- 
rutingthe  solution  to  n  syrup,  and  purifiod  by  wajihiog  with  a  weak  solntioa  of  pdaaic 
curbonHte,  and  recxystjiUising  from  aU'ohol. 

It  forms  tmrcatra  rhombic  octahedrons,  coloorlesa,  permanent  in  the  air,  inodonMui, 
Tfry  bitter,  and  baring  a  specific  gmrity  »  1176.  It  mplts  at  100°,  and  earbonisM 
at  a  highor  temperature,  giving  off  vapours  fifH*  {n\m  ammonia.  It  is  inootuhle  in 
cold  WHtor,  slightly  soluble  in  (wiling  water,  very  solable  in  alcohol,  ether,  robitileoib^ 
and  sulphide  of  carbon,  and  with  aid  of  heat  in  fixed  oila.  The  alcoholic  solntioB  hai 
an  acid  reaction. 

Picpolichenin  is  decomposed  by  nitric,  hydrochloric,  and  phosphoric  acid.  With 
caurttic  potash  it  forms  a  red  solution,  from  which  acids  precipitate  a  brown-red  bittf 
substance.  When  Ir'fl  in  contact  with  ammonia  in  a  close  Vdssf-l,  it  fint  bceocD«« 
viscous  HDil  resinous,  and  ultimately  disitolvea,  forming  a  liquid  which  is  colourlws  M 
first,  then  turns  reddish,  finally  8af&\)D-yellow,  and  deposits  after  a  while,  shining  yellow 
tufts  of  flattened  tantelesa  needles  easily  soluble  in  alcohol  and  in  caustic  alkalis.  Tbry 
effloresce  in  di^  air,  give  off  ammonia  when  heated,  und  mvlt  at  40°  to  a  glutiooua  mua, 
having  a  deep  cherry-red  colour,  und  behaving  with  solvents  like  the  cryst&la.  Th« 
sjune  red  body  ii  formed  when  the  ammoniacal  solution  of  ptcrolicbenin  is  U^  to 
evaporate  in  the  air.  Its  formation  seems  to  show  that  picrolichenin  is  a  source  of 
orcin.  and  probably  identical  with  one  of  the  colouring  ocida  of  the  Uchena  (leanorie 
add.&;o.). 

PICKOZiZTB.  A  fibrous  dark -green  variety  of  serpentine,  somewhat  reaemhUag 
asbei<ios:  found  in  Silesia,  and  at  Philipstadt  in  Wenneland,  Sweden. 

VZCROBtESZTB.  Pota»5io-magne!«ic  sulphate,  K'Mg'(S0*)'.6lI^,  crystaUis(4 
fruni  thf  solDtions  of  saline  crusts,  from  the  fomaroles  of  Vesarian  lavma  of  the 
eruption  of  1855.     (Scacchi.) 

gldtOFHARBCACO^ITg,    See  PiURXACOLrra  (p.  38"). 

PZCSOPBT^If  (from  irixp^i,  bitter,  and  ^^KKov,  a  lcaf)>  A  massire  foliated, 
fibrous,  m agues io- ferrous  siliciite,  from  Sala  in  Swerlen.  It  has  a  deep  greenish-grey 
colour;  hiininess  =  2*6;  specific  grivity  =  2  75.  Before  the  blowpioe  it  tnro* 
bliu.'k  and  then  white,  without  melting ;  when  moistened  with  cobalt-solution  aod 
ignited,  it  turns  pair  red,  OntaiuH  4980  per  cent,  silica,  30  10  magnesia,  G'66  ferrooft 
oxide,  with  trace  of  manganous  oxide,  078  lime,  Ml  alumina,  and  983  watrr 
(-  98-48),  whence  the  formula  3(;Mg".JFe'*)SiO".2H«0.  It  ia  perhaps  an  altend 
augite.     (Svanberg,  Pogg.  Ann.  I  662.) 

FXCXOSMZn  (from  vixp^t,  and  inn4i.  odour\  A  hydrated  ftdicnte  of  magnerimn. 
occurring,  with  magnetic  iron  ow,  near  Pre^nilx,  in  Bohemia,  in  trimetric  OTfltaLs,  ex- 
hibiting the  combiiiatiun  a>P  .  aPoo  .  odI*<jo  .Poo.  Angle  ooP  :  qdP  »  126°  52'; 
»Px  :  »P«15H  26';  al'r  :  V'x,  «  121°  6';  P«  :  l^co  (over  (xPoo  )  -  ey  IT; 
adjacent  =  117°  49'.  Cleavage  parallel  to  wPao  perfect;  pttrsllel  to  QeP«:,le«so: 
traces  parallel  to  Poo .  It  occurs  also  finf>-columnar  ana  granular.  UardneM  — 
2  6 — 3.  Specific  gravity  =  2ft9— 268.  Lustre  on  cleavage-face  pearly;  elsewhere 
vitreous.  Colour  greeoiah-white,  also  dark  green  and  grey.  Streak  white.  Snbtraw- 
loccnt  to  opaque.     Emits  a  bitter  urgillaooous  oduur  when  moistenefl.     When  heated  it 
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giTM  off  water  eoDtainlng  ammonia ;  behares  before  the  blowpipe  like  picropbjU. 
Contaiiu  64-89  per  cent  silica,  34*36  magneeia,  0*79  alumina,  1*40  ferric  oxide.  0*42 
atanganous  oxide,  and  7*30  water  («  99-16),  whence  the  formula  2Mg''SiO'.H*0,  the 
magneaium  being  partly  replaced  by  iron.     (Magnns,  Po^.  Ann.  tI.  63.) 

VZOKOTBOMSO Ji  IT JL  A  white  radiate  mineral,  from  the  gabbro  of  Tuscany, 
CODtaiiung,  according  to  Bechi  (Sill  Am.  J.  [2J  xiv.  63),  40-35  per  cent,  silica,  31*26 
•InmiDa,  10-99  lime,  6*26  magnesia,  0'28  alkali,  and  1079  water.  It  is  probably  a 
thomoonita  having  the  soda  replaced  by  magnesia.     (See  Thohsonitb.) 

VXOBOTOJCXO  ACXO.  The  name  g^ven  by  Felletier  and  Couerbe  to  picrotozm, 
I  it  nnitea  with  metallic  oxides. 


VZOKOTOZXV.  C^'E'^O*.  (Boullay,  Ann.  Chim.  zxx.  209.— Gasaseca, 
Ann.  Ch.  Fhys.  [2]  xxx.  307.-^0.  Oppermann,  Mag.  Pharm.  xxxr.  233.— Pelletier 
and  Couerbe,  Ann.  Ch.  Phya.  [2]  Ut.  181.— Liebig.  Ann.  Ch.  Pharm.  x.  203. — 
Begnanlt,  Ann.  Ch.  Phys,  [2]  Ixriii.  160.— L.  Barth,  J.  pr.  Chem.  xci.  155 ;  Bull 
floe  Chim.  1864,  ii.  388.)--The  poisonona  principle  of  the  seeds  of  Cocculus  indicus 
(Meniipennum  Coccultu\  To  prepare  it,  the  pulverised  seed  is  twice  exhausted  with 
Doiling  alcohol ;  the  alconol  distuled  off ;  the  residual  fat  boiled  out  with  a  laige  quantity 
df  water ;  and  the  brown  aqueous  extract  mixed  with  a  small  quantity  of  neutral  lead- 
aeetate  to  remove  colouring  matter.  The  filtrate,  freed  from  lead  by  sulphTdric  acid, 
ifl  then  eraporated,  and  the  picrotoxin  which  separatee  ia  repeatedly  cxystaUised  from 
water  till  it  oeoomes  colourless.*     (Barth.) 

Picrotoxin  usually  crystallises  from  pure  solutions  in  stellate  groups  of  needles ; 
from  coloured  liquids  in  interlaced  spongy  threads,  which  after  a  while  change  into 
more  solid  needles,  more  rarelv  into  laminae  (probably  containing  water  of  ciystallisa> 
tion).  It  is  permanent  in  tLe  air,  inodorous,  has  an  intensely  bitter  taste,  and  is 
neutral  to  vegetable  colours.  It  decomposes  without  fiision  when  strongl^r  heated.  It 
disaolves  in  150  pts.  of  cold,  and  25  pte.  of  boiling  water ;  in  3  pts.  of  boiling  alcohol 
of  speciflc  gravity  0*800;  also  in  ether  and  in  warm  fixed  oils.  Its  alcoholic  solution 
tnms  the  mane  of  polarisation  to  the  left;  [a]  ^  —28°  (Bouchardatand  Boudet); 
—  — 38°(Pfaundler^  for  a  column  1  metre  in  length.  It  ia  very  poisonous,  pro- 
ducing vertigo,  convulsions,  and  death. 

Anaif/tet  tff  PicrotOMim. 
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oppermann,  whose  analyses  differ  considerably  from  all  the  rest,  proposed  the 
ftmnula  C*H*0',  requiring  61*2  carbon  and  6*1  hydrogen ;  but  all  the  other  analyses 
agree  veiy  nearly  with  the  formula  C'H^K)'.  Ba^'s  analyses  also  give  60-2  per  cent. 
aa  the  maximum  percentage  of  carbon. 

Picrotoxin  unites  with  alkalis,  baryta,  lime,  and  oxide  of  lead,  forming  uncrystalUs- 
aUe  compounds  which  are  difficult  to  purify.  On  boiling  it  for  some  hours  with  dilute 
•nlphuric  acid,  saturating  with  carbonate  of  barium^  and  evaporating  the  filtrate,  there 
remains  a  syrup  which  dissolves  in  alcohol  and  dries  up  to  a  gummy  mass  having  the 
oomoontion  C«H"»Ba"0'«  or  C»H"Ba''0".6H*0.  By  boiling  for  30  hours  with  mlute 
■nlphuric  acid  and  proceeding  as  above,  a  barium -compound  is  formed  containing 
C*H"Ba''0"  or  C»*H"Ba"0'*.4H'0.  The  organic  substance  separated  from  this  com- 
pound dissolves  easily  in  water  and  alcohol,  and  dries  up  to  a  light  yellow  gummy  mass^ 
which  when  dried  at  130^  has  the  composition  C-*H"0'»  or  C"H"0»  =  C'«H'*O^H»0. 

Picrotoxin  in  many  of  it^  reactions  exhibits  the  character  of  a  saccharine  substance. 
It  reduces  cuprie  oridt-  from  alkaline  solutions,  and  when  boiled  with  dilute  acids, 
takes  up  water,  forming  a  substance  which  also  reduces  cuprie  oxide.  The  reducing 
power  of  picrotoxin  is,  howev*»r,  about  five  times  less  than  that  of  glucose.  "With 
nUrie  aeid^  it  yields  oxalic  acid,  and  when  distilled  with  sodaMme^  it  gives  off  a  small 
quantity  of  liquid  having  the  odour  of  metacetone. 

Picrotoxin  dissolves  in  strong  sulphuric  acid,  forming  a  saffi*on-coloured  solution. 
With  aulphvric  acid  and  potassic  dichromate  it  assumes  a  red-brown,  and  on  heating 
adai^  brown  colour.     (Schmidt.) 

Sromopierotoxin,  C'^H^^BrO*,  is  formed,  with  evolution  of  hydrobromie  acid,  by 

*  OnHnt  the  recrjitalDiiitlon  of  plerotnxin,  thrrw  Mpsralci  s  tmall  quaotitr  of  another  fubataneo 
(perhapi  BmilUy's  meni^permle  actd.  Hi.  fl79).  tpardiKlr  soluble  In  wattr,  alcohol,  and  eUirr,  but  eaaUr 
soluble  In  dtlutp  «nd(r  r  >rbonate,  and  separatMl  therefrom  br  adds  In  inUroacople  ooadlai*  tu  im\-ii». 
luds  CO  the  fonDOla  CW-'O* 
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«ggregatbd  into  spherical  masses  sereial  inches  in  diameter,  which  are  enclosod  in  a 
somewhat  lighter,  pnmice-like  mineral  having  a  more  fine-grained  structure.  The  dark 
grey  crystalline  particles  (piddingtonit«)  are  compoaed  of  57*66  per  cent,  silica,  20'65 
^rrous  oxide,  1*53  lime,  1200  magnesia,  with  trace  of  alumma(==  98*84).  The 
ash-grey  mass  encloses  also  small  black  granules  of  chrome-iron.  The  crust  of  tbs 
meteorite  is  very  thin,  of  blackish- brown  colour,  with  rery  little  lustre. 

FXOOTZTM.    Ad  incrostation  occurring  on  the  granite  cli£&  of  Cornwall,  consisting 
of  alumina  combined  with  an  organic  substance  called  mudeaoue  acid  (iii.  1060). 

VXBZiXTa.    A  dottbtfol  mineral  species  between  talc  and  mica,  found  at  Fahlnn  in 
Sweden. 


SC  ACZB.  C»H»«0«.  (Laurent,  Ann.  Ch.  Phys.  [2]lxrii384;  [3] 
aoui.  459. — Si  e  v  ert,  Zeitschrift  fur  die  gesammten  Naturwissenschaften,  xir.  311.)---Aii 
add  resin  occurring  in  the  turpentine  of  Pinus  marithna,  which  hardens  on  exposure 
to  the  air,  forming  the  substance  called  galipot;  also  in  the  colophony  of  Bordeaux 
(L  1087).  To  prepare  it,  the  galipot  of  commerce,  after  being  freed  from  admixed  tur- 
pentine, is  pulverised  and  stirred  up  with  a  mixture  of  1  pt.  ether  and  6  pts.  alcohol, 
which  is  poured  oflf  after  a  short  time.  The  undissolved  portion  treated  twice  more 
in  the  same  way,  and  then  dissolved  in  boiling  alcohol,  yields,  aft^v  several  days' 
standing,  crystalline  crusts,  which  must  be  promptly  taken  out  and  purified  by  recrys- 
talltsatioD  from  boiling  alcohol  (Laurent).  It  may  also  be  obtained  by  washins 
Bordeaux  colophony  with  cold  alcohol,  dissolving  the  residue  in  boiling  alcohol,  and 
leaving  the  solution  to  crystallise. 

Pimaric  acid  forms  white,  warty,  crystalline  crusts,  consisting  of  microscopic  rectan- 
gular or  sometimes  six-sided  prisms  (Laur  en  t) ;  fine  thin  laminn^  the  pimary  form 
of  which  is  a  quadratic  prism  often  truncate  on  the  ed^es,  or  acuminatea  (Bievert). 
It  melts  at  about  125°,  and  solidifies  only  at  68^^,  to  a  hmpid,  sometimes  aystallogra-' 
nular  mass ;  the  acid  dried  in  a  vacuum  Icses  under  these  circumstances  0*4  per  cent. 
water  (Laurent).  It  sinters  together  between  120**  and  186°,  and  melts  completely 
at  158°  to  a  clear  liquid  from  which  the  unaltered  acid  sublimes  at  120°.  In  a  capil- 
lary tube,  both  the  crystallised  and  the  already  ftised  acid  melt  at  153°  (Sievert). 
Specific  gravity  =  11047  at  18°.  It  is  laevorotatory,  but  in  a  less  degree  than  sylvie 
acid.  It  gives  by  analysis  78*18  per  cent,  carbon  and  9*74  hydrogen  (Laurent); 
79-02  carbon  and  9*87  hydrogen  (Sievert),  the  formula  C^H^O*  requiring  7947 
carbon,  9'94  hydrogen  and  10*59  oxygen.  According  to  these  results  pimaric  acid  is 
isomeric  with  sylvie,  and  probably  also  with  abietic  acid. 

Pimaric  acid  is  insoluble  in  water,  but  dissolves  in  10  pts.  alcohol  at  18°  and  in  its 
own  weight  of  boiling  alcohol  (Laurent)  ;  in  13  pts.  alcohol  of  92  per  cent.,  in  2  pto. 
at  the  boilinz  heat  (Sievert).  Fused  pimaric  acid  dissolves  quickly  when  triturated 
with  an  equal  weight  of  cold  alcohol,  but  the  solution  solidifies  almost  immediately 
from  separation  of  crystals. 

Amorphous  Pimaric  Acid, — Crystallisedpimaric  acid  becomes  amorphous  by  keeping. 
It  then  dissolves  in  its  own  weight  of  alcohol,  the  solution  not  aolidirying  in  the  crys- 
talline form,  but  depositing,  when  mixed  with  water,  a  soft  mass  having  the  same 
composition  as  crystallised  pimaric  acid.  Pimaric  acid  in  the  fused  state  or  dissolved 
in  alcohol  does  not  undci^  this  transformation  (Laurent).  Laurent  safaae^oently 
zegarded  amorphous  pimanc  acid  as  identical  with  pinic  acid. 

The  pimarates  of  the  alkdi-metaU  are  soluble.  The  alcoholic  solution  of  the  add 
does  not  precipitate  the  alcoholic  solutions  of  the  chlorides  of  strontiuin^  calcium  and 
moffnesium,  except  on  addition  of  ammonia,  which  produces  a  copious  precipitate  in 
the  calcic  solution,  less  abundant  in  the  others.  The  ^coholic  acid  mixed  at  the  boiling 
heat  with  the  alcoholic  solutions  oi plumbic,  cupric,  or  argentic  acetate  forms  amorphous 
precipitates  after  some  time.  The  Uad-aalt  dried  in  a  vacuum  contains  26*5  per  cent 
lead-oxide,  agreeing  approximately  with  the  formula  C^H^Pb"©*,  which  requires  27"5fi 
per  cent 

Pimaric  acid  distilled  in  a  vacuum  in  quantities  not  exceeding  10  gnus,  yields  first 
traces  of  water,  then  pyromaric  acid  solidifying  for  the  most  part  in  the  neck 
of  the  retort,  and  ultimately  leaves  only  a  trace  of  charcoal  Larger  quanties  of  the 
aod  distilled  in  vessels  containing  air  yield  chiefly  pimarone.  Pimaric  acid  gradually 
added  to  strong  sulphuric  acid  forms  a  brown-red  solution,  which  if  poured  into  water 
afters  24  hours  deposits  reddish-grey  flocks. 

By  boiling  with  nitric  acid,  pimaric  acid  is  gradually  converted  into  nitromaric  or 
azomaric  acid,  C*'H'*(NO')''0\  which  collects  on  the  surface  of  the  liquid  as  a  yellow 
friable  resinous  mass  which  may  be  purified  by  repeated  boiling  with  water,  or  by  solu- 
tion in  acid  and  precipitation  with  water.  This  add  decomposes  when  melted,  leaving 
m  bulky  charcoal,  bat  does  not  glow  or  deflagrate  even  when  quickly  heated.  It  buzua 
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like  a  min.  and  yields  by  dry  distilljitioD  &  very  small  qaantity  of  oiL  tt  is  imoloble 
in  wuter,  soluble  io  oil  of  vitriol,  alcohol  and  pther:  lh«  aleoholic  solution  mldofl 
litmuB.  It  furta.1  reddittb-yellow  stiltn.  lhos«  of  ihe  tdkali-ituUxl*  being  liable,  th* 
bahum-sail  insoluble.  The  ftlcoholic  solution  of  the  add  fomu  yellowish  precipitiiet 
witli  nrutral  acttate  of  lead  and  m'traU  o/nlver. 

PZHKAKOITB.  C^H^O.— When  a  considerablp  qnsntify  of  pimaric  arid  is  dis- 
tilliHi  in  a  Tf«HHl  containing  air,  and  tb^  rijvid  disfillate.  eoniisting  of  piinsRm» 
mixed  with  pyromarie  iicid»  is  oaponified  with  potash,  the  j)im*rone  is  tAkeo  up  into 
tho  soap  formed  by  I  he  pyromarie  acid;  and  on  tifriuiin);  tlie  pulvprnsfd  soap  iritb 
elber,  the  piinnron^  diiuolves,  toother  with  n  Nmall  quanTity  uf  potas.<<iiun-iu]ts,  which 
may  be  xvinored  by  wat<^.  The  residuid  pimaroDc,  «ft«*r  Iteiog  waehed  witJi  diJiit# 
potush-lpy  and  with  water,  and  dried  in  a  racuum,  is  ypllowiah,  hap  the  ooDsivteiuyof 
a  fixed  oil,  and  dissolves  in  alcohol  and  ether.  It  hardens  altuOMt  oompletely  oo  expo- 
■uiv  to  the  air. 

PIAISX.XC   ACZS.     CH'-O*  =  (C'HI'OTj  ot.     (Laurent,  Ann.  Ch.  Phya  [2] 

bvi.  163.— Bromois.  Ann.  Ch.  Phartn.  xxxv.  104.— Gerhard t,  R/'t.  scient  xix.  12, 
— tiaco^  Ann.  OK.  Pharni,  H.  221. — Arppe,  ihtd.  cxv,  143 ;  cxxiv.  98. — Gm.xii.  4flS.) 
This  rtciii  was  discovered  by  I>aurent  in  tte  mother-liqnom  muUing  from  the  xctioa  of 
nitric  acid  on  ol^ic  acid,  and  is  likewise  prodnoM  by  the  action  of  nitric  acid  on  wax, 
spormncetic  and  other  fatty  boJiea.  Sace  obtftined  it  by  the  action  of  nitric  add  on 
liD^ectl  oil. 

Laurent  prepirea  it  by  boilinp  200  or  300  prma.  of  oleic  acid  for  twelve  honra  with  mi 
aqnul  weiiiiit  of  nitric  acid,  cohobiirinp  the  di«fiUate  from  time  to  time.  The  nitric  ftcid 
ia  then  decanted,  the  unHissolvcd  portion  again  trciited  wit!i  a  quftutity  of  nitric  acij 
equal  to  the  former,  niid  th?  ebullition  continued  for  another  twelve  hoars.  Thi* 
openttion  is  repented  mx  or  seven  times  till  only  aVwut  a  fifth  of  the  oleic  add  remaJM 
nodissolred.  Thn  deennted  portions  of  nitrio  neid  are  then  united  and  evaponttd 
down  to  on*'-fourth.  Tlie  reMdue  left  to  itself  for  twelve  honn  d«pu«its  graDoLps  ol 
Buboric  acid,  which  arc  to  b«  pressed,  moi8tene<l  with  cold  water,  a^n  sabmitto) 
to  prpjwiire,  and  the  pxprensed  liquid.^  evaporated,  the  vejwel  bf-ing  coolpd  fmm  tim*  ti) 
lime,  and  the  suberic  acid  wliich  j*ep«,nite9  rerauvwl.  This  acid  mny  \*v  recognised  by 
forming  granules  which  are  soft  iifter  being  pressed  with  a  glass  rod.  GnduiUy, 
liowever,  pimelic  acid  begins  to  separate  in  hard  sandy  grains,  mixed  at  first  with 
suberic  acid,  which  is  eusily  removed  by  levigution  with  water.  By  a  new  evaportttiuo 
more  pimelic  acid  is  obtained,  but  it  crjatallises  very  slowly,  the  depo^tion  not  baag 
complete  fur  several  days.  The  evaporation  munt  not  br>  pu!>bed  too  far,  because  tbs 
mother-liquor  contains  other  acids  of  still  greater  solubility.  The  pimelic  acid  maji 
be  freed  from  adhering  suberic  acid  by  means  of  alcohol,  which  easily  diaaulvca  Ifat 
Istt«'r,  and  finally  purified  by  crystalliBation  from  Iwiliog  water. 

Pimelic  acid  forms  grains  of  about  the  tdxe  of  pins'  heuds.  appearing  under  a  raneni- 
fying  glass  as  groups  of  crystals^  the  form  of  which  cunnot  be  made  out.  It  is  inodo- 
rous, hut  has  an  add  taste.  It  melts  at  about  114°  (Laurent);  at  134*^  (Bromeisi; 
distils  at  a  high  temperatore.  1  pt.  of  the  add  disaolvra  in  35  pts,  water  at  18° ;  it  is 
Tery  soluble  in  boiling  water,  al»o  in  warm  alcohol  and  ether;  it  disvolres  iilso  ia 
hoi  strong  sulphuric  acid.  When  heated  with  hydratr  <>/ p^ttansifm  it  gives  off  hydro- 
gen without  blackening.  The  residue  contains  oxalic  acid,  and  when  treated  with 
mineTal  acids  giv^s  off  a  volatile  ticid  ri'sembling  VHlerianic  acid  (Oerhardt): 
C'H'K)'    +    2H-0     «     C*H*0*   +    C*n"0*   +    2H«. 

Pimelic  acid  is  dibasic,  but  only  the  neutral  saUa,  CH"M'0*  and  CH^ITO*  are 
known.— The  amvumium-tftlt  gives  off  umnionia  when  boiled,  and  gradually  on  expo- 
sure. The  aeid  neutruliseil  with  ummonin  does  not  preoipitnta  thf-  salts  of  barium, 
strontium,  calcium,  miignesium,  mangiiuese  or  cine  With  had-^aiU  it  forms  a  whii« 
precipitate,  apparently  insoluble  in  water  and  in  alcohol;  with/rtric  talU,  a  light-wd 
prw'ipitate;  with  mercuric  chloride,  a  while  predpitate. — The  copprrsait,  CH'^a"0*. 
lA  a  blue  precipitate,  insoluble  in  water  and  in  alcohol. — ^The  »ilo€r-^t^  CH'Ag'O',  is 
likewise  obtaiiiisl  by  pncipiUition. 

9IMCBX.XC   ETasxS.     PimrftiU  cf  metht/l,  C'H'«(CH*)«0*,  is  prepared  like  the 

etiivl -com  pound  and  *l«i;Mnipnw9  in  like  manner  when  boiled. 

Ptmf/tiUn/  Ktht/i,0"E^O'  =  C'H'«(C^'H»)K)*,  is  obtained  by  the  repented  sct.iMi 
of  hydrochloric  acid  on  an  alcoholic  solution  of  pimelic  acid.  The  portion  which  is 
Tulutile  beluw  100°  is  dieitillt^l  off,  the  residue  neutralised  with  carbonate  uf  sudiuiu, 
and  the  dark  red  oil  thereby  separated,  which  incraaaes  in  quanlity  on  further 
addition  of  water,  is  dehydratoi  with  chloride  of  calcium.  The  liquid  thus  obtaiiwd 
haa  a  fruity  odour,  and  gives  by  analysis  61*44  per  cent*  0  and  9  70  H  (calo.  6111  C 
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and  S-26  H).  It  begina  to  boil  at  186°,  but  the  boiling  point  gradiuUy  riaes,  chanoal 
•epuntes,  and  a  liquid  panes  over  wli^ch  efferrewtv  vilb  carbonate  of  lodiam,  and 
ftppean  to  be  ethyCpimdie  acid,  CH"(C'H')0*.  It  gave  by  analyMs  57'OS  per  cent, 
C  and  9-10  H  (calc.  67--44  per  cent.  C  and  8-60  H).  (Marsh.  Ann,  Ch.  Pharm,  ciy. 
126.) 

PimelaU  of  Amyl,  C"H*0*-  (rH'»(C»H")'0*.— Prepared  like  the  preceding  com- 
pound. Dark-red,  somewhat  oily  liquid  having  a  penetrating  but  not  unpleaiiant  odour. 
Boila  between  170®  and  200°.  Insoluble  in  wator,  soluble  in  alcohol  and  ether  (anal 
67-64  C  and  10-99H;  calc.  68*00  C  and  10'67  H).     (Marsh,  loc.  cit.) 

ram&XTB.  A  name  applied  to  several  green  nickeliferous  silicates : — a.  Gr«en 
ehiysopnute  earth,  accompanying  chrysoprase  in  Sile9ia(K]aproth,  Btitrdffe,i\.  134). 
^-6.  Oiocker'fl  Muitf,  a  massive  green  mineral  from  Silesia,  meagre  to  the  touch,  of 
^wciflc  gravity  1-468.  Gives  off  water  when  heated;  is  infusible  before  the  blowpipe; 
yields  metallic  nickel  by  reduction  with  sodic  carbonate  (C.  Schmidt,  Pogg.  Ann. 
Izi.  388). — e.  A  similar  mineral,  but  greasy  to  the  touch,  and  of  specific  gniTity  271— 
2*76.  Behaves  before  the  blowpipe  like  talc,  and  givee  the  reactions  of  nickel.  Be- 
eomposed  by  adds  both  before  and  after  ignition  (Baer,  J.  pr.  Chem.  It.  49) : 
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The  first  of  these  minerals,  if  the  iron  be  supposed  to  exist  as  ferrous  oxide  and  the 
slamina  be  reckoned  with  the  acid,  may  perhaps  be  represented  by  the  formula 

(Ni^O  ;  Fe'O  ;  Mg''0).2SiOr7H«0.  The  second  has  the  composition  Im  ?ol*-*^^*^' 
HK).  The  third  may  be  represented  by  the  formula  S^Mg'O  ;  Ni"0)''SiO«].2(2R*0'. 
3Si0^.18HK).  This  mineral  contains  organic  remains,  containing  044  per  cent. 
carbon  (according  to  Bayer).  It  loses  8*8  per  cenU  water  at  110^,  and  21*37  per  cent,  at 
•  red  heat. 

9JMMMTO,  OUb  or.  A  volatile  oil  obtained  from  the  &uit  of  Myrtu$  Pimento, 
the  pods  of  which  yield  10  per  cent  and  the  seeds  5  per  cent  oil  (Bonastre,  J. 
Phana.  zi.  187).  The  crude  oil  is  viscous,  has  a  pale  yellow  or  light  brown  colour, 
and  strong  refracting  power ;  specific  gravity  ~  1*03  at  8°.  It  n^sembles  oil  of  clove* 
in  taste  and  smell,  and  reacts  like  that  oil  with  suiphurio  aeid,  nitric  acid,  and  iodine  ; 
dissolve*  completely  in  alcohol  and  eiker. 

By  treatment  with  strong  poUuKjey,  it  is  resolved  into  eugenic  acid,  C"H'K)' 
(ii  604X  and  a  hydrocarbon  polymeric  with  oil  of  turpentine,  probabl;^  C'*H*.  This 
hydrocarbon  is  a  colourless  rather  viscid  oil,  smelling  somewhat  like  oil  of  turpentine, 
and  exhibiting  feeble  laevo-rotatory  power.  Specific  gravity  098  at  18°.  Boiling-point 
S-66.     (a  Oeser,  Ann.  Ch.  Pharm.  cxxxL  277  ;  Bull  Soc.  Chim.  1866, 1  434.) 


OXL  or.  The  volatile  oil  obtained  by  distilling  the  root  of 
PimpiniUa  »axifraga  with  watar,  has  a  golden-yellow  colour,  a  viscid  consistence,  ft 
bitter,  irritating  taste,  and  is  resinised  by  strong  acids.  The  oil  obtained  in  like 
manner  from  Pimpinella  ni^ra,  a  variety  of  P.  Boxifraga,  is  light-blue  and  viscid  (B I  e  v, 
Tiommsdorfi^  N.  J.  zii.  [2]  29).  Oil  of  anise  (i.  297)  is  obtained  from  PimpineMt 
onitum. 


(>H'K).  (Fittig,  Ann.  Ch.  Pharm.  cxiv.  64.)— An  oily  body  pn>. 
doced  by  the  dehydration  of  pinaoone,  either  by  distilling  the  crystallised  hydrate  of 
pinacone  with  sulphnric  or  hydrochloric  acid,  or  by  subjecting  fused  pinacone  to  the 
action  of  dry  chl(»rine  gas.  It  is  colourless,  has  an  odour  of  peppermint,  a  specific 
gravity  of  0-7909  at  16'',  and  boils  at  106°.  It  is  insoluble  in  water,  but  mixes  in  all 
proportions  with  aicohol  and  ether.  It  does  not  unite  with  acid  sulphites  of  alkali- 
metaL  With  strong  nitric  acid  it  yields  red-brown  oily  nitro-compounds.  When 
subjected  to  the  action  of  dry  chlorine  in  diffused  daylight,  it  is  converted  into 
dichloropinacolin,  C*H'*C1H),  which  is  a  heavy  viscid  oil,  solidifying  after  a  while 
in  colourless,  needle-shaped  crystals.  It  acts  on  the  nose  and  c^es  lixe  dichlonicetonf 
(i  30),  melts  at  61°,  boils  at  178°,  is  nearly  insoluble  in  cold  water,  and  sparing^ 
soluble  in  hot  water,  from  which  however  it  czyst&Uises.  Its  solution  in  ether  or  in 
absolute  alcohol  is  precipitated  by  water. 


r&OOn.  (rH"0*  (Fittig,  Ann.  Ch.  Pharm.  ex.  23  ;  Jahrmb.  1869,  p.  342. 
— Stiideler,  Ann.  Ch.  Pharm.  cxi.  277;  Jahresh.  1869,  p.  346.— Friedel,  Ann.  Ch. 
pharm.  cxxiv.  324  ;  Jahresb.  1862,  p.  404. — Linnomann,  Ann.  Ch.  Pharm.  &v\^ 
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iii-  374)  — Thw  bod/,  iNjmoric  with  hexylen^lycol.  (CTr*)''H'0»,  U  prodoeed  I7UM 
kction  of  lodiaDi,  or  heUvr  of  fiodium-amolgam,  od  Bqveous  acetone : 
2C'H*0     +     H»       «       C-fl'*0». 

On  distilling  thfTf^iltinfr  alkaline  liquid,  whicb  tdsocontAine  inotritylic  ulcoYiol,  bjdnte 
of  pinnconc.  OH'*0*.GH»0.  ie  found  in  thebwt  portioDof  ihcdiiitillatr,  nud  crysrtalliK* 
on  cooling  the  liquid  to  a  low  tomperaturft,  Thw  hydratp  is  resolred  bv  further  dif- 
tilliition  into  watfr  and  pinaeone,  which  ar«  e»»i\y  wpumtt^l  b)-  CortionHl  dititillalioB. 
and  fzxjm  tlie  first  fraction,  passing  orer  between  ITO"^  nad  IBO*^,  the  pinjicono  may  be 
obtainpd  pare  by  rojx-iitcd  slow  di(<tillution.     (LiDDfinaDn.) 

Pioacone  cxi&tain  two  modifications,  one  liquid, the  othtTBuIid.  Liquid  pinaeone 
is  a  colourlesa  syrup  which  has  a  Bpecific  gravity  of  0*96  at  15°,  doc^  not  wlidiff  at 
0**,  boils  ot  176°— 177°  under  a  prwwure  of  0738  met. ;  is  soluble  in  water,  but  eoun 
nepurutes  from  the  solution  a^  a  crystalliBKl  hydrate  melting  nt  46-6'^.  If  pro(«ct«d 
from  moiuturf,  it  changes  gradually  but  ajiontftneoaiily  into  the  aolJd  modification. 

Solid  pinaeone,  when  freed  from  the  last  traces  of  the  liq^aid  modiflcadoo  by 
pressure  between  pitper,  and  purified  by  diHtilliitiun,  it*  a  snow -whit**,  fiuMy  cryBtallioe 
rouAH,  which  gradually  softens  and  melts  between  35°  and  38*^,  and  Itoils  at  171® — 172^ 
undfT  a  presaore  of  0*739  met,  giving  off  a  colonrless,  inodorouH,  thickisb  liquid  which 
roon  sulidiflefl.  It  dissolves  readily  in  cold  alcohol  and  nhrr,  sparingly  in  cold  rulphdM 
of  carbon^  and  cr^'stalUset  from  boiling  sulphide  of  carbon  in  small  needJea.  By  spoo- 
taoeoua  evaporation  of  an  alcoholic  or  ethereal  solntioo.  it  ia  obtained  aa  a  radio-cr7»> 
talline  maaa  made  up  of  small  needles.  It  is  aparingly  soluble  in  cold  McaUr^  eanly 
in  hot  water,  but  quickly  separates  from  the  solution  as  hydrated  pinaeone,  mffltiag 
at  46*6°.     (Linnemann.) 

Pinaeone  in  either  modiflcation  is  easily  recouTerted  into  acnone  by  tius  aetica  ol 
acid  chromaie  of  potOMUin  and  sulphuric  add.     (Linnemann.) 

Hydrated   pinaeone,  C*H'*0'.6H*0   (w^tarded   by  Fittig   and    by  St&daltt  m 

CH'*0.7H'0).     Obtained  b^  tho  direct  combination  of  piuacone  with  water,  or  in 

larger  quantity  by  the  action  of  sodium-amalgam  on  aqueous  aeolooe  {vt^.  Mff.V 

It  is  a  light   transparent  substance  usually  crystallising  ia   thin  four-sided  tableta 

(hence  the  name,  from  w/po^,  a  table),  but  sometimes,  according  to  Stadeler,  ia  long 

prismatic  erystala.     When  pure  it  is  perfectly  iuodoront*.    When  kfpt  in  do  e  Teaaeli 

it  volatitiAes,  and  sublimes  from  one  pari  of  the  vessel  to  an(>ther.  even  at  ordinaiy 

lempiTatures.      It  is  npariugly  sciluble  in  cold  water  and  rth^r,  futily  soluble  in  fl/-foi*>/, 

and  miiy  be  rfcry stall imsd  from  hot  water.     It  melts  at  466^  to  a  colonrlMs  liquij 

[  which  suIidifif>R  on  cooling.     It  is  resolved  by  diy  distillation  into  pinaeone  and  waljT, 

f  but  volalilisfsundecomposed  with  aqu<^usvaponr(Linnemann).    By  distillation  vith 

laiilphnric  orhydrocblaric  add,  or  byexponire  in  the  melted  state  to  the  action  of  dry 

■  chlorine,  it  is  converted  into  pinacolin.    iStSdeler.) 

Fittic  appears  to  have  obtained  two  otner  hydrates  of  pinaeone.  Til.  CH^O'.^E'O 
and  CUWH'O. 

Beaaoplna«one.  C?*H"0' (Linnemann,  Ann.  Ch.  Fharm.  cxz^iiii.  26).  This 
compound,  reluted  to  benzone  (phenyl-benzoyl,  p.  476)  in  the  same  manner  as  pinaeone 
to  acetone,  is  produced  by  the  action  of  sine  and  dilute  sulphoric  acid  on  benzooe: 

2C"H"'0  +  H»  -  C»H«0«. 
To  prepare  it,  1  pt.  of  an  alcoholic  solution  of  bonaeue  saturated  at  16°,  is  added  to 
6  pta.  of  a  mixture  of  1  pt.  oil  of  vitriol,  1  pt.  water  and  4  pts.  alcohol,  and  aa  much 
granulated  zinc  is  iidded  as  can  Ik*  just  covered  by  the  liquid.  On  leaving  the  mixtnre 
to  itself  for  a  few  d»yf*,  the  benzopinacone  is  graduuUy  deposited  as  a  cnii*t  on  the  liot', 
and  that  which  still  remains  diHSuIved  may  be  sepiimted  either  by  distilling  off  ilis 
alcohol  or  by  precipitating  with  water.  The  portion  attached  to  the  line  is  easily 
loosened  by  treating  the  inno  with  dilute  sulphuric  acid,  and  the  whole  may  then  l« 
separated  by  levigation,  aud  purifif  J  by  repeated  crystallisatioD  from  boQiug  aloaboL 

Benzopinncone  crTstalliscs  in  microscopic,  transparent,  well-defined  prisou, sparingly 
soluble  in  boiling  ahohol,  e:i«ily  in  rth^,  chloroform  and  ntlphidf  of  carhon.  It  melts 
between  170°  and  180°,  without  solidifying  again.  By  foaion  and  distfUatioo  it  ia 
converted  into  an  isomeric  modification. 

Benzopinacone  ia  intermediate  in  composition  between  bonzone  aud  beziahydnd 
(p.  478),  and  ia  converted  into  the  former  by  oxidation  with  dilute  chronuc  acid  : 

C*H"0«     +     O       -       2C>"H"0     +     H^O ; 
and  into  the  lattrr  by  the  action  ai  aodium^amafgam  on  its  alcoholic  aolation ; 
C»H=«0'     +     IP       ^       2C"H'K). 
fienzopinafione  boiled  with  excess  otckloridt  **f  bcncoj^f,  giroi  off  hydrochloric  ad^ 
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Afid  is  converted,  bj  abstraction  of  1  at.  water,  into  a  substance  having  the  comportition 
CH^H),  and  i%lat«d  to  benzopinacone  in  the  same  manner  aa  pinacoUn  (p.  647)  to 
pinacone.  B;  treating  the  product  with  strong  aqueous  potash,  exhausting  tbe  residual 
|K>vder  with  ether,  and  recrystallising  from  boiling  benzene,  the  compound  C^'H'H)  is 
obtained  as  a  white  indistinctly  cryhtalline  powder,  soluble  in  boiling  alcohol,  ether  and 
benzene,  and  melting  at  182°.  It  differs  ftom  benzhydrelic  ether  (p.  478)  by  only  2  at. 
hydrogen ;  nevertheless  it  is  not  converted  into  that  body  by  treatment  with  sodium- 
ftmalgam. 

I80 benzopinacone. — Benzopinacone  is  converted  by  fusion  or  distillation  into  a 
liquid  which  has  the  same  composition,  but  does  not  solidify  even  at  —16°.  This 
modification  of  benzopinacone  is  a  syrupy,  strongly  refracting  liquid,  which  boils  with- 
out decomposition  at  297*5°  under  a  pressure  of  0733  met.,  and  has  a  specific  gravity  of 
1*10  at  19°.  By  transmitting  a  cone  of  light  through  it  in  a  darkened  space,  a  blue 
fluorescence  is  produced.  It  dissolves  easily  in  cold  alcohol,  ether  and  benzene.  With 
chloride  of  benzoyl,  it  gives  off  hydrochloric  acid,  but  forms  a  fluid,  not  a  solid  product. 

Solid  Isooenzopinacone. — When  the  liquid  modification  just  described  is  left  to 
itself  for  some  months,  it  solidifies  gradually  but  completely,  forming  a  substance  which 
dissolves  easily  in  cold  alcohol,  ether  and  benzene,  and  melts  at  31°,  whereas  the 
melting-point  of  ordinary  benzopinacone  is  between  170°  and  180°.  It  is  converted 
with  extraordinary  facility  into  the  fluid  modification,  remaining  in  the  liquid  form 
when  its  solutions  are  left  to  evaporate,  and  undergoing  complete  liquefaction  when  an 
attempt  is  made  to  pulverise  it. 

Botn  the  liquid  and  the  solid  modification  of  isobenzopinaoone,  when  treated  with 
sodium -amalgam,  are  converted,  like  benzopinacone  itself,  into  benzhydrol. 

VnrCBBECX.  An  alloy  of  copper  and  zinc,  usually  containing  about  9  pts. 
copper  to  1  pt.  zinc.     (See  Copper,  Allots  of,  ii.  49.) 

VZra-OXI«  or  Fir-oil.  These  names  are  applied  to  certain  oils  resembling  oil  of 
turpentine,  obtained  in  various  ways  from  pine  and  fir-trees.  An  oil  of  this  kind  is 
extracted  in  the  Black  Forest  from  the  seeds  of  Pin  us  pier  a  and  Pinus  abies.  It  is 
limpid,  of  golden-yellow  colour,  veiy  mobile,  dries  rapidly,  and  does  not  solidify  till 
cooled  to  about  —30°.  It  is  used  in  the  preparation  of  colours  and  varnishes 
(Gerhardt*8  TraiU,  ii  901),  A  similar  oil,  formerly  used  in  medicine,  is  prepared 
by  distilling  the  young  branches  and  needles  of  the  dwarf  pine  {Pinus  Pumilio)  with 
water.  It  is  mobile,  has  a  faint  yellowish  colour  and  agreeable  balsamic  odour ;  a 
specific  gravity  of  0*893  at  17° ;  and  boils  at  132°  By  rectification  with  water  and 
dehydration  over  chloride  of  calcium,  it  is  obtained  colourless.  Hydrate  of  potassium 
immersed  in  it  becomes  covered  with  a  brown  resinous  substance.  By  repeated  treat' 
ment  with  potassium  and  rectification  in  a  stream  of  carbonic  anhydride,  it  yields  a 
hydrocarbon,  C'*H",  less  fragrant  than  the  original  oil,  having  a  specific  gravity  of 
0876  at  17°,  boiling  at  161°.  This  hydrocarbon  is  Isvo-rotatory,  a  stratum  26  c m. 
thick  turning  the  plane  of  polarisation  18°  to  the  left.  It  absorbs  hydrochloric  acid 
gas,  forming  a  yellow  liquid  compound  C'"H'».HC1,  of  specific  gravity  0*982  at  17°,  and 
Knelling  somewhat  like  oil  of  thyme.    (Mikolasch,  Jahresb.  1860,  p.  478.) 

The  following  are  the  quantities  of  oil  extracted  by  sulphide  of  carbon  from  the  seeds 
of  various  species  of  Pimia  (dried  at  100^).  Tbe  shelled  seeds  of  Pinus  aylveatria  yield 
from  20-3  to  23-4  per  cent,  oil ;  of  P.  Pieea,  7'8  ;  unshelled  seeds  of  P.  Cembra,  29*2 ; 
shelled  seeds  of  the  same,  36*5;  unshelled  seeds  of  P.  Strobus,  29*8 ;  of  P.  AbifB^  206 ; 
of  P.Larix,  17*8;  of  P.  Pumilio,  17fi;  of  P.  canadensis,  11*4— 129;  of  P.mariUma^ 
S2*5 — 25-0.  All  the  seeds  examined  were  several  years  old.  (Wagner,  BingL  poL 
J.  dx.  466;  J&hresb.  1860,  p.  714.) 

^JMM'MTJBVKB.  a.  Resins  of  Turpentine. — Turpentine,  the  resinous  juice  which 
exudes  spontaneously,  or  from  incisions  in  the  stems  of  firs,  pines,  and  other  coniferous 
trees,  is  a  mixture  of  a  volatile  oil  (C**H'*)  with  a  resin  called  colophony,  C^H^O* 
(L  1087),  probably  formed  by  oxidation  of  the  volatile  oil: 

2C"'H'«  +  0"  -  C»H"0*  +  H'O. 
This  resin  is  chiefly  a  mixture  of  two  isomeric  acids,  namely,  sylvic  acid,  which  is 
crystalline,  and  p  i  n  i  c  a  c  i  d,  which  is  amorphous.  The  turpentine  which  exudes  during 
the  winter  months  from  incisions  made  towards  the  end  of  autumn,  solidifies  round  tbe 
edges  of  the  incisions  in  opaque  yellowish-white  crusts,  called  gallipot,  consisting  of 
&  mixture  of  essential  oil  of  turpentine  with  another  crystalline  resinous  acid,  called 
pimaric  acid  (p.  644),  likewise  having  the  composition  C"!!*©'.  (See  these  several 
■ctds ;  also  Tubpkwtinb.) 

fl.  Resins  of  Pinus  sylvestris. — ^The  needles  of  the  Scotch  fir  contain  several 
resinous  matters,  which  have  been  examined byKawalier  (Wien.  Akad.  Ber.  xi  844 
xiii  326). 
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1.  Kitiovous  acid,  C"H"0»  [?].— To  obtain  thia  acid,  the  iHy»dlM  ar*  col 
boiled  with  oloohol  of  40** ;  the  kIcoHoIic  decoction  is  distilled  in  th&  wsl€V>bKt&,  th« 
grvat«>r  j>an  of  the  volatile  oil  tti«n  piuaing  over  with  the  alcohol ;  and  the  distilUts  is 
mixfd  wiiti  irater.  It  is  thereby  sepHratcS  into  a  dark  green  resinous  maas  ooDtaiainf 
ceropie  acid  (i  836),  kiuovous  acid,  a  small  qaantitj  of  volatile  oil.  and  a  Uiriid 
vatvr)'  liquid  in  which  pinipicrin,  sngar,  truck's  of  citric  ucid,  oxvpinitaiinic  acid,  aivj 
pinitunnic  acid  renmin  dissolved  The  ueeilles  cxhiiu«tod  with  alcohtil  still  ecmtsin  s 
littlt'  pinipicrin  und  jflly.  TJio  nwnouR  mHMt  is  diaNolrcd  in  alcohol  of  40°;  aa  aleo' 
holic  solution  of  Dfutrtil  acetulo  of  lead  is  added,  which  throws  down  imp'ors  ocn^wU 
ofle^id;  sulphydric  acid  pas  is  pHMrd  into  iht>  flltrste ;  and  the  precipitated  nuatate 
of  clloropbyll  and  sulphide  uf  lead  is  separated  bj  filtration.  The  now  yellow  filtrate 
depoHitM,  aA«r  the  aloohul  bas  be4*n  distillod  off^  a  semi-fiuid  r«Hin,  which  diaaolTts  in 
T«ry  dilute  potjuth-lejr.  to  a  light  browa  liquid,  Irom  which  the  rtgint  toaj  br  predfii- 

I  tated.  in  combinutiun  with  lime*,  by  chloride  of  calcium.  These  rcsios  are  filtrrvd  <vff 
and  washed  with  water,  and  the  filtmte  and  wash-water  are  precipitate  with  a  eligbt 
excess  of  hydrochloric  acid,  whereby  faintly  yt-Uow  flocka  of  kinuvoua  ucid  arr  prrciu- 
tat«d,  to  be  purified  by  redis^jlving  tiu*m  in  dilate  potash,  treating  the  solution  wiih 
animal  charcoal,  and  priripitatinjj;  tlie  filtrate  with  hydrochloric  acid. 

KinoTooB  acid  is  a  white,  or  slightly  yellow  brittle  masN,  yielding  a  stiDngly  «leetne 
powder.  Its  solution  in  lime-water  yi»'lds,  with  nitrate  uf  ^ilvej,  a  (precipitate  hariag, 
according  to  Kawalier,  tbe  compositiou  '2G'*H'»0'.fiAg'0.H-0. 

2.  Binin,  C'*H^O'. — The  compound  of  resin  and  lime,  precipitate  by  chtondeoC 
fulciuni  in  the  preparation  of  kiuorouA  acid,  disaolTes  almost  complftely  in  etbc'r ;  Sfid 
if  the  MjLurioD  b«  evaporated,  the  residue  di^estod  in  alcohol  of  40^,  the  solution  a^nn 
vrapcirated,  and  the  residue  treatJHl  with  dilute  hTdrochloric  add,  chloride  of  Cilaom 
ditMiolves,  and  a  brownish-yellow  nrsin  is  lofl,  having  the  composition  jut$t  nientiuocd. 
*^^*hcn  distilled  with  hydrate  of  ciddum,  it  yields  two  oils  containing  reepectiroly 
C"*H"0,  and  C^H"*^.  both  of  which,  when  twice  di»tiIlod  over  pho*rpboric  atihydride, 
are  oonvsrted  into  an  oily  hydpocarbou.  C'*H".  The  rrsin  dropt  in  the  ftmed  staU 
upon  soda-limo  heated  to  220°,  splitn  up  into  oily  pnKluclji  cuiitj->aratively  rich  aad 
CumparatiTi^y  poor  in  oxygen  (Kawalier).    See  Gmriin's  Handbook^  xt.  33. 

PZVinr  TAXZiOTir  or  Malahar  tallow.  A  fiit  obtained  by  boiling  tho  fruit  of 
Valeria  indica,  a  tiliaceoas  tree  indigenous  in  Malabar.  It  is  s  whiti«h -yellow,  waxy 
maas,  having  a  fuiiit  agreeable  odoor.  a  density  of  U  9625,  melting  at  37'5°,  aligfatly 
soluble  in  cold  alt*uhuL  According  to  Marcet  and  Babiugton,  it  contains  77*0  per  osL 
carbon,  12*3  hydrogen  and  10*7  oxygen.     (Giiulin^a  Handbook,  xvi.  400.) 

PnrOUTTB.  A  mineral  from  Wolkcnstein  in  Saxony,  resembling  dilompa] 
(i.  021 X  but  haring  s  greany  feel  and  speciflc  gravity  7.% — 2'36.  Contains,  aceording 
toKersten  (Schw.  J.  Ivi.  9\  36-00  silica,  1*80  alumina,  2d'60  ferric  oxide.  »1(» 
ferrous  oxide,  0'4  manganooa  oxide,  0-46  magneBia  and  2511   water,  which  may  bs 

represented  approiiniately  by  the  formula  (2Fe'X).3Si0').4(fe-"OV2SiO»).30H>O. 

Grnmenite  &um  Meugenberp  in  the  Siebengebirge,  has  nearly  tho  same  compovitioo, 
vix.  as  39  per  cent.  SiO>.  6-87  AlK)",  2i-46  Fe'0«,  0  56  CaO,  0  67  MnO,  075  MgO 
and  23-36  water.     (Bergrmann.) 

PZVIC  ACZS.     C*H"0'.     Amorphous  retin  of  cotifphcny,  Atpha-rfmn  of  ttaynt' 

iinf,  (Berzelius.) — This  acid,  isomeric  with  sylvic  and  with  pimaric  acid,  con*titiif«i 
the  principal  portion  of  colophony  and  appears  to  be  identical  with  amorphous  pim&ric 
acid  (p.  644).  To  extract  it  Jrum  coloph(>ny,  that  substance  is  treated  with  cold  ulrofaol 
of  72^  wliich  diHsolves  it  in  prffcrenee  to  the  crystallisable  eylric  ncid.  The  liquid 
precipitated  by  an  alcoholic  solution  of  cupric  acetate,  yislda  a  salt  whence  the  pime 
acid  may  be  sepapated  by  means  of  any  mineral  acid. 

Pinic  acid  if<  an  amorphous  resin,  exactly  like  colophony,  insoluble  in  water.but  feoluble 
in  alcohol,  ether,  and  oils.  b(ith  fixed  and  volatile.  It  melts  when  heated,  end  decom- 
poees  at  a  higher  temperattire.  With  the  aid  of  heat  it  decttroposes  carbonate*,  nod 
aepanitefl  the  fatty  acids  from  the  alcoholic  solutions  of  their  aoapa.  (U  nrerdorbea, 
Pogg.  Ann.  xi.  27.) 

VZSrzcOftSBTXV.     C'*H>"0»[?],     (Kawalier.  Wicn.  Akad.  Eer.  xi.  359.)— A 

substance  oiTurrinj:  in  the  bark  of  tlie  Scotch  fir  (PinHS  sy/ivWri.').  The  bark  ik  ths 
upp'r  parts  of  the  alem,  after  being  freed  fn>m  the  outer  nnd,  is  cut  in  pieces,  and 
boiled  with  alcohol  of  40  per  cent.  ;  the  ceropie  atMd  which  8ep.ira»ei«  from  thedt-coctiou 
on  iy>olin^  is  sepamtod  by  filtmtion  ;  the  tivaterjwut  of  the  ah^hol  is  evajwratcd  ;  the 
residual  liquid  i8  mixed  with  water:  and  the  turbid  solution  is  treuited  with  neutral 
acetate  of  Irad,  whereby  pinicortannic  ucid  and  pinicorrutin  are  precipitated,  while  cor- 
Lepinitonoic  acid  (ti  85]  and  sugar  rcoiain  in  solution.     The  washed  lead- precipitate, 
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dtgnted  with  t^tj  dilute  acetic  acid,  ftepnmtes  into  pinicortannic  acid  (fn/ra\  which 
dissolres  (iind  ma^  be  obtained  by  precif)itatinEj  with  basic  acwtAteof  lea*!,  decomptviiDg 
the  prpcipitatn  vith  sulphjdric  acid,  and  evuponiting  the  filtrate  oat  of  contact  with 
air),  aud  a  dnrk -coloured  glutinous  residno,  soluble  in  strong  alcohol.  On  treatiog  the 
•olnlioD  with  Kulphydnc  acid,  and  evupornting  the  filtered  liquid,  piuicumtiu  rooiaiiifl 
behind,  and  may  bf  purified  by  solntion  in  alcohol. 

Pinicorrctin  is  a  black-bruwn  glatinona  maM,  v«ry  slightly  solable  in  ammonia.  Tha 
anmoniacal  solution  yields,  with  chloride  of  barium,  rcid-brown  flocLa  containing 
4Ba"0.3C«H**0». 

rZJriCOSTAVJTZC  ACro.  C"H"0«'[?].  (Kawalicr,  Wien.  Akad.  Bcr  xi. 
360.) — An  acid  0,'riirnnf;  in  iHp  bark  of  Ptnua  #v^tvi/W«.  and  obtaioMi.  a*  aborf>,  in 
the  preparation  of  ptuicorrfiin.  It  is  also  pruduccd  whe^  the  solution  of  cortepinitnanie 
acid(ii.  86)  is  evaporated  in  euutact  with  air.  It  is  a  red-bpjwn  powder,  couvertcd  by 
boiling  with  water  containing  hydrochloric  acid,  into  a  bright  rtJd  powder  containiDg 
8C**H'0'*  H*0.     Its  aqueous  solution  colours  ferric  chloride  green. 

VZVZVZOUJr.  CnH"0'i.  (Kawalier,  Wien.  Akad.  Ber.  ».  350.  xiii.  516.)— A 
bitter  subtfLanct!  occurring  in  the  needles,  inner  bark  and  outtT  bark  of  the  Scutch  fir 
{Pinut  si/Uffttru),  and  in  the  green  ports  of  Thujn  ocad'vCa/u. 

Prrparation. — The  Cf^mminuled  needles  of  the  Scotch  fir  (or  branches  of  Thiya)  are 
exhausted  with  alcohol  of  40^  ;  the  alcohol  is  diHtilleil  off  from  the  drs  oction  ;  and  the 
residue  is  mixed  with  water,  which  separates  a  green  mass  of  resin  (serring  for  the  pre- 
paration of  kinorouB  acid,  p.  640 ).  while  the  BUpemataot  turbid  liquid  retains  in  solution 
pinipierin,  fiugar,  traces  of  citric  acid,  ox^pinitannic  acid,  and  piuitanoic  acid.  This 
liquid  is  mixed  with  a  few  drops  of  neutral  acetate  of  leail,  which  reuderv  it  (iltmble ; 
the  filtrate  is  mixed  with  excess  of  that  reagent,  which  throwe  down  oxypinitunnate  of 
lead;  then,  after  another  filtration,  pinitaunule  of  lead  is  precipitated  by  the  basie 
acetate;  this  is  alao  separated  by  filtratiou  after  the  liquid  has  cooled ;  and  the  filtrate 
ifl  aaturated  with  sulphydric  acid.  The  liquid,  freed  from  sulphide  of  leatland  evapo- 
rated in  a  stTt'.am  of  carbonic  acid,  leaves  a  residue  of  the  consistence  of  an  extru(.*t^ 
fr^im  which  aubydToiia  ether-alcohol  extracts  the  pinipierin  and  leaves  the  sugar,  A 
small  quantity  of  foreign  matter  is  precipitated  from  the  solution  by  basic  acetate 
of  lead  ;  the  filtrate  is  treated  with  sufphyaric  acid:  the  sulphide  of  lead  ii  removed, 
and  the  liquid  evaporat^HL  By  repeatedly  dis«>lving  the  residue  left  after  the  ether- 
alcohol  hrufbeen  distilled  off,  in  fresh  quantities  of  anhydrous  alcohol  containing  ether, 
aa  lon^  aa  any  insoluble  matter  Is  left,  and  evaporating  the  solution,  pinipierin  is  at 
letLgth  obtained,  still,  however,  contaminated  with  acetic  acid,  which  adheres  to  it  ob- 
stinately, but  may  be  removed  by  agitation  with  a  little  pure  ether  (which,  however,  at 
the  aune  time,  rrmoves  a  little  pinipierin).  The  needles,  alter  exhaustion  withalooboL 
still  retain  a  little  pinipierin^  which  may  b*  obtained  from  the  aqueotis  decoction  in  the 
same  miinner  as  from  the  alcoholic. 

PrctptTtita. — Pinipierin  is  a  bright  yellow  powder,  which  softens  at  ^6°,  beoomes 
Tiscid  at  80°,  transparent  and  mobUe  at  100°.  and  sohdifies  on  cooling  to  a  brownish- 
yellow,  brittle,  friable  mass.  It  is  hygn>scopic  and  has  a  strong  bitter  taste.  It  is 
Tery  Aulnhlo  in  water,  dissolvea  also  in  alcohoi,  etker-aUohoi,  and  aqutow  ether,  but  not 
in  pure  ether. 

Pinipierin  swells  up  strongly  when  heated  on  platinam-foil,  and  leaves  a  difficultly 
combustible  eharcoaU  The  aqurous  solution,  when  heated,  instantly  g;iveA  off  the 
odour  of  ericiuol  (ii.  499),  and  is  completely  resolved  into  this  substaUl^e  and  glucose: 

C"H"0'*     +     2H»0         =         2C^"0*     +     C'*H'H). 

In  contact  with  rmtthin,  it  emits  an  odour  of  volatile  oil,  but  the  action  aoon  ceaaea. 
(Kawttlier,  Wien.  Akad.  Ber.  xii,  649.) 

PZnTTAWZC  ACXD.  C'*H"0'[?1.  (Kawalier,  Wien.  Akad.  Ber.  xi.  357; 
xxix.  19.)— This  fioid  occurs,  together  with  thujin  and  thujigeuin,  in  the  green  parts 
of  the  common  Arbor  vita  (Thuja  occidm(aiu\  and  is  precipitated,  partjy  from  the 
aquenuB  eitmct,  toeether  with  thujin,  by  neutral  acetate  of  lead,  ^wrtly,  together  with 
thujigonin,  on  flub^H-quent  addition  of  basic  lead -acetate,-  remaining  io  solution  when 
tbefie  preeipitat'^N  are  ilecomposed  by  sulphvdric  acid,  and  the  thujin  and  tbujiKenin 
hare  c^ybtalli^ed  out.  The  mother-liquorB  are  then  evaporated  to  dryneeF;  the  pinitajinic 
acid  extracted  by  anhydrous  ether-alcohol ;  the  filtrate  quickly  evaporated  to  diyneea 
over  the  water-bath  ;  and  the  remaining  acid  dried  in  a  vacoom  over  oil  of  ritrioL 

Pinitnnnic  acid  occurs  also,  together  with  oXTpinitanmc  acid  (p.  319)  and  janipiciiBi, 
in  the  needles  of  old  Scotch  fir- trees,  and  is  obtained  as  a  lead-salt  in  the  prepisrarion 
of  pinipierin  {vid.  sup.),  by  precipitation  witb  basic  acetate  of  lead,  after  the  uxypiai- 
tannic  acid  has  been  precipitatea  by  the  neutral  acetate.     The  vmsfaed  precipitate  is 
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df composed  by  sulphydHe  acid,  and  the  liqnid  in  h<^tf>d  with  the  sulphide  of  lead,tbfll 
fiUtfre<lf  and  tfVApurutfd  to  dryneaa  in  a  Htr<iLm  of  cArbuuie  &nhrdrid(>. 

Pinitanntc  acid  i«  a  yellow-red,  or  if  pn-pared  from  Thiya,  a  bruwHiab-jeJIowpowdtr, 
hariDg  a  fllietitly  bitter  aslringont  tnste,  becoming  Aoft  and  platiooos  at  liHi°.  It  di»* 
■oIt<'[i  rt-adily  in  icattr,  aJcohol,  and  rthrr ;  dnen  not  precipitate  BLtlntion  of  wUtin. 
The  aqueous  sidution  coXoun /rrric  cfJoridr  djirk  bruwn-red,  fonne  ji'llow  pivcipiutM 
with  nmtral  rkm\  fxtgtc  acrtate  of  lend,  and  prtK'ipfiutos  cuprxe  vuIphaV  aud»Kt*-r-niJm/r, 
thp  littter  on  addition  of  utrmohio.  Whi-'n  boili-d  with  a  fiinull  qmintity  of  etanmiM 
thloridr^  it  imparta  a  p«TmuneDt  yellow  dyo  to  wooUen  atuffit  mordanted  with  alum  oi 
tin -salt. 

yxvzxs.  OH«0r  (Berthelot,  Ann.  Ch.  Phy».  [3]  xlvi.  76  ;  Chim.  org.  ii, 
213.— Johnson,  .SiU.  Am.  J.  [ij  xxii.  6;  Gm.  xv.  212.)— A  saccharine  eubftaikot 
iiContained  in  the  mp  uf  the  Pimm  Lambcrtiana  of  California.  It  is  depuitiled  from  tbi 
inqaooos  extnict  uf  the  crude  hardened  juico,  in  hard  white  radio-cry staJline  nodoU* 
<a  ipeciflc  t^ruvily  1*52 ;  ub  ttwii't  as  sugar-ciindy,  very  soluble  in  wairr,  nearly  lueolol'li 
ia  wbaoiute  atiohol.  It  iii  dextro-rotatory,  not  tVrnientuble  nod  doea  not  redaceaolotioo 
ct potasAia-cujtriv  tartniti;  PTi»n  nfter  treiitmeni  with  snlphnricacid.  It  is  de«»mpos(J 
by  hot  Httric  acid,  wilh  formation  of  nitro-otnipounds  and  a  aiutill  quunlity  of  oxatie 
aeid.  With  an  animoniaoul  »olution  of  had'ticitntr,  it  funus  a  pi^nripitate  eontuinisf 
CH'^O'/irb'O.  With  acids  it  fumitt  ethi^ra  analugoua  to  the  mannilAnHlea  and 
duh'itanidea :  tliu»  with  bcvtvic  and  it  fonnv  dibeoKOpinite,  C-*II*0*  •=  OH'-O* 
+  2C'Hnj"  -  211'0.  and  tetrubenzopini  teC»'H'^U"  -  C'H' O"  +  4(rH«0' - 
2U'U;  and  analogous  compounds  with  nUaric  acid.  All  these  compoanda  are  ncutnl 
With  ^irMno  aokf.it  forms  pinitartaric  acid,  C«U'*a»*  -  C*H"0»  +  6C*H*0»- 

eH»0,  which  yields  caJoium-saJt  oontvtining  C»H"Ctt*O".6H'0. 

PXVXTB  is  alMu  the  nam^  of  a  mineral  formed  from  dichroTte  (ii.  320)  by  tba 
actiua  of  allcalinp  waters.  It  orcurs  in  six-  or  twcWo-sided  pribnu,  with  dearift* 
often  indi?(tinct,  aometimefl  ItfiHal ;  colour  wey  to  grt-yij^h-prefn  or  browD.  UardsnB 
*=  2-3.  Like  othtr  rainfrals  formed  by  aeeomixjsitiun  of  diclmnt«,  it  is  uot  pertMtly 
deBuite  in  comjujsition,  but  exhibita  variooa  atuges  of  transition  betwean  dichnnte  and 
mica. 

Analt/ges :  a.  From  near  Sehneeberg  in  Saxony :  blue-green  masa  covered  wilh  a 
micacpoua  crust  (which  was  removDd  as  completely  as  possible  previunsly  to  Iht 
anolyaift)  (RaronicUberg.  MtneraU'heme^  p.  836}. — h.  From  Penig  in  8azony. 
eimil&r  tu  tlie  prece<lin^,  but  with  a  red  crust  rich  in  ferric  oxidn  (Rkinmelaberg). 
r.  From  Stolpen  in  i^xxony :  so  called  priamtttic  mica;  red  (Massalin,  TroinauiL 
N.  J.  iv.  2,  324). — d.  From  Saxony;  t*peoific  gravity  —  275  (Marignac.  Bibl.  unif. 
1847,  iv.  157).—*.  Fr^m  Auvwgnc;  a.  C.  Gmelin  (Knatn.  Arch.  i.  226);  fi.  Frum 
St.  Pardoux  (Rammolsbrrg) ;  y.  Specific  gravity  *  27*  (Marignac).— /.  Fium 
Mont  Br<*ren  in  the  valley  of  Chomounix ;  speciBc  gravity  «  2*84  (MarignaeX— 
g.  From  Diana,  Now  Yurk:  grenn  six-sided  prisms  of  specific  g^arity  276;  deoou- 
posible  by  acida  (Brush,  J.  pr.  Chem.  Ixxt.  463). 
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VnrZTOXO.     This  name  in  applied  to  certain  minerals  more  or  leas  (vaembUng 

pinlt*-  iu  coinjMwirion  ami  physical  characters. — a.  Gn-yish -green  or  greenish- white 
nodules  of  crywtullo-granular  ptpuclur**,  specific  gravity  2  78f^B,  and  hardneas about  2  6. 
occurring  in  the  felmto-tutu  of  the  /eisigwald  ne»r  Chetnnifz  (A.  Knop,  Jahreeb.  1S69. 
p.  794). — 6.  Pscudomorphs  aft^r  felspar  occurring  in  decoropt**^!  porphyry,  fnrni  the 
i\litzschm&ble  near  Oberwiesa  (after  separation  of  the  feUpar-aand  by  levigaiioo) 
(Knop). — c.  A  fine-splint^'ry  decompoflifion-produet  of  oligodase  (hurdnrss  =  2  6), 
iml>eddod  in  th«  porphyritic  granite  of  SoKbiichwaliloD  in  the  northern  part  of  the 
Black  Foivpt  (F.  Saudbergor,  Jahresb.  1861,  p.  1008). — rf.  A  mineral  forming  the 
substance  of  vegotablo  petrifactions  in  the  phyllit**  of  Pftit-Cujur  in  the  Tarvotaise, 
Savoy  (Terreil,  Jahresb.  1861.  p.  1008). — e.  A  light  gn-^n  or  whit*  substases  of  iha 
consistence  of  kaolin,  occurring  in  clefts  nf  h  slut«  imbeddinl  in  the  spiriferous  sand- 
stone of  Eoiif  in  Naabau  (E.  Her^ot,  Jahresb.  1862,  p.  822); 
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FZJTOlLXir.  A  volatile  oil  produced  hy  the  dislilbitioD  of  Americaa  pine-min,  and 
UAed  uH  AD  illuminating  matmal. 

9TmB»  The  Stone  Fine  (Pinus  Picea)  groiring  in  the  south  of  Europe,  jieldl 
lar^  obloDg  oleaginous  se^  {allied,  pipnoiuhj  the  French)  which  ire  osra  aa  food ; 
their  nutrittTo  power  in  the  dry  stnte  ia  about  equal  to  tb»t  of  walnuts:  but  in  the 
freah  state  l)ie^-  an-  more  nutritive  than  &rith  w&lnuto.  Atx'ording  to  Payen  (Bull. 
8oc.  Chim.  1866.  i.  236),  they  contain  6-71  per  cent.  wateT.  42-60  ht  oil,  3U  45  nitro- 
gvooo*  matter  (nitrugen  6'41),  0*60  celluIoM>,  and  tracea  of  atareh,  and  414  inorgaiuo 
matter.     The  seeils  fx.hnust4:-d  of  oil  yif^ld  11 '87  per  cmt.  oitrugen  and  004  ash. 

The  ash  of  Pinus  Mu^hns  Kud  P.  Pumilio,  Aud  the  soils  on  which  they  grow,  have  been 
analy(«ed  by  H.  S.  Jobaon  (Ann.  Ch.  Pharm.  xcv.  226 ;  Jahresb.  18A6,  p.  709);  the 
Litter  also  by  Wittstein  (Jahreab.  1862,  p.  611);  the  ash  of  Piuug  aylwutris  by 
Heyerand  Vonhansen  (Ana  Ch.  Pharm.  Ixxxii.  180;  Jahreab.  1662,  p.  708). 

Inspecting  the  oilH  obtaimHl  from  various  kinda  of  pine«  fw  pag^  6J8.  For  the 
TArioua  resins  and  other  substances  obtained  from  the  bark  and  npedloa  of  Pivus 
*f/iofiri9,  aee  KawaJier  (Wien.  Akad.  Bor.  li.  344;  Ann.  Ch.  Pharm.  btixviii.  3t>0 ; 
jahresb.  1863,  p.  570  ;  G-mtlin's  /JandbooA;  xv.  33,  487  ;  xvi.  20);  alw  the  artirle* 
Ckropic  Acin,  CoHTKPixiTAKBnc  Acin,  Ebjciicol,  Kiwotodb  Acm,  OiYPiirrrAWifio 
Acid,  Phlobafhe.hr,  PrKS-aasiNS.  Pinicorrutlv,  Pixicoutaksiic  Acm.  Pixipickix, 
PtNrrANNic  Acid,  TAjfNBcoRTiPiyic  Aciu,  and  Takstopio  Acid,  in  this  Dictionary. 

PXOTZC  ACZ]>.     Syo.  with  MBTAMABOAaic  Acid  (iii.  970). 

PSOTOirS  &CZS.     Syn.  with  HTDBOMAROABtric  Acid  (iii.  206). 

VZPB&.  lilack  pepper  (Piper  nitjrum)  yields  n  volatile  oil,  having  the  compoaition 
«f  tnrpontine-oil,  and  boiling  ut  167o'^.  Specific  (rravity  of  the  oil  —  0864  ;  of  th« 
Tl^)OU^  B  4-73.  The  oil  absorbs  n  large  quantity  of  hydrcx-hloric  acid,  without  farming 
acmtalline  compound.     (Soubeiran  and  Capitnine,  J.  Phann.  1840,  p.  66.) 

Toe  root  of  Pijtrr  meihysticum,  or  Kawa,  has  been  already  described  under  the 
latter  name  (iii.  445). 

PSPS3UC  ACID.  CTl"*'!".  (Von  Babo  and  Keller,  DintertaHtm 
C.  Ke/lrr,  Freiberg,  1856,  p.  16.— fttreckfr,  Ann.  Ch.  Pimrm.  cr.  317;  otviiu 
280.— G.  C.  Foster,  Chem.  80c.  Qu.  J.  iv.  17. — Gm.  xv.  7-)— An  acid  produced, 
together  with  piperidine,  by  Iviiling  pipcrine  with  pntnah  : 

C"H'»NO»  +   H*a     =     C"IT'«0*  +   C»H"H. 
Plptrlnc.  Piperlc  Plp»n- 

■ci4.  dtne. 

Prfparatiofi. — 1  part  of  piperine  is  boiled  with  3  pta.  of  potnasium-bydnite  and  15 
to  20  pta.  absolute  alc'ohol,  tlie  liquid  which  distils  over  being  continually  pouriKl 
back  and  the  process  continued  for  twelve  hours,  or  till  a  samiile  of  lbi»  mixture  taken 
out  of  the  retort  is  no  longer  precipitated  by  water  (V.  Babo  and  Keller);  or  better, 
equal  weights  of  pip^rine  and  potassium -hydnite,  with  as  much  strong  alcohol  a« 
is  required  to  disanlvH  laoth,  are  heatfid  for  four  or  five  hours  to  100*^  in  a  oltiiiiKi 
veeael  (Foster).  Th*?  crj-stiiUsne  pbitf^s  of  pctiunnic  [lipernto  which^ure  thereby  pr«>- 
duced  in  abundance,  are  »tpa rated  from  the  brown  nioihfr-lioaor,  puriflod  by  repeatM 
crystaliiwition  from  a  i«mall  quantity  of  boiling  water,  with  help  of  animal  chanxtnl ; 
then  dis-iolved  in  water  and  d**compO!<ed  bv  dilute  hydrochloric  acid ;  and  the  acid, 
which  separates  as  a  ji^Hy,  Is  collfoted,  washed,  and  puriflitl  by  r<:p«»ated  crystal lia#iti«iii 
from  alcohol.  Another  method  iit  to  neutrah!«e  the  aqu«>us  aolution  of  the  impure 
potassium-fialt  with  acptic  acid,  mix  it  with  a  small  quantity  of  aiilution  of  acftate  of 
lead,  Beparal*-  the  lead  dissolved  in  the  filt*^red  liquid  by  Bulnhydnc  Hcid,  filter  again, 
and  evaporate  to  the  crystallising  pftint.     (V.  Babo  and  Keller.) 

Proprrtirji. — Hperie  arid  forms  yellowish  capillary  netslles:  in  th»  moist  ft  ate,  * 
sulpbur-vellow  jelly  which  shrinks  on  drying.  Mdts  at  160*^,  sublimfa  at  about  200°, 
p:utly  unaltered,  emitttnir  an  oilour  of  coumnrin,  and  leaving  a  brvwn  funod  rraidui*. 
Ita reaction  is  Mrarcely  scid  (V.  Bubo  and  Keller).  It  is  nearlv  insoluble  in  wutrt: 
diasolves  in  270  pta.  of  cold  absolute  altu>hof,  »nm\y  in  the  aamn  fiquid  at  tlir«  Unling 
heat;  sparingly  in  €thtr,  ecarcely  at  all  in  mJfkiii*  t^fcitrKm  or  roci'-i>*i ;  eunirwhat  moro 
easily  in  benzene. 

J)teompoeiti(m». — 1.  Piperic  add  bunu  when  h«at«d  in  contact  with  the  air«  emitting 
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*n  odour  of  anise,  and  Iwring  a  difflctiltly  combustible  charroal, — 2.  ^*dwni<  t 
(nodiam-amiilgara)  converts  it  into  hj-iiro-pipcric  idd  (p.  654)  (Foster). — t. 
fiVrfo/  colours  it  blood-n?d,  and  then  ohn-w  it — 4.  When  tpeiLt«Mi  with  wrfrn^,  bromiu^ 
or  chhn'ne^  it  foruis  BubstittitioD-productH. — 5.  Conccotratwi  kydriodic  acid  aet*Q(mi 
it,  eroD  below  100°  prodndog  carbonic  (wid,  and  a  black,  uncirstallicable,  humos-like 
fculMrtanee  (Fo8t  »»r).— 6.  In  contact  with  pentaehlonfU  :>/  pho»phar%u,  it  aeqmpw  a 
verniillion-red  colour,  and  deliqoeacea  aft**r  a  few  dajs,  forming  ox^chloride  of  pho»- 
pbonis,  and  yielding  Tcrrailliun-onlrtured  cryBtubs.  If  th«»  crj-stals  obtained  hj  Uie 
action  of  m-ntarhloride  of  phosphorus  on  piptric  acid  b#  mixed  with  pip*?^idin^  t 
ftal«Min(^  w  formed  which  is  insoluble  in  wut^r  and  pot«»h-lcy,  but  aoluble  in  stTaDg 
hydrochJoric  acid,  alcohol,  and  clhcr. — 7.  2s*ieric  acid^  even  when  dilute  oonrert* 
pip''ricacirt  intuftnoraniri'-colouped  nitru-ntmpound,  which,  when  hent(»d  with  potaftEJuct- 
liydrJitfi,  givfs  off  an  odour  of  coumarin  (V,  Babo  nnd  Keller). — 8.  Piperic  acid  added 
X<i  fluted  p<ttiiMium- hydrate  coDtaining  a  little  wntcr  in  fxccas,  is  at  first  dissolved  ;  tU 
mixture  then  turns  brown,  and  gires  00"  hydrogen,  and  a  mass  is  formed  euntalniiig 
protocatcchoatc  [?  hypog&llate,  p.  454],  acetate,  oxalate,  and  c&rbonat«  of  potaviuia. 
with  a  comparatirety  small  quantity  of  a  humus-like  body,  prr)bably  a  product  (I 
the  decomposition  of  tiie  protoculechuate,     Th^  reaction  ia  probably 

C"H'»0«  +   8H«0   =    Cm*0*  +   C*H'0»  +   CTi'O'  +  C0«  +   ZH'.   (Strecktt) 


add. 


Prntoeatf* 


AectlQ 
acid. 


Oaallc 

actd. 


Pip  crates. — Pij^eric  add  is  monobasic,  the  general  formula  of  its  eslts  beoff 
Cn'MO*  or  C*H-M"0» 

Piprrat«  of  amm<minm,  C"H*(NH*)0*,  forms  colour'ewi  satiny  scales  re*embting 
cholesterin.  It  gives  off  ararounin  slowly  in  moist  air  «t  npdinary  tempemturea,  ibots 
quiddj  between  100°  and  150°,  nnd  d^'-compnoes  between  180°  and  200"^,  nmitlin^  «a 
odour  of  anise  (V.  Babo  und  Keller). — Pipercte  of  potnsgium^  C'"H*KO\  obtaiDcd 
as  already  described,  or  by  dis.Holring  the  acid  in  pota.sh-ley.  forms  yellowish- whita, 
silky  lamuue,  probably  belonging  to  tbe  trimetric  sy^tem.  When  heated  it  glows 
and  emits  an  odour  of  ao'se,  and  when  subjected  to  rlry  dislilUtion.  yieldaa  small 
qnantityof  tar  containing  phenol,  and  leares  a  mixture  of  charcoal  and  carbonate  ot 
potamium.  It  dissolves  sj  arinfcly  in  cold,  easily  in  bailing  water,  sparingly  in  aloohoi, 
and  is  nearly  insoluble  in  ether (V.  BaboandKel  ler). — The  luMiium-ttUt  is  prod|ntatsd 
on  dissolving  tbo  acid  in  hot  soda-ley,  and  cooling,  as  a  white  crystalline  powdet 
sparingly  soluble  in  cold,  easily  in  hot  water,  and  predpitsted  from  the  aqocow 
aolation  by  ulooboL 

The  fMtrivm-salt,  C**H*'Ba"0",  is  obtained  by  precipitation,  as  a  loosely  oohareBl 
mass  of  microscopic  needles,  dissolving  with  partial  decomposition  in  aboat  £.000  pti. 
of  cold  water,  more  soluble  in  hot  wattir.  It  is  completely  decomposed  by  pwau^ 
carbonic  add  throngh  iti  aqueous  solution.     (Foster.) 

The  calHumsalt  fonnti  slender  needles,  somewhat  more  soluble  than  the  bariQm<«slL 
— The  ttrontiutn'italC  is  a  white  predpitate.     (V.  Babo  Hnd  Keller.) 

The  eadmium-salt  is  a  white  powder;  the  roWZ-^a/^  is  rose-coloured ;  tbe  inciiJ- 
»aU  is  light  green  and  insoluble  ;  the  cupric-saU  is  precipitated  in  slender  sky-blue 
needles  on  mixing  the  potassium •ealt  with  cupric  snlpbat.e,  more  abundantly  on  addi* 
tion  of  ammonia. — The  ftrrctu  salt  is  yellowish-white,  insoluble,  easily  oxidisabla— 
Tbe  Uad-sait  is  a  yellowish  precipitate,  which  diMSolves  slightly  when  heated,  uA 
sepamtes  as  a  white  crystalline  powdur  on  cooling. — The  ma^nr^um-^alt  separates 
iifti>ra  few  days  in  slender  needles,  from  moderately  dilute  solations  of  piperate  ol 
potassium  und  chloridu  of  magnesiam. — The  mantra nous-snit  forms  small,  ydlawish, 
silky  lamina. — The  mfrc»ric-sait  is  a  yellowish-while  precipitate,  from  which  potash 
8eparat4>s  mercuric  oxide. — The  7ncrcnrr>u*-»alt  is  a  white  precipitate  t^ucsd  by  ua* 
monia. — The  tiit>er-»aii,  C'H'AgO*,  is  obrained  as  a  col-mrltsts,  scarcely  crystalUne 
j-owdej  by  precipitating  uitmie  of  silver  with  pi^HTate  of  potafi»ium.  It  isinsolnble  is 
water  and  in  alcohol;  daw  not  lose  weight  at  100°.— Thennc-«a/<isayellowiah-wiuts 
curdy  ppedpitate.     {V.  Babo  snd  Keller.) 

HydropSpeHo  aold,  e'-H"'0'  (G.  C.  Foster.  Chem.Soc.  Qu.  J.  xr,  19  ;  Ora.  rr. 

11). — This  add,  which  contHins  2  at.  hydrogen  mnre  than  piperic  add,  is  produced  by 
the  action  of  sodium-amalfrum  on  the  Litter.  When  an  aqueous  solution  of  potasste 
piperate  is  treated  with  sodium-amnJjyam  nt  a  gentle  heat  for  some  hours,  the  additino 
of  hydrochloric  acid  precipitarps  hydropiperie  acid  in  oily  drops,  which  gradiuUj 
solidify  on  stiinding.  It  muy  be  curified  by  crystallisation  from  a  lajge  quantity  of 
boiling  water,  or  by  solution  in  alcohol  and  treatment  with  animal  chaivoaL 

H  vdpopiperic  acid  is  colourless ;  tAsteless  at  first.  aft«r  a  time  somewhat  boraing. 
As  deposited  frt*m  boiling  water,  it  forms  long,  exceedingly  thin,  silky  Dcedlca;  by 
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Spontancotic  e\*aporatinn  of  itn  ethereal  solution,  it  mfty  be  obtained  in  to1«'mblj  latg% 
Iiluurd  crystoU,  appnrrntly  moooclinic,  and  xnostlj  hemitropic  It  melts  At  63*^  ur  64*^ ; 
■olidifiefi  At  nbout  66^ ;  not  ToUtile  without  dfn.<om position.  It  iii  rerj  slightJj  soluble 
Stt  cold  ttatt-r,  somewhat  more  bo  in  hot  water;  the  hot  sarorat^l  aolutjoo  rtaeU 
•troogly  add  ;  and  on  cooling  depoaits  the  acid  in  oily  drop?,  aa  longas  its  temperature 
is  aboTti  the  QieltJDf;  poiot  of  thu  littter;  thi-  n^it  efparatra  iu  lon^  thin  crystal* 
{9id,$up.).    The  acid  diwolvca  in  all  proi»ortioiia  in  alcohol,  and  i«  Tei7  aoluble  in 

When  hcntrd  wmowhat  ubore  itji  melting  point,  it  girea  off  white  frimes,  which, 
when  dilut(->d  with  much  air,  smell  lik^^  oil  of  anise,  and  Xt^rn  a  nnall,  easily  com- 
fatutiblei,  carbonaeeoaa  acid. ^-Strong  hydriodic  acid  decomposeH  it,  below  100°.  into 
earbonic  acid,  and  a  black  humu»-Iikc  body,  soluble  with  black  colour  in  alkalis. — 
titmmff  nitric  acid  colours  it  blood-red;  ordinary  nitric  ttid  diluted  with  its  ovn 
bulk  of  water,  acttt  violently  upon  it  if  gently  heAtf^d,  Kiring  a  aolutiun  from  which 
WMter  precipitates  a  semifluid  nitro-ucid. —  Oil  of  vitrin}  colours  it  blood-red.—  Fused 
with  Mtceaa  of  hydrct^d  aikali^  it  rrolvea  much  gna.  and  tho  brown  fn*^*d  maw  eibibita 
the  reactions  of  hj^pogallic  ncid  C^H*0',  obtained  by  the  action  of  hydriodic  scid  on 
liemipinic  acid  (iii.  142,  230) ;  see  also  DncOMposiTioNH  or  Pipskic  Ann  (p.  654V — 
With  chimride  of  acfttfi  at  1S0°,  it  yields  hydrochloric  acid  and  a  neutral  oil,  insoluble 
in  water  and  dilate  alkalis. 

Hy  d  rnpiperates,  C'"H'»MO*and  C»H^arO*.  The  amnKwiittm-*ff/<,  C"H"(NH*)0*. 
<37Btaliisti>  from  hot  watejr  in  small  shining  scales  ;  it  is  easily  solablo  in  hot  waUr, 
considerably  leas  soluble  in  cold.  A  strong  aquooon  solution  can  diwalre  more  ktfdnt' 
yipfrie  acid,  forming  a  solution  from  whirh  water  precipitntea  the  exccM  of  scid,  and 
whicii  gives,  if  suturat'ed,  sn  almost  solid  maM  ixf  hydropiperate  of  ammoniam,  on 
addition  of  strong  aqueous  ammonia. — An  acid  pvUuttum-MtIt,  C'll'^Kti"  » 
C'*H"KO\C'*H'*0*.  is  obtained  by  boiling  a  solution  of  hydropiperic  acid  in  nearly 
absolute  alcohol  with  dry  carbonate  of  potassium.  It  crystttliiiea  on  cooling  in  hemi- 
spherical massee  of  mdiating  needles. 

The  barium-sait,  C**il^Uu''(J*,  crystallises  from  boiling  water  in  small  bunches  ot 
ne€<lle'shup«d  crystabt. 

T&e  calciitm-talt,  C"'H"Cft"0',  is  prepared  by  boiling  the  scid  with  milk  of  lime, 
filtering  hot,  and  separating  the  oxceas  of  lime  by  carlxmie  acid  :  or  by  precipitating  a 
rather  strong  Holation  of  thn  ammoninm-aalt  with  chloride  of  calnnm.  When  paritiM 
by  crytitalltBation  from  a  mixturo  of  2  pt^  water  and  1  pt.  alcohol,  it  forms  small 
needle-shaped  cr)-8tals,  slightly  soluble  in  cold  water,  more  soluble  in  hot  water,  bnt 
partially  decomposed  by  it.     The  crystals  contain  water,  which  they  lose  at  100°. 

The  ailvrr-^t,  C"H"AgO*,  is  a  crystalline  precipitate,  almost  insolnbla  in  cold 
Wat4^r,  easily  altered  by  expoauro  to  light,  or  by  solution  in  hoi  water. 

The  bydropiperates  of  the  other  metals  are  mostly  precipitates  insoluble  in  ookl 
water. 

Hydropiprratr  o/Etht/l.  C»H'*0*  »  C'm"(C«H»)0',  is  obtained  by  heating  a 
solution  of  hydropipcric  Hcid  in  nbaolute  alcohol  saturated  with  hydrochloric  acid  for 
4  or  6  iiours  to  130**  in  a  uealed  tube,  and  purified  by  solution  in  eiher  and  treatment 
with  Hnimal  charcoaL  It  is  s  bruvniMh-ycUow,  neutral  liquid  ;  heavier  than,  and  inno- 
lubln  in,  water;  not  altered  by  dilate  aqn»)Ufl  potash  or  ammouio,  but  decomposed  by 
gaseous  ammonia,  probably  with  formation  of  iydropiperamid^    (Foster.) 

C»H"N    =   (^^"^"JN.     (Wertheim,  Ann.  Ch.  Pbarm.UxT. 

68. — Anderson,  if'id.  Ixxv.  82  ;  lixxiv.  345. — Cahoura,  Ann.  Ch.  Phys.  [3]  xxxriii. 
76.— Von  Babo  and  Keller,  J.  pr.  Chem.  Ixxii.  63.— Gm.  x.  446;  xt.  13.)— A 
volatile  baae  produced  by  the  action  of  alkalis  on  pipcrine.  The  production  of  a  rola-  * 
tile  base  by  heating  piperine  with  soda-lime  was  first  noticed  by  Wertheim  and  Boch- 
leder,  who  at  first  mistook  it  for  aniline,  afterwards  for  pit'olinn.  Anderaon  and  Cahonrs 
obtained  the  same  base  independently  of  each  other,  and  recognised  its  separate  identity. 
Its  chemical  reUtions  hare  be*!n  inresiigated  chiefly  by  Cabours. 

Prtpaniiion. —  I.  Wlien  1  pt.  of  piperine  is  distilled  with  2j  to  3  pts.  of  potAsh-limo 
in  a  retort  connected  with  u  cooled  receiver,  a  distillate  is  obtained,  consisting  of  water, 
two  di»(tiitct  volatile  \maes,  and  a  neutral  substance  having  an  agreeable  aromatie 
o«lonr.  When  this  crude  liquid  is  treated  with  fragmenta  of  caustic  potash,  a  light  oily 
substance  neparatea,  having  a  strong  ammuniacal  odour,  and  dissolTing  in  water  in  aU 
proportions.  Thi?  oil,  when  distilled,  passes  over  almost  wholly  between  105°  and  108**. 
but  towards  the  end  of  the  diHtillntion,  the  thermometer  rises  quickly  to  210*^,  and  there 
remains  sUitlonury.  The  mure  volatile  pnxluct,  which  forms  more  than  ^^  of  the  erode 
liquid,  distils  over  entirely  at  106°  when  rectified:  this  liquid  is  piperidine(Cahoura), 
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2.  Plperinf*  trented  wilh  nitric  acid  evotvpi  wd  ftinips.  and  forms  n  anl»t.-iiic«  Kariag 
an  odour  nf  bitter  ainiood  oil,  and  a  brown  iv»in,  whicb  disM)IvM  with  blnod-red  fioltrar, 
in  potHiih,  an(i  wh«*n  boiled  with  that  subdtnnc^,  yifldn  pip^hdine  in  the  form  «(  a 
Tul.iltir  liquid  (Andrrson). — 3,  Pipfrine  is  decomposftd,  hb  directed  at  pog^  Bit,  by 
bfjiling  with  alcoholicporiksh.  intopiperiilin<»and  pipcrAtoufiMtassioiD;  ana  tbc motbrrw 
liquor  Bcpamted  from  the  cryfuh  of  tbtt  luUt  is  di»riUed  into  a  rvceiTer  *?Miining 
hydrochloric  acid,  vhercby  hydrochlonito  of  piperidiiio  ie  obtained. 

Proprrties, — Piperidine  is  a  colourless,  very  limpid  liquid,  baring  s  atroog  aoniKini* 
acal  odour,  but  recftllinf;  also  that  of  p<^pf>er,  ana  a  very  caustic  taste  (Anderaon^ 
Blues  reddened  litmus  strongly.  Boilsat  106'^.  Vaponr-dennity  «  2-flS8  (CahouM); 
caJc.  (2  vol.)  »  ^'946.  It  disaolTra  id  all  proportions  in  umttr,  fonnicg  a  stnn^y 
[alkaline  liquid  vhirh  reacta  with  aaline  solutions  like  ammonia,  excepting  that  it  iIom 
tiot  redisaolve  the  oxidea  of  zinc  and  copper.  Piporidine  diaaolves  alao  in  alcohol;  it 
coaf^lates  uhitf  of  fgp  after  a  quarter  of  an  hour. 

Nitrovs  acid  acta  violently  on  piperidine,  forming  a  heoTy  aromatic  liquid.  Vapoof 
of  cyanie  acid  passed  into  piperidine  forms  piperylflne-carbamide  Cpiperrl-nreai: 
C*H"N  +  CNHO  -  C«H«N«0.  CyanaU  of  iwthifl  and  tyanaU  of  ftXyl  forei 
aimtlar  compounda,  with  1  at.  H  replaced  bv  1  at,  methyl  or  ethyl  (see  CABaaMxna,  i. 
767). — 3.  "^ithiodideofmrtJit/l,  chloridt  of  omaojf! ,  &o..  it  forms  ^uhatitufion-produda 
containing  1  at.  of  an  alcoholic  ur  acid  radicle  in  place  of  1  at.  hydrogen  (p.  657). 

Salt9  of  Pippridinr. — Piperidine  saturates  the  stmngeat  acids,  and  forms  oyi- 
taliine  salts  with  sulphuric,  hydriodic,  hydrobromic,  hydrochloric,  nitric  and  oxalic 
acids.     (Cnhours.) 

The  hydrochiomtf  forms  long  colourlesa  needlea,  easily  soluble  in  watecr  and  alcohol, 
Tolatilising  at  a  moderate  heat  and  not  altered  by  exposure  to  the  air.  The  soluti^D 
forms  with  trifhlondr  of  gold  small  needlei*  of  a  fine  yellow  colour,  and  with  tttrofUe*- 
ride  of  platinum^  long  orange-coloun»d  needles,  2(CH"N.JfCl)J*t"Cl*,  very  aohible  is 
watnr,  less  soluble  in  alcohol  (Cahnurs).  With  dichhride  of  phtinvm  piperidias 
forms  the  compound  (C*H"N)'Pt"CP,  the  solution  of  which  in  a  luge  qnantitjof 
boiling  water  deposits  the  piperidine-eompound  analogous  to  Slagnos's  green  amniooi»> 
chloriae  of  platinum.     (S<'e  Pi.ATinuM-BAinM.) 

HydriodaU  of  Pipcrtdinf,  C*H"N.HI.  crystallises  in  long  needles  resembling  tlis 
hydrochlorate. — The  nitratf,  C'H^N.ENO".  forms  small  needle-shaped  crystals. — Tls 
vzahite  firms  delicute needles. 

Piptrate  of  Piperidine,  C*H"N.C'*H'*0',  is  obtained  bjr  disaolring  piperic  addia 
aqueous  piperidine,  as  a  cr^-stalline  pulp,  und  on  dilution,  m  colourless  laminie  hatirf 
a  silky  luntre.  In  contact  with  the  air  or  with  oil  of  vitriol,  it  turns  yellow  from  las 
of  piperidine.  It  metts  at  100''  without  further  alteration,  and  when  stf^:>ngly  heated 
gives  off*  pi()eridine  and  d(MX>mpose8.  When  heated  for  some  time  to  ldO°,  it  becoasi 
partially  insoluble  in  wat^r,  but  if  then  disHolred  in  an  alkali,  it  yields  unaltered  pipm 
acid  when  decompoeed  by  Hcids.  With  pentochloride  of  phosphorus,  it  befaainea  liks 
piperic  acid.     (Babo  and  Keller.) 

The  mdphatf,  (C*H"N)»H'.'^0*.  obtained  by  Mturating  the  base  with  sulphuric  acid, 
is  cTystttlliswblc,  deliquefrcent.  anH  very  solubl**  in  water.  A  solution  of  1  «t.  of  this 
salt,  boiled  wilh  2  at.  cyaitato  uf  putasidum,  yields  piperylene-carbomide  and  sulphata  of 
potaasiuin : 

[(C»H»)-HN]=H«SO«   +    2[^"|n]    «  2  f  1^1    +   K»SO-. 


I 
I 

I 
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Compound  of  PipeHdinewth  CarhotiTc  I)i9iUphid^,{C*W^yyC3^^  or  Piperyi-wlpkoear' 
(CS) '    ).Q,  — This  cotnpound  is  obtained  by  carefUlf 


(C*H'-)- 
6amaU  of  Piperylmc-ammonium,    (CS)" 

dropping  sulphide  of  carbon  into  piperidine,  and  crjstallitiing  thp  product  firom  alcoboL 
It  ciystalliae*  in  slender  needles  belonging  to  the  raouooUnio  system. 


Suhetitution-dtrivaiivei  of  Piperidine, 
a.  ContAining  Alcohol- radicles. 
Piperidine  eihibitM  the  characters  of  a  s«condHry  monamine,  inasmuch  M,  when 
heated  with  the  iodide  of  a  monstomic  alcohol-radicle,  it  yields  the  hydriodate  of  a 
vulatilpammonift-bfisp,  which  whfn  sepurated  by  potash,  and  hoat^'d  with  a  monatomis 
alcoholic  iodide,  unites  directly  with  it,  forming  an  iodide  of  an  ammoniam-baa&  Ittf 
formuhi  is  thprefore  probubly        11    M  N, 
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Methyl-plpwtdlae.    C"H'»N  =  (C»H'«y'(CH»)N.  -The  hydriodate  is  obtoined 
by  dropping  piperidine  into  an  equal  volrnne  of  cooled  iodide  of  methyl : 
(C*H»fHN   +   CH«I     «     (C*H»)''(CH»)N  -t-  HI. 

The  aqneona  solution  of  this  salt  treated  with  p>tash  yields  the  base  as  a  tran8p|amt 
ml  of  aromatio  and  ammoniacal  odour,  iwlable  in  vater,  boiling  at  118°,  and  having  a 
vapoar-densitj  of  3*544 ;  calc.  »  3-431.— The  ht/drochlorate,  C*H»N.HC1,  forms  fine 
eokrarless  needles— The  chl&ro^iinate,  2(C^'*N.HCl).PtCl\  is  obtained  by  sponta- 
neous erapomtion  of  its  alcohohc  solution,  sometimes  in  needles,  sometimes  in  orange- 
ooloored  plates.     (Cahonrs.) 

Iodid$  ofDimethpl'piperylene-ammonium,  CH'^NI  -  (C»H"y'(CH*)fNI. 
— -Hethyl-piperidine  and  iodide  of  methyl  heated  together  for  some  days  to  100°  in  a 
sealed  tube,  nnito  and  fbrm  this  compound,  which  separates  from  alcohol  in  fine  crystals, 
ftnd  when  heated,  eidier  alone  or  with  solid  potash,  partly  volatilises  nndecomposed, 
and  is  partly  resolved  into  methylic  iodide  and  methyl-piperidine.    (Cahouss.) 

BfbTl-plperUllBe.  C^H'^N  «  C»H»((?H»)N  -  (OH»)'(C»H»)N.— The  iydru 
odate,  prepared  like  the  corresponding  methyl-compound,  yields  the  base  by  distillation 
with  potash,  as  a  colourless  mobile  oil,  less  aromatic  than  methyl-piperidine;  lighter 
than  water,  in  which  it  is  less  soluble  than  methyl-piperidine,  easily  soluble  in  aloohol 
and  ether.    Boils  at  128°.     Vapour-density,  obs.  -  3'986 ;  calc.  *=  3-917. 

The  kydrochiorate,  (rH'*N.HCl,  forms  beautiful  highly  lustrous  needles.— The 
^Uoroplatinate,  2(CH"N.HCl).PtCl*,  crystallises  fiom  warm  aqueous  alcohol  in  very 
beautiful  orange-coloured  crystals. 

Iodide  of  Diethyl'piperyUne-ammonium,  C»H»NI  »  (C*H>*)''(C?H*)*NL 
—Obtained  like  the  corresponding  methyl-compound,  as  a  viscid  mass,  which  dissolves 
in  all  proportions  in  wator,  but  does  not  ctyst^lise.  In  contact  with  oxide  of  silver,  it 
yields  iodide  of  silver,  and  a  bitter  alkaline  solution  which  yields  by  evaporation,  deli- 
qnescent  c^stals  of  hydrate  of  diethyl-jnperylene-ammonium,  resolvable  by  heat  into 
ethvl-pipendine  and  a  combustible  gas.  This  hydrate  diaK>lves  in  hydrochloric  acid, 
and  the  solution  when  evaporated  yields  deliquescent  crystals  of  the  hydrochlorate, — 
The  ehioropUitinaUj  2(?H"NCl.PtCl*,  is  precipitated  on  mixing  the  hydrochlorate  with 
aqueous  tetrachloride  of  platinum,  or  crystallises  on  cooling  &om  a  mixture  of  the 
boiling  dilute  solutions,  in  small  orange-coloured  crystals  resembling  chloroplatinate  of 
potassium.    (Cahours.) 

Amjl^lperldlne,  C»«H"N  -  (C*H»)"(C*H")N.— Prepared  like  the  preceding 
compounds.  Colourless  oil  boiling  at  186°,  and  smelling  like  ammonia  and  fusel-oil. 
Vapour-density,  obe.  »  5'477  ;  calc  «-  5*373.  It  is  less  soluble  in  water  than  methyl- 
or  ethyl-piperidine ;  forms  crystalliaable  salts  with  most  acids.  The  kydriodaU, 
C**H*^N.Hl,  crystallises  in  Inoad,  white,  shining  laminsB.  The  ehloropiatinate^ 
2(C'*H"N.HCl).PtCl^  crystallises  &om  warm  moderately  dilute  alcohol  in  veiy  hard 
prisms  of  a  fine  orange  colonr.    (Cahours.) 

$,  Containing  Acid-radicles. 

B«BSoplpttride,  C^^H^KO  »  C'H>o(C'HK))N.— By  treating  piperidine  with 
chloride  of  benzoyl,  a  heavy  oil  is  obtained  which,  when  treated  wit£  acidulated  water, 
yields  hydrochlorato  of  piperidine,  while  benzopiperide  remains  undissolved,  and 
quicklT  solidifies.  When  purified,  by  recrystallisution  from  alcohol,  it  forms  beautiful 
colourless  prisms. 

Oiunyl-plpertae,  C^'H^'NO  »  eH"(C>«Hi'0)y,  obtained  like  the  preceding, 
by  the  action  of  chloride  of  cumyl  on  piperidine,  forms  beautify  tabular  crystals. 

VZVXftZl»nrB-mta&.    See  Carbajiidbs  (i.  757). 

VZVBmXVa.  C'TI'^KO*.  (Oersted.  Schw.  J,  ixix.  80.— Pelletier,  Ann.  Ch. 
Phya  [2]  zvi.  844 ;  li.  199.— Merck,TrommBd.  N.  J.xx.  1,  34.— Wackenroder,  Br. 
Arch.  xxKvii  347.— Duflos,  Schw.  J.  Ixi.  22.— Varrentrapp  and  Will,  Ann.  Ch. 
Pharm.  xxxix.  283.— Th.  Wertheim,f6irf.  Ixx.  68.— Gerhardt,  Compt  Chim.  1849. 
p.  876 ;  Ann.  Ch.  Phya  [3]  vii.  253.— Anderson,  Ann.  Ch.  Pharm.  Ixxr.  82;  Ixxxiv. 
846. — Cahours,  Ann.  Ch,  Phys.  [3]  xxxviii.  76.— Stenhouse,  Ann.Ch.  Pharm. xcv. 
106.— Von  Babo  and  Keller,  J.  pr.  Chem.  Ixxii.  53.— Strecker,  Ann.  Ch.  Pharm. 
C7.  317.— Gm.  XT.  19.— Gcrh.  iv.  93.) 

This  alkaloid,  discovered  by  Oersted  in  1819,  exists  in  long  and  black  pepper  {Piper 
nigrum  and  P.  longum\  also,  according  to  Stenhouse,  in  tho  black  pepper  of  Western 
Anica,  Cabeba  C^uo^t  which  does  not  contain  cubebin.  According  to  Landerer 
(Vierteyahrschr.  pr.  Pharm.  xi.  72),  it  exists  also  in  the  berries  of  Sckinug  moUis,  a 
trt-e  belonging  to  the  terebinthaceous  order. 
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Pnparatu n.— White  pepper  is  exbaurted  with  aleohol of  spedfic  gravity  0833 ;  th« 
tbictnre  ie  distilled  to  an  extract ;  and  this  extract  is  mixed  with  potash-ley,  which 
dissolTPS  the  resin  and  leaves  a  green  powder.  The  latter  is  washea  with  water,  die- 
solved  in  alcohol  of  specific  graTity  0-833  and  ctrstallised.  By  repeated  crystallisation 
the  piperine  is  obtained  eolotirlese  (Fontet,  J.  Chim.  med.  i.  631 ;  Berzel.  Lehrb. 
3  AidL  vii.  677). — Stenhoase  dissolves  the  extract  of  cnbebs,  prepared  with  wood-spirit, 
in  alcohol,  and  mixee  it  with  strong  potash-ley,  whereupon  a  hrown  oil  separntes,  whieh 
yields  crystals  on  standing.  The  mother-liqnor,  if  again  mixed  with  alcohol,  yieUs 
another  portion  of  oil,  which  likewise  deposits  crystals  on  standing.  Theoe  crystJis  an 
purified  by  pressure  and  recrystallisation. 

Winckler  (Mag.  Fharm.  xviii.  163)  distils  the  alcohol  from  the  alcoholic  tinctiire 
of  long  pepper ;  dissolres  the  residue  in  the  required  quantity  of  hot  alcx)hol ;  prodpitatei 
the  solution  with  basic  acetate  of  lead ;  mixes  the  filtrate  while  warm  with  aa  mnchnl- 
phnric  acid  as  is  necessary  to  precipitate  the  lead ;  filters  while  wann ;  distUa  tbs 
alcohol  from  the  filtrate ;  ahausts  the  residue  wiUi  water ;  and  dissolvM  the  nndisaolved 
portion  in  hot  alcohol,  whereupon  piperine  cfystallises  on  cooling. 

Impure  piperine  may  be  punfliHl  by  washing  with  absolute  aloohol,  or  better  with 
weak  pota^-ley.     (Henry  and  Flisson.) 

Pfvpertie*. — Piperine  crystallises  in  colourless  monocftuie  prisms,  exhibiting  the 
combination  ooP.oP,  sometimes  with  [ooPw].  Batioofd:6  »  1*468:  1.  Angleofin- 
c]inedaxe8  6,c  =  70°  42'.  Angle  odP:  ooP  (orthod.)  -  84<»30';oP:  ooP  «>  7&^SKf 
(Kopp).  It  melts  at  about  100°  (Pelletier),  at  100°  or  above  (Wackenroder]k 
to  a  pale  yellow  limpid  oil,  whieh  solidifies  on  cooling  to  a  pale  yellow  transpaiss^ 
strongly  refracting  remn.  The  specific  gravity  of  fused  piperine  is  1*1931  at  18°. 
(Wackenroder.) 

Piperine  is  insoluble  in  cold,  very  slighUv  soluble  in  boiling  water;  soluble  fal 
Hloohol,  especially  when  warm,  less  soluble  in  ether.  The  alcoholic  solution  has  a 
very  hot  taste  like  that  of  pepper.  It  dissolves  also  in  volatile  oils  and  in  acetie  add* 
but  not  in  alkalis.    The  solutions  have  no  action  on  polarised  light. 
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'Will  and  Varrentrapp  found  4*66  per  cent  nitrogen.     Begnanlt  ^AniL  Ch.  Fhy% 

I '2]  Ixriii.  168)  first  gave  the  correct  formula,  which  was  corroborated  by  Itaur en  t  {iitJL 
3J  xix.  363),  andfiually  settled  by  Streeker^s  investigation.  Older  formolK :  O^Uff^C^ 
<Pelletier);C*Mn»0«(Liebig,Ann.Ch.Pharm.vi.36);C*J^fl»O"(G6rhardt); 
C*N*H»0'^  (Wertheim);  C^Ii^H^O'*  (v.  Babo  and  Keller).  Comparv  also  a 
Henry  and  Plisson  (J.  Pharra.  xrii.  449). 

Vecojnpositions. — 1.  Piperine  blat^ens  by  dry  distillation,  and  yields  a  brown  nnpy- 
reumatic  oil,  from  which  carbonate  of  ammonium  crystallises  (Gmelin). — 2.  Heated 
in  a  platinum  spoon,  it  melts  like  wax,  takes  fire  at  a  stronger  heat,  and  leaves  aa 
easily  combustible  charcoal  (Merck). — 3.  Piperine  suspended  in  acidulated  wattt 
and  exposed  to  the  action  of  the  tUctric  current^  is  violently  attacked,  aa  also  by  hot 
ooncentrated  nitric  ac»f  (Hlasiwetzand  Rochleder,  Wien.  Akad.Ber.  v.  447).— It 
is  coloured  blood-red  by  oU  of  vitriol^  loees  this  colour  on  addition  of  water,  and,  if  thi 
action  of  the  oil  of  vitriol  hue  not  been  continued  for  a  very  long  timje^  does  aol 
appear  to  be  sensibly  altered  (Pell  etier).  Bromine  converts  piperine  into  a  pM^ 
liar,  non -crystalline  product  (Oerhardt).  Iodine  acts  upon  it  onlv  when  4lis  t«0 
are  fused  together,  forming  a  daik  black-brown  mass,  which  hardens  on  oocdiag 
^W  Bcken  roder). — 0.  Nitric  acid  colours  piperine  greenish-yellow,  orange,  and  thtt 
red;  dissolves  it  with  a  yellow  colour,  the  solution  yielding  dirty  yellow  flakes  wfasa 
mixed  with  water;  and  on  fnrther  action,  produces  oxalic  acid,  tc^etheT  with  a  yeDov 
artificial  bitter  (Pclletier,  Oersted,  Wackenroder).  Strong  nitric  add  IbnM 
an  onuigc-red  resin,  which  partly  dissolves  with  deepening  colour  when  heated.  TVs 
solution  no  longer  yields  piperine  when  treated  with  water  or  alkalis  (Dn  floa).  7te 
brown  resin  wSch  is  prodocetl  from  piperine  by  nitric  acid,  with  violent  action,  evolt* 
tion  ot'nitrou9  acid,  and  the  odour  of  bitter  almond-oil,  assomes  a  rolendid  bloodHrai 
colour  when  trpated  with  hydrate  of  potassium,  and  when  boiled  therewith  yields  a 
distillate  of  piperidine  (Anderson).  Yon  Babo  and  Keller,  by  treating  pipariM 
with  nitroue  acid^  and  subsequently  distilling  it  with  potash-ley,  obtained  folatDt 
needles  which  had  the  orlour  of  coumarin,  melted  in  boiling  water,  diasolvod  ta  aleobot 
aiA  t^et,  ft&^  «SUKt  Vx:^Gf&-w\th  hydrate  of  potassiam,  gave  the  reaction  of  «Uqr2i0 
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add  vith  ferric  chloride. — 7-  By  boiling  with  alrohttUcpottifl,  piperinp  is  contort^^  into 
pipt-ridinc  and  piperate  of  potaasium  (p.  6'>3).  Whm  distilled  with  potosk-lime  it 
yieldfl  pipmdine,  tc^olherwith  ofhor  product**.  If  the  t^mpcmturodoeB  not  nia  aboT« 
IfiO*^ — 160°  no  ammonit  ib  giren  off,  and  Ihe  brown  residue  contains  an  aEOtiaed  acid 
which  mar  be  Mparatad  by  hydrochloric  acid;  it  \»  ypUov,  reainons,  and  beoomea 
atrongly  efwtric  by  friction.  It  the  roiituro  of  pipprine  and  lime  is  heat«d  to  200**,  it 
giros  off  ammonia,  and  th«  reaidac  of^cn  contains  an  nncrystallifiable  non-aEotised  acid 
(Wertheim).  Piperine  heated  with  hydrate  of  potassium  melt*,  givea  off  a  aharp 
odour  of  pepper,  and  yields  a  milky  aqueous  dii>itillat'0 ;  at  a  stronger  beat,  it  gires  off 
hydrogen  and  finally  ammonis  (Oerhardt). — 8.  Piporidiiie  heated  with  aeid  ehromats 
ojpotasnitm  and  sulphuric  acid  givea  off  a  large  qnantitj  of  carbonic  anhydride  and 
yields  a  slightly  acid  aqueous  distillnte  which  reduccH  nitrate  of  silver  (Garb  ardt). 
2.  Ptrmnnganatt  of  potassium  added  to  a  aoluHon  of  piperine  mixed  with  sulphurie 
acid,  colours  it  green  after  a  few  boors  (Duflos). — 10.  PAospMontcfybdie  acid  ooloara 
piperine  brown-yellow,  and  precipitates  it  in  6ocks  (Sonnenschein).  Piperine  also 
forms  a  yellow  precipitate  with  phosphantinionie  aeid  (p.  408). 

Salts  of  Piperine.  Piperine  is  but  a  weak  base,  and  does  not  form  salts  with 
all  acids. 

HydroehloraU. — Piperine  ahsort^  from  130  to  13*7  per  cent,  hydrochloric  acid  gas, 
forming  a  product  which  melts  and  crystalliaes  on  cooling,  dissolves  in  alcohol,  but  is 
decomposed  by  water. 

The  cMoromercurate,  2C^'*KO>.HCl.Hj5"Cl',  is  obtained  by  mixing  a  wlotion  of 
1  pt.  piperine  in  strong  alcohol  slightly  iicidulatcd  with  hydrochloric  acid,  and  2  pts. 
of  mercuric  chloride  also  dissolved  in  alcohol,  and  leaving  the  mixture  at  n.>flt  for 
freveral  days.  It  then  deposits  the  raercuiy-salt  in  yellow,  shining,  transparent, 
triclinic  crystaJB  which  become  darker  when  exposed  t^  the  air  or  heated  to  100°, 
(For  details  of  the  crystalline  form,  see  Schabus,  BesHmmung  der  KryntailKjr^taUtnt 
&c.,  p.  198;  also  6m.  xt,  23.)  The  salt  is  insoluble  in  watt^r,  slightly  soluble  in 
strong  hydrochloric  acid  and  in  cold  alcohol,  more  soluble  in  boiling  alcohol 

CMoroplatinatf,  4C''n'*N0"  2HCI.Pl"Ci' Obtained  in  large,  rcaeate,  monodinio 

crystals,  by  mixing  a  concentruted  alroliolic  solution  of  piperine  with  a  concentrated 
alcoholic  solution  of  plntinic  chloride  acidulated  with  strong  hydrochloric  aeid.  It  ia 
very  slightly  soluble  in  water,  and  appears  to  be  partially  decomposed  by  a  large 
quantity  ;  moderately  soluble  in  boiling  alcohol,  whence  it  separatas  on  cooling'  aa  an 
orange-coloured  co'stalline  powder.  It  may  be  dried  At  100°  without  alteration,  bat 
melta  and  decomposes  with  intumescence  at  a  higher  temperature. 

Iodide  of  Piperine, — Piperine  unites  with  iodine,  forming  shining,  bluish-black 
needles,  soluble  in  alcohol  and  containing  4C"H"N0'J".  (Weltzien,  Zitaammenstei- 
lun^,p,  662.) 

TTinXTTM,  Ol^Snas  M1IVTU.B,  volatile  oil  of  peppermint,  is  prepared  by 
distilling  the  herb  of  Mci\tha  piperita  with  water.  It  is  a  transparent,  usually 
colourless,  but  sometimes  greenish  oil,  vezy  mobile,  having  a  pungent  odour  and  an 
aromatic  burning  taste  with  cooling  after-taste.  Specific  gravity  -*  0*002 — 091 
(Blaochet  and  Sell);  O'SOO  after  several  rectifications  (Kane):  09028  at  14-6^ 
(0  lads  ton  e).  For  the  refractive  and  optical  rotatory  power,  according  to  Gladstone, 
see  Oils, TOLATii.F  (p.  189).  Boiling  point  188''— 193*^  (Kane^.  When  exposad  to 
cold,  or  eubniitted  to  fractional  disttllation  it  deposits  Pep por mint-camphor  or  Men- 
thol,C"'H'"0(iii.  880),  in  quantities  Tar}ing  according  to  its  origin.  The  permanently 
liquid  portion  of  the  oil  has  the  composition  C'*H'H),  according  to  Blanehet  and 
Sell;  C*'H"0',  according  to  Kane  (J.  pr.  Chem.  xx.  439X 

VXPERIXEira-CASajLBCXDa.      Pipcryl-carbamide  or  Piprryl-urea.      (See 

CARBA.iiiDa,  i.  767.) 

PZPERT2.BNE-SirX.PBOCAKBAMXO   ACZB.     Seo  PiPKBIDmi  (p.  656), 
VZFSBTOS'B.     A  variety  uf  clay-slate. 

V^BTTB.     A  vessel  with  a  bulb  and  narrow  neck  used  for  transferring  liquids 
(See  .iVxALT.=?is,  VonniKTRic,  i.  266.) 
PIRZOrEZTB.     Iron  lime-garnet. 
PXBOPB.     Syn.  with  PraonL 

PZBAJrZTB.     A  native  sulphate  of  copper  and  iron  found  in  a  cave  near  a  bed  of 

ciiprifcrouH  pyrites  in  Turkey.  It  gave  by  analysis  16-56  per  cent.  Cu"0,  1098  Fe^O, 
29-90  SO»  and  43-.'"i6  water,  agreeing  with  the  formoUi  (Cu  ;  Fe)"S0*.7H*0.  (Pisani, 
JahresK  lh5J),  p.  811.) 

PZBOUCTX.    Syn.  with  Pbastoxb  (p.  360.) 

u  D  2 


ceo  PISSOPHANE-^PITTACAL. 

VIBSOVMAWa.    An  amorpfaouB  or  stakcdtie  minenl  ocenrriBg  at  Gantdoif 

near  Saalfeld,  and  atReichenbach  in  Saxunj^conflistingof  baafc  alaminico-ferrKnlphate. 
HazdneBS  »  VS.  Specific  gravity  1*93—1*98.  It  ia  tniumarent,  with  (4in-gr«cn 
colour  and  ritreouB  lustre ;  -very  fragile  and  exhibits  a  conchoidal  fractnre.  It  hu  b«ea 
analysed  hy  Krdmsnn  (Schw.  J.  bdi  104),  with  the  following  resalta: 

Omagum  «od 
AIS0>.     F«sO>.      SO*.       IPO.       loM. 
1.  Green  .        .        .    3616      9*74    1270    4169    0*71       »       100 

2. 36-30       9-80     12-49    4170     0'70        »       100 

3.  Yeilow  .  .       6*80    40*06     11-90    4018     Ml        »       100 

Kot.  1  and  2  are  probably  3MH)'.80*.16HK)  or  more  exactly  61PO*.2SO*.30H*0; 
No.  8is2M«0'.SOM6H*0.   (Dana,  it  390.) 

PZSTAOtA.  The  berries  of  PUtacia  Lentiseue,  a  terebtnthaceona  plant  enuaoa 
in  Algeria,  yield  when  comminuted  and  boiled  with  water,  from  20  to  26  per  ccvt  of 
a  dark  green  sharp-tasting  fat,  which  melts  completely  at  Z2? — 34°,  and  msj  W 
resolved,  by  partial  solidification  and  tlecantation  of  the  still  fluid  portion,  into  a  vhits 
cryslalUne  fut  melting  at  34^ — 36°,  and  a  dark  green  fiit  remaining  flviid  at  0^. 
(Leprieur,  lUp.  Chim.  ^p.  ii  328.) 

VZflTAOXTB.    Lime  and  iron  epidote  (ii.  890.) 

VZSTOBCBBXTa.    Syn.  with  HxsmN-SFAn  (iiL  928). 

VZTOX.  Poix.  Peck.  This  term  is  applied  to  a  variety  of  solid  rennoai  sal)- 
stances  which  are  generally  of  a  dark  colour  and  brilliant  lustre.  The  oommon  kinds 
of  pitch  are  obtained  from  some  one  or  other  of  the  various  kinds  of  tar  produced  in  the 
destractire  distillation  of  wood,  coal,  &c,  and  are  prepared  by  evaporating  off  fraax  tbe 
tar,  the  liquid  oily  substances  mixed  with  the  solid  resinous  matten,  nntal  the  leddam 
has  the  desired  consistence. 

A  certain  amount  of  pitch  may  in  tiiis  way  be  obtained  from  all  kinds  of  far ;  bstsi 
a  role,  the  tar  produ(»d  in  destructive  distillation  at  high  temperatures,  and  thst 
obtained  from  highly  resinous  wood  and  from  caking  coal,  even  at  compan^ively  lov 
degrees  of  heat,  coDtains  a  much  larger  proportion  of  the  solid  lesinoos  aubsteaen 
which  constitute  pitch,  than  the  tar  produced  at  a  low  red  heat,  or  obtained  frma  bitu- 
minous minerals  which  do  not  cake  or  undei^jo  a  kind  of  partial  fiudon  when  heated. 
(See  Tar.) 

Pitch  is  generally  prepared  either  from  Archangel,  Stockholm  and  Axneriean  tai;  or 
from  that  kind  of  coal-tar  produced  in  the  mann&icture  of  illuminating  gaa.  Besides 
these  kinds  there  are  several  varieties  of  pitch  which  occur  native  and  are  eoDunonlj 
termed  niiucral  pitch.     (See  Asfuai.t,  i.  426.) 

Little  is  known  of  the  chemical  history  of  the  several  varietiea  of  mtch ;  but  in  genml 
their  constitution  is  probably  more  or  less  analogous  to  that  of  ouier  reain%  and  like 
these  latter,  they  present  specific  differences  in  their  behavioor  with  solventi^  fte. 
Another  kind  of  pitch,  called  Burgundy  pitch,  is  employed  in  medidne,  and  ia  the  mdtad 
3Min  of  Abielis  rtsina  or  Thus.     It  is  of  a  yellowisn- white  colour.  B.  H.  P. 

PZTOK,  — 'T¥HiP*-     Syn.  with  BrruKBK. 

PZXCMBUUma.    Native  oxide  of  uranium  (see  UnAinvic). 

yZTCVBTOini.  A  fels]mthic  rock  (ii.  623)  containing  excess  of  silica,  and 
having  a  pitchy  rather  than  a  glassy  lustre. 

PXTOBT  XKOV  OWB.  A  term  applied  sometimes  to  triplite  (p.  671),  som^ 
times  to  pitticite  {it^lra),  sometimes  to  a  variety  of  brown  hematite. 

vyiTg  A »  ft  W  'I'Ji'X' Ji.  A  dark  green  mineral  from  Pitkaranta  in  inland,  oonsst* 
ing  of  an  altered  hornblende,  occurring,  according  to  Scheerer,  in  crystsla  bavii^  tbs 
form  of  augite,  and  splitting  into  thin  plates  parallel  to  the  orthodiagonaL  Contains, 
according  to  an  analysis  byB.  Richter:  61-26  percent  SiO*,  0-41  AIH)",  12-71  Fe'O, 
063  Mn'O,  13-30 Hg'O,  917  Ca"0  and  262  water.  (RammeUber&s  Minerakiemk,  . 
p.  498.) 

VZTOTZVa.  An  alkaloid  obtained,  according  to  Peretti  (J.  Fhann.  Oct.  1835, 
p.  613),  from  China  POoya,  which  is  probably  identical  with  CSUna  bieoior  «  Ck 
Trram/'S.  It  is  soluble  in  water,  alcohol,  and  ether,  and  has  a  slightly  bitter  taste,  wh^ 
is  stronger  in  the  aqueous  or  alcoholic  solutions  of  its  salts.  It  mJeltsat  100^,  sad 
partly  volatiluies  at  a  higher  temperature  in  very  bitter  vapours  which  condense  in 
prismatic  crystals.  It  is  decompcwed  by  hot  strong  nitric  acid.  It  is  said  to  be  a 
febrifuge.     (Handw.  d.  Chem.  vi.  640.) 

9XTTJLCAXa  (from  virro,  pitch,  and  KaAif,  ornament  or  beanly).     One  «f  iU 
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tmmcrotis  siUiStaoces  discovered  by  Reichenbach  in  the  coun«  of  h\a  rcsearcbe*  on  the 
oils  prtidaced  by  the  distillation  of  wood-tar.  Its  composition  is  unknown.  It  is 
obtained  by  acting  on  the  heariest  or  least  volatile  portion  of  the  oil  first  with  potash, 
until  the  free  acids  are  nearly  neatralised,  and  then  with  baryta-water.  In  this 
manner  a  deep  blue  colour  is  formed.  This  blue  substance  is  pittacal,  probably  in  u 
very  impure  condition.  In  the  solid  state  it  possesses  a  coppery  or  bronze-like  lustre ; 
but  this  property  is  not  characteristic,  as  it  is  shared,  not  only  witli  almost  lUl  coal-tar 
colours,  but  also  with  indigo  and  prusaian-blue. 

Fittaeal  appears  to  have  decided  basic  characters,  for  it  is  dissolved  by  acids  and 
precipitated  by  alkalis.  It  is  tasteless,  inodorous,  and  not  volatile  without  decomposi- 
tion. It  is  insoluble  in  water,  alcohol,  or  ether,  and  no  process  is  known  by  which  it 
can  be  separated  from  other  substances,  or  its  purity  ascertained.  It  forms  a  species 
of  lake  with  alumina,  and  is  said  to  dye  a  fast  blue  on  vegetable  tissues  mordanted  with 
tin  or  alumina.  Its  acid  solutions  are  reddish ;  but^  when  diffused  in  water,  it  is  said 
to  have  a  greenish  tint. 

In  many  of  its  reactions,  it  resembles  the  colouring  matters  formed  by  acting  with 
oxide  of  silver  or  alkalis  on  the  iodides  of  the  ammonium-bases  derived  from  certain 
tertiary  monamines.  Indeed  the  late  Dr.  Gregory  in  the  last  edition  of  his  "  Oiganio 
Chemistry**  (p.  471),  suggests  that  the  beautif^  coloured  compounds  obtained  by 
treating  iodide  of  ethyl-chinolyl-ammonium  with  oxide  or  sulphate  of  silver,  may  be 
identic^  or  homologous  with  pittacal.  But  it  must  not  be  forgotten  that  those  colours 
■were  yielded  only  by  the  bases  derived  from  the  products  of  the  distillation  of  cin* 
chonine,  and  that  the  same  products  cannot  be  procured  from  the  isomeric  bases  of  the 
lencoUne  series.  On  the  other  hand,  the  reactions  which  occur  during  the  formation  of 
the  blue  obtained  by  acting  on  a  solution  of  iodide  of  pelamine  (iii.  673)  with  potash 
or  ammonia,  remarkably  resemble  the  phenomena  observed  in  the  production  ot 
pittacal.  (See  AHTL-CHuroLm^  i.  873*)  The  insolubility  in  alcohol  appears  to  bt' 
the  chief  distinction  between  pittacal  and  the  coloured  oeriTatives  from  coal-tar  or 
emchonine. 

On  treating  the  heaviest  bases  from  coal-tar  with  solid  potash  in  the  process  for 
rendering  them  anhydrous,  the  fluid  (ascertained  to  be  &ee  from  copper)  ofU^D 
becomes  of  a  light  blue  colour,  which  seems  to  indicate  the  presence  of  a  substance 
allied  to  the  body  from  which  pittacal  is  derived. 

The  interest  attaching  itself  to  pittacal  is  rather  increased  than  lessened  by  thf 
researches  which  have  been  made  upon  the  colouring  matters  of  coal-tar,  because  they 
appear  to  show  that  wood-tar  may  eventually  become  a  source  of  now  colours.  At  the 
same  time,  the  comparatively  small  amount  of  nitrogen  in  wood,  while  limiting  the 
fonnation  of  alkaloids,  points  to  the  heavier  and  less  Iwown  non-basic  oils  as  the  chief 
source  of  new  derivatives.  C.  G.  W. 


Tiititiie,  Iron  sinter,  JDiartenate  of  Iron,  Pitchv  Iron  ore.  &scn' 
feeherx. — ^An  arsenato-sulphate  of  iron  occurring  in  reniform  masses,  having  a  yellowish 
or  reddish-brown,  blood-red,  or  white  colour,  yellow  streak  and  vitreous  lustre ;  trans- 
lucent to  opaque ;  hardness  «•  2  to  3 ;  specific  gravity  >«  2*2  to  2*5. 

Analyses.-^ a.  FromFreibeTg(Stromeyer,  Gilb.  Ann.lxi.18I). — A.FromSchwarzen 
brrg  in  Saxony  (Rammelsberg,  Pogg-  Ann.  Ixxii.  139). — e^  d.  From  SieglitzstoUen 
in  we  Badhaosberg,  near  Gastein:  yellow  (Rammelsberg): 
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These  analyses  show  that  the  mineral  is  of  varying  composition.  Analysis  a  may  be 
represented  by  the  formula  (3Fe*O».2A8H)»).(Fe''O».2SO').30HK);  which  contains  the 
same  salU  as  diadochite;  b  by  (3Fe*0».2As*0»),(Fe=0*.3SO").24H*0,  containing  1  at 
SO*  more  than  the  preceding;  e  and  d  aro  mixtures. 

VXTTZVZT&     An  impure  variety  at  pitchblende. 

y^AglOH  ITB.  A  sulphantimonite  of  lead  occurring  at  Wolfiibei^  in  the  Hart^ 
in  moDoclinic  ciystals  having  the  axes  a:hic  »  0-8802  :  1  :  0*37016.  Angle  of  in- 
dined  axes  «  72"  28'.  ooP :  a>P  «  85<»  25' ;  oP :  [Poo  ]  «  1680  9'.  Observed  combi- 
nation, 2P  .  oP .  P .  ooPco.  The  crystals  are  thick  tabular;  the  face  oP  shining 
and  smooth,  the  others  striated.  Cleavage  pamllel  to  2P.  perfect  The  mineral  occurs 
also  massive,  granular.  Hardness  *=  2'6.  Sporffic  gravity  =  5-4.  Lustre  metallic 
Colour  blackish  lead-grey.    Opaque.    Brittle.    Before  the  blow^i^  VV  ^«es«^\»XK%. 
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ftnd  melts  eaailj,  arivina  off  fomea  of  mUphar  uid  antixnooiooa  oxida,  and  < 
duuvoal  with  oxide  of  lead. 

According  tu au  analysis  by  H.  Rose  (Pogg*  A-im.  XKriiL  42B),  it  ooot&int  21*63  pw 
eent  BUlpfaor,  S7'94  antimony,  and  40*52  lei^  agreeing  moct  nearlj  with  the  f 
Pb»8b*8"  -r   6Pb"8.4Sb\S»,  which  require  3110  per  cent  aulphnr,  87*86  i 
and  40-74  lead. 

V&AW1IS.XTB.  A  mineml  rondiitltng  of  hydrated  aluminit*  pboaphate  with  eayrt  ] 
and  ferric  hrdrates,  occurring  in  fifisurc'B  of  dLnntpgrated  quarts  at  Oumescht^^  iai 
the  Ural,  in  botryoVdal  aggregationj)  having  an  indistinct  fibrous  stmctore,  a  ^ncai 
oolonr  in  the  recent  state,  Lranalucent  on  the  edgM.  Specific  graritj  »  2-65.  It  u  hflftl 
alightly  attacked  by  acids,  but  easily  by  caustic  potash  or  soda,  which  diasolTea  lli«  ! 
piwsphate  of  alaminitim,  leariog  a  brown  residue.  Analysis  gaxe  33  94  per  cent.  I 
PH>»,  37-48  A1H>»,  3*78  Cu^O.  3-62  Fe"0  and  20*93  HH)  («  99*59),  anawvriiy  tj>  1 
the  formula  4(3Al»0«.2P«0'.9HK)).3(Cu  ;  Fe)"H«0«.  (R  Hermann,  Jahr»K  1S6J,  I 
p.  7C4.) 

9UUVTAOO.  The  ash  of  the  sea-side  plantain  {Plonta^o  maritimd)  has  beao 
analysed  by  E.  liarms  (Jahresb.  1853,  p.  fill),  100  pts.  wpre  found  to  contain  4  97 
per  cent,  sulphuric  anhydride,  0*68  phosphoric  anhydriae,  3*76  silica,  2-2A  ferric  phoi- 
phate,  113  atiiminic  phosphate,  62-53  chloriJo  of  sodium,  10*37  chloride  of  poUttraD, 
4'7l  msgnesin,  6  59  fimts  and  3'08  potash.  100  pta  of  the  green  plant  jrielded  79-&I 
pts.  wnter;  100°  pts.  of  the  fresh  plant  gave  3*91  per  cenU  aah ;  of  the  plant  <'  * 
100°,  19  12  pts. 

vxaurrs,  cbsisxstst  or.    See  PsTTQ-caKxwntT  (p.  636). 

VIk&SVCANi     Afuint  translucent  chalcedony,  approaching  jasper,  hariug  a  ) 
eoloor  spriuUi^d  with  yoUow  and  whitish  dots,  and  a  glistening  lustre 

The  term  platrma  is  also  applied  to  the  simplest  form  of  oi^nised  matter  in  thi 
Tegetablo  or  animal  body,  oat  of  which  the  seTcrol  f  issues  arc  formed. 


.  grecniikH 


A  Dame  applied  by  Denis  (Compt.  rend.  Ui.  1239;  Jahresb.  IMl, 
p,  725)  to  a  constituent  of  the  blood  to  which  ho  supposes  the  property  of  BpontaosoQi 
eoogalation  to  be  dne.  It  is  extracted  &om  p«rfpotly  fVesh  blood,  by  adding  a  saio- 
rated  solution  of  sulphate  of  sodium  (|  of  the  vol.  of  human  blood),  filtering  the  slIfw^ 
natant  liquid  from  the  blood-globules  after  some  hours,  and  satonting  it  with  pulrenssd 
chloride  of  sodium.  The  pLumin  then  separates  in  flocks.  It  is  soluble  in  watv,  ii 
not  altered  by  cnrfful  drying  at  40°.  bnt  loses  its  solubility  in  water  when  hsmtcd  t^ 
100°,  or  by  contact  with  acidn  and  alkiilifl,  eien  when  vpry  dilute.  The  eolation  in  \h 
to  20  pts.  water  solidifies  after  a  few  minutea  to  a  colourless  txanqyarent  jelly,  vhidi 
by  preasore  between  paper  is  conTertod  into  fibres  of  fibrin. 

P&ABTBRt     A  pharmaceutical  term  for  lead-soaps  (iii.  660). 

FLA8TEK  OF  PAXZB.  Gypsum  heated  and  ground  up.  It  is  tbcvebyrai- 
dered  anhydrous,  and  when  subiiequently  mixed  with  water,  quickly  takes  op  thi 
water  of  hydration  which  it  has  lost,  and  is  convert(*d  into  a  hard  eubatanoe  wfaidl  ex- 
pands in  solidifying,  so  that  it  accurately  fits  into  any  mould  into  which  the  pasty  mix- 
tare  is  poured ;  hence  it  is  much  used  for  taking  casts  of  statues,  medals^  Ac.  (8m 
Gtpbltm,  ii.  9C3.) 

PLATA  AXUla,    A  term  applied  in  the  Mexican  mines  to  an  ash-grey  or  black 

mineral  regiirJed  as  carbonate  of  silver ;  also  calle<l  Sblbitb. 

PULTA   VZIKBi:.     Native  bromide  of  silver.     (See  Sii.tbb.) 

PZiATAminoirnrMC.    A  hypothetical  base,  irH*Ft*',  supposed  to  exist  in  the 

diammonio-platinona  compounds.     (See  PLATllft;ii-BA5E!». ) 

PI^ATAlfcfiEilBTHgliXirag*  As*(C7H')'Ft'.  (See  ARflEinc-KAJucLBt,  Obgakic; 
i.  400.) 

VbATElTA^     The  old  name  of  Platinum. 

FXJ&.Tnnc  and  p&ATnrotrs  coscpotnros.    (Roe  FLamrw,  p  966 ) 


I 
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Atomic  \Dfighi  197*4.  Symbol  Pt.  This  metal  waa  diacuvejffl  ia 
the  auriferous  sand  of  certaia  rivers  in  America.  Its  name  is  derived  from  the 
Spanish  x^ord  platina,  a  diminutive  of  plata^  silver,  and  was  applied  t4>  it  on  accouni 
of  its  whiteness.  It  occurs  in  the  form  of  rounded  or  fliittened  grains  of  a  mtitAllio 
lustre.  It  has  been  found  in  Brazil,  Mexico,  California,  Oregon,  £t.  Dominen,  toil 
on  the  eastern  declivity  of  the  Ural  chain  ;  in  small  quantity  also  in  or-rtain  copper-on« 
from  the  Alps  ;  it  is  everywhere  associated  with  the  debris  of  a  rock,  easily  rvcogniacd 
■fl  brlonpng  to  one  of  the  earliest  volcanic  formutiona. 
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' '  Th<  grdns  of  natiTe  platinum  contain  &om  7ft  to  87  per  eent.  of  that  metal,  a 
quantity  of  iron  ge&enilly  anffieient  to  nnder  tliem  magnetie,  hoBi  i  to  1  per  cent  of 
palladiam,  bnt  aometimes  xnach  leH,  with  amaller  qnontitiea  of  copper,  xhodinm, 
oaminm,  iridinm,  and  mtheninm.  To  5eparat«  theplatinnra  from  thMe  Dodieo,  the  ore 
18  digested  in  a  retort  ivith  hydrochloric  acid,  to  which  addittona  of  nitric  acid  are 
made  from  time  to  time.  When  the  hydrochloric  acid  ia  neariy  aatorated,  the  liquid 
IS  eraporated  in  the  retort  to  a  syrupy  then  diluted  with  water,  and  drawn  off  from  the 
i&Bolable  reeidoe.  If  the  mineral  ia  not  completely  decompoeed,  more  nitio-muriatie 
add  ia  added  and  the  distillation  continued.  A  portion  always  remains  undiBsoWedt 
eonaiatang  of  grains  of  a  compom)d  of  osmium  and  iridium  (iii.  324 ;  ir.  2401  and 
little  bruiiant  plates  of  the  same  alloy,  besides  foreign  mineral  substances  which  may 
be  mixed  with  the  ore.  The  solution  is  generally  deep  red«  and  emits  chlorine  from 
the  presence  d  tetrachloride  of  palladiam ;  to  decompose  which,  the  liquid  is  boiled, 
whereupon  chlorine  Mcap^  and  the  palladium  is  reduced  to  dichloride.  Chloride 
of  potaasinm  is  then  added,  which  precipitates  the  platinum  as  a  sparingly  sohiblo 
double  chloride  of  platinum  and  potassum,  leaving  tne  palladium  in  solution.  The 
precipitate,  which  has  a  yellow  colour  if  pure,  but  red  if  it  is  accompanied  by  the 
double  chloride  of  iridium  and  potassium,  is  collected  on  a  filter,  and  washed  with 
a  dilute  solution  of  chloride  of  potasaium.  By  igniting  this  double  salt  with  twice  ita 
weight  of  potassic  carbonate  the  platinum  is  reduced  to  the  ntetallic  state,  while 
a  portion  of  the  iridium  remains  as  trioxide.  The  soluble  potassium  salts  are 
then  removed  by  washing  with  hot  water,  and  the  platinum  ia  dieeolTed  by  nitro- 
muriatic  acid,  which  leAves  the  trioxide  of  iridium  undissolred.  To  complete  the 
separation  of  the  iridium,  the  precipitation  by  chloride  of  potassium  and  ignition 
with  carbonate  of  potassium  may  require  to  be  repeated  sereral  times.  The  platinum- 
solution  thus  &eed  from  iridium  is  mixed  with  sal-ammoniac,  which  throws  down  a 
yellow  precipitate  of  the  double  chloride  of  platinum  and  ammonium.  From  this  pre- 
cipitate, when  heated  to  reduess,  chlorine  and  sal-ammoniac  are  given  off,  and  iIh* 
phitinum  remains  in  the  form  of  a  loosely  coherent  mass,  called  sponge  platinum. 
When  it  is  not  required  to  have  platinum  absolutely  purs,  th^  solution  first  obtained 
from  the  ore  is  precipitated  hj  sal-ammoniac,  and  the  precipitate  is  treated  in  the 
manner  just  described :  much  of  the  platinum  of  commerce  is  obtained  in  this  way. 
The  Huall  trace  of  iridium  which  is  left  in  commercial  platinum  greatly  increases  its 
hardness  and  tenacity. 

Platinum  is  too  re&actory  to  be  ftased  in  ooal  ftunaces :  but  at  a  high  temperature  its 
particles  cohere  Hlra  those  of  iron,  and  it  may,  like  that  metal,  be  welded  and  thereby 
TCodered  malleable.  For  this  purpose  the  spouCT  platinum  obtained  by  igniting  the 
ddoroplatinate  of  ammonium,  is  rubbed  to  powder  very  gently  between  the  hands, 
pressea  Uirough  a  linen  bag,  and  the  coarser  particles  whidi  remain  in  the  bag  are 
triturated  in  a  wooden  mortar  with  a  wooden  pestle,  not  with  any  harder  substance, 
because  the  platinum  would  then  acquire  the  metallic  lustre,  and  would  not  weld  so 
easily  as  in  the  contrary  case.  The  powder  is  finally  triturated  with  water,  and  the  finer 
particles  separated  from  the  coarser  by  elutriation.  The  whole  of  the  finer  powder  is 
then  mixed  up  with  water  to  a  uniform  paste,  and  pressed  into  a  brass  cylinder  6} 
inches  high,  1-12  inch  in  diameter  at  top,  and  1*23  at  bottom,  and  having  its  lower 
and  wider  end  accurately  dosed  with  a  steel  stopper,  which  ^oes  in  4  of  an  inch, 
and  ia  wrapped  round  with  bibulous  paper,  by  which  the  running  off  m  the  water  is 
fiicilitated.  The  interior  of  the  eyhnaer  is  smeared  with  grease,  and  the  cylinder 
beite  placed  in  a  glass  full  of  water,  is  itself  filled  with  water,  and  then  completely 
filled  with  the  platinum -paste.  In  this  manner  ail  cavities  and  inequalities  are 
avcnded.  On  the  platinum-paste  is  laid,  first  a  sheet  of  blotting-paper,  then  a  laver  of 
woollen  cloth,  and  part  of  the  water  is  pressed  out  of  it  by  means  of  a  wooden  cylinder 
held  iu  the  hand.  A  plate  of  copper  is  then  laid  upon  the  paste,  so  that  the  cylinder 
may  be  introduced  in  a  horisontal  position  into  a  very  powerful  lever-press,  in  whi(^  a 
stamp  presses  on  the  copper  plate.  After  the  pressure,  the  steel  stopper,  which  closes 
the  lower  end  of  the  cyhnder,  is  taken  out,  and  after  it  the  now  solid  cake  of  platinum. 
The  cake  is  heated  to  redness  to  drive  off  the  remaining  water  and  the  grease,  and 
raider  it  more  compact.  It  is  then  placed  in  an  air-furnace  having  a  yery  strong 
draught  and  fed  with  good  coke,  and  exposed  for  twenty  minutes  to  an  intense  heat, 
which  is  diminished  during  the  last  five  minutes.     In  the  fHrtiace,  the  cake  is  laid 

5  one  of  its  ends  on  a  plate  of  refractory  cla^  strewn  with  pure  sand,  and  placed 
indies  above  the  grate,  and  a  cylindrical  pot  is  inverted  over  it  in  such  a  manner 
as  not  to  touch  the  platinum  at  anv  point  The  cake,  while  still  red  hot,  is  taken 
ttom  the  furnace,  laid  down  on  one  of  its  bases,  and  struck  repeatedly  on  the  other  with 
a  heavy  hammer.  Should  it  bend,  it  must  not  on  anv  account  be  haiimered  on  lbs 
side,  as  that  would  break  it^  but  must  be  straightened  by  \rell-direeted  blows  on  ths 


ends.    When  the  cake  has  been  suflkiently  condensed  by  this  treatment,  it  ma^  V% 
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l>roi]ght  into  aoy  required  furm  by  heating  iind  bamioering.  just  like  any  otbn  dwUW 
mrtiJ.  If  the  platinam  bu  become  oorered,  while  is  the  fire,  with  fcarogtani 
•caloe,  it  mast  b«  ooat«d  with  a  moist  mixture  of  equAl  m«asii»«  of  bonr  mud  cma 
of  tartar;  heatrd  to  redness  in  an  lur-famiico  od  a  pUdnuin  trBj,  oretr  which  u 
earthen  pot  is  inverted  ;  and  immeraed,  while  atiU  hot,  in  dilate*  aulphuric  arid,  whidi 
diaaolrea  the  flax  in  a  few  bonrs. — The  specific  grarity  of  the  cake  (with  iti  ta. 
tcntices),  af^er  presaure,  is  about  lO'O;  after  stroDg  ignition,  from  17*0  to  17'7.  al^ 
hammering,  tll'25;  aftfrr  drawing  oat  into  thick  wire,  214;  and  after  drawing  out  iato 
rtty  thin  wire.  21-d.     (Wollaston.) 

Commercial  platinam  prepared  as  abore  described  is  never  quite  pnre,  alwa^ 
retaining  small  quantities  of  osmium  and  silieiiuo.  To  fVeo  it  from  th^ae  bainriiua 
and  at  the  same  time  to  render  it  mors  comptirt  and  free  from  pores.  DevtUc  ud 
Debray  fuse  it  by  means  of  a  hydrogen  or  coal-gas  flame  fed  with  oxygen,  is  th> 
limc'fumoce  represented  in  flgums  733,  784  (p.  312).  The  osmiam  is  then  drivcaitf 
as  osmic  tetrozide  and  the  silieinm  passes  to  the  state  of  calcic  silicate,  which  mebs  t> 
a  oolourlesi  bead,  and  is  ultimately  absorbed  b^  the  walls  of  the  furnace.  Izoo  sad 
eopper  also,  if  present  in  the  platinum,  are  oxidised  and  fi>mi  fusible  alaga,  which  sti 
abeorbed  by  the  limo. 

Berille  and  Debray  hare  likewise  introduced  the  following  new  proeesi  for  tiu  ex- 
tracUon  of  platinum  from  its  ores  in  the  dry  way.  A  small  rPTPrberatory  ftxmaee,  th» 
bed  of  which  is  composed  of  a  ht'tuisphericul  ca\-ity  of  fire-brick  lined  with  day,  u 
heated  to  full  redness,  and  a  charge,  consisting  of  2  cwt.  of  the  platinum  ore  mixMd 
with  an  equal  weight  of  galena,  is  added  in  small  quantities,  stirring  with  iron  rods  till 
the  platinum  and  lead  ores  have  combined  into  a  matt.  A  small  quantity  of  glaai  a 
thrown  in  to  act  as  a  flux,  and  by  degrees  a  quantity  of  litharge  is  added  eqoal  ia 
weight  to  the  galena.  The  sulphur  of  the  gslena  is  thereby  completely  oxidised  tod 
expelled,  whilst  the  lead  of  the  galena  and  the  litharge  is  reduced  to  the  m«talbe  Aat^ 
nnd  unitefi  with  the  platinum,  forming  an  easily  fusible  alloy.  On  learing  the  Bsked 
mnB9  at  rest  for  some  time,  the  osmide  of  iridium  (which  is  not  attacked  dang 
thn  opemtion)  gmdunlly  sinks  to  the  bottom  of  the  liquid  alloy;  the  upper  mitfaot 
of  the  plutiniferous  lead  are  then  cautiously  decanted  &om  it  by  iron  Udlee  od 
cast  into  ingot -moulds.  The  residue  ouotatning  the  osmide  of  iridium  is  addfdto 
a  iubtteouent  melting. 

The  platiniferouB  lead  Is  now  submittf^  to  cupelUtion  in  the  ordtnaiy  way,  and  tiM 
crude  metallic  platinam  left  after  cupelUtion,  is  refined  by  fusion  on  a  bed  of  lioeu 
above  dcscribeo.  The  platinum  thus  obtained  is  nearly  pore,  and  veaj  ductile  aDd 
malleable. 

An  alloy  of  platinnm,  iridium,  and  rhodium,  better  adapted  for  some  pmpmu 
than  pure  platinum,  because  it  is  harder,  bears  a  higher  temperature  without  fwi^ 
and  is  less  easily  attacked  by  chemical  reagents,  may  be  obtained  by  nmply  fiuni^  t)^ 
platinura-ore  in  the  oxybydrogen  flame  on  a  bed  of  lime,  with  a  quantity  of  lime  maal 
in  weight  to  the  amount  of  iron  in  the  ore.  Palladium  and  osmium  are  roUtihsed 
during  the  fusion,  while  the  copper  and  iron  ore  oxidised,  aiid  form  fusible  oompoonds 
with  the  lime.  Thn  melted  alloy  is  eithor  poured  into  water  to  granulate  it,  or  eaet  ia 
a  Tory  shallow  mould  of  gas-charcoal. 

Another  method  proposed  by  DeviUe  and  Debray  is  to  treat  the  platinum  ore  with 
nitromuriatic  acid,  decant  the  liquid  from  the  insoluble  osmide  of  iridium,  and  shiwly 
eraporate  tlie  solution  of  chloride  of  platinum,  palladium,  &c,  till  the  residue  begins ba 
decompose.  The  red  powder  thus  obtuio€*d  is  then  heated  to  redness  in  a  laise  oonnd 
crucible  of  earthenware  or  platinum  providr<d  with  a  neck  to  convey  the  ptam  ialo  a 
chimney.  When  the  cAlcinatJQD  is  finished,  the  platinum-powder  is  transftnvd  to  a 
wooden  bowl,  siid  wnsbed  in  the  some  mannrr  as  auriferous  earth  or  platinnm  ov 
itself.  The  dense  fihining  platinum-powder  which  remains  is  then  refined  by  fuioi 
in  the  limo  furnace  as  abure.     (Ann.  Ch.  Phys.  [3]  Ivi.  386 ;  Jahrftsb.  1859,  p.  252.) 

Properties, — Pure  platinum  when  forg^ed,  and  especially  when  refined  by  ZMrille  aod 
Debray's  process,  is  nearly  as  white  as  nlrer^  it  takesahigh  lustre  l^  polishing;  bai 
neither  taste  nor  smell ;  and  is  very  ductile  and  malleable.  A  platinum  wir«  2  milli- 
metres in  diamctt^r,  breaks  with  a  weight  of  121  kiluLrmmmes.  Pltttiunm  is  «oAf 
than  silrer,  but  it-:t  hnrdneas  is  much  increased  by  the  presence  of  tiaces  of  iridium ; 
perfectly  pure  platinum  is  about  as  hard  as  copper.  It  expands  by  heat  less  than  any 
other  metal,  and  in  ill  power  of  conducting  heat  and  electricity,  it  is  much  inferior  (o 
gold  and  silver,  and  very  near  to  iron  (ii.  467  ;  iii.  936).  Platioum  rv^«iista  the 
strongest  heiit  of  a  forge-fire,  but  may  be  fused  by  the  electric  current,  or  by  the  oxy* 
hj'drocen  blowpipe,  before  which  it  is  volatilised  and  dispezaed  with  scintiUaliost. 
Ae(y>rdiug  to  BeviUe  and  Ditbray,  it  absorbs  oxygen  in  the  fused  state,  and  if  mrittd 
in  considerable  masses,  spits  like  silver  on  rapid  cooling.  It  has  not  been  erystallissd 
artificially,  but  very  perfect  octahodrona  and  cubes  hnvo  been  found  in  the  uatirc  bcdt. 
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atinum  is  the  hwiTicst  of  nil  known  Mibsttinrw,  except   osminm  and  iridinm,  which 

I  equally  dense.     Its  specific  gravity  varies  acconliiig  to  the  miuintfr  in  which  it  has 
treated;  that  of  barnmerpd  platinum  is  21 '26:  of  plntinum  dravn  into  thidc 
wir«,   21*4;  and  aAer  drawing  into  very  thin  wire,  21*6  (Wollni<ton);  platuinm 
Bolidifird  from  fusion  has  a  density  of  21*16.     (Devil  le  and  Deb  ray.) 

PJatinum  posKsaes  a  rcmnrkable  power  of  causing  the  combination  of  oxygen  with 
hydrogen  and  other  combusfible  gaaea  (se<?  Cokbtjhtton,  i.  1092,  and  Contact- action, 
ii.  12).  This  property  ia  exhibited  «Ten  by  n  clean  mirfiice  of  platinam,  in  a  greater 
degree  br  pl&tinum  in  the  spongy  atat^  (p.  662),  and  roost  of  all  by  the  extrpmely 
divided  farm  of  the  metal  called  platinum-black.  The  metAl  may  be  obtained  in 
thia  form: — I.  By  diaaolring  platinoua  chloride  in  a  hot  and  concentrated  solntion 
of  potash,  and  pouring  alcohol  into  it  while  otill  hoi,  by  email  quautitiea  at  a  time  ; 
Tiolent  efferrescence  then  uccara  from  the  escape  of  carbonic  anhydride,  by  which  tha 
contents  of  the  Teasel,  unless  capacious,  may  be  thrown  out.  The  liquor  is  decanted 
from  the  blttL'k  powder  which  appears,  and  the  latter  boiled  aucceeaiTely  with  alodiol, 
hydrochloric  acid  and  potash,  ana  flnallr  foar  or  five  times  with  water,  to  direst  it  of 
ail  foreign  matters. — 2.  By  decomposing  a  hot  »olution  of  platinic  sulphate  with 
alcohoL — £.  By  bcilini^  n  eolation  of  plutinic  chloride  with  carbonate  of  sodium  and 
■ngar:  chlonde  of  sodium  is  thee  formed,  water  and  carbtmie  anhydride  are  produced 
by  oxidation  of  the  sugar,  and  the  platinum  is  precipitated  in  the  finejy-diriaed  state. 
— 4.  By  precipitating  the  metal  with  ainc  from  a  solution  of  plah'nic  chloride  con- 
taining eiceas  of  hydnwhloric  acid,  or,  according  to  Brunner,  by  digesting  metallic 
ainc  with  a  mixture  of  chloroplatinateof  ammonium  or  potassium  and  strong  sulphuric 
acid.— Platinum-btftck.  when  dried,  resembles  lamp-black,  and  soils  the  fingers,  hut 
etill  it  is  only  rat-'tjillic  platinum  extremely  divided,  and  may  be  heat«d  to  fall  rednesa 
without  any  change  of  appearance  or  properties.  It  loses  theae  properties,  however,  by 
the  effect  of  a  white  beat,  and  assimiea  a  metallic  aspect.  Flatinnm-black,  like  wood 
charcoal,  absorbs  and  condenses  gaaes,  in  its  pores,  with  evolution  of  heat,  a  property 
which  most  assist  its  acriun  on  oxygen  and  hvdrogen.  although  probably  not  emential 
to  that  action.  "\Mit*n  moistened  with  alcohol,  it  aetermines  the  oxidation  of  that  sub- 
vlance  in  air,  and  the  formntion  of  acetic  acid;  and,  in  a  similar  manner,  it  conrerta 
wooil-epirit  into  formic  add- 

Platinum  does  not  oxidise  in  the  air  at  any  temperature.  It  is  not  attacked  by  any 
aingle  acid ;  but  nitriymuriatic  acid  dissolTea  it,  though  slowly.  If  heated  to  redness  in 
the  air  in  contact  with  caustic  alkalit  or  alkaline  earth*,  especially  with  hydmtr*  of 
lithium  or  barium,  it  is  corroded,  in  consequence  of  the  formation  of  no  oxide  which 
unites  with  the  alkali ;  it  is  also  attacked  at  high  temperatures  by  acid  tulphate  oj 
^toMium. 

^wogy  pliitinum  unites  with  tnilyhur  whtn  the  two  are  hcatfd  together  somewhat 
strongly;  hammered  platinum  is  but  very  slowly  attacked  by  sulphur.  PhoapKorus vm^ 
arsentc  easily  unite  with  spongy  platinum  when  heated  with  it,  forming  very  fusible 
eompotnnds.  When  an  organic  substance  couUitiiing  phosphorus — cerebral  matter  for 
example — is  burnt  in  a  platioTim  crucible,  phosphorus  is  set  free  and  unites  with  the 
platinom.  forming  a  yeiy  fusible  phosphide,  so  that  the  crucible  sometimes  becomes 
pcrfonited.  Chlorine  is  very  pIowI}-  RbfiorlSed  by  platinum  ;  iodine  and  bromine  hare  no 
action  upon  itv  A  mixture  of  silica  and  cbiircoal  easily  attacks  platinum  at  high  tem- 
pcruturea  by  furming  a  silicide  of  platinum :  hence  platinum-crucibles  must  never  be 
jJaced  in  direct  contact  with  a  coke  or  charcoal  fire,  but  always  enclosed  in  an  earthoa 
crucible  eontuining  nmgne'^ia. 

Uses, — Theunalt^'rHbility  of  platinum  at  high  tempeniturea,  and  its  power  of  resisting 
the  action  of  must  chemical  agent-o,  render  it  extremely  useful  for  the  construction  of 
crucibles,  e vapora ring  dish ts,  forcpps  for  blowpipe  nxperimentH,  &c.  Large  platinum 
tttillii,  sometimes  -wt-ighing  more  than  100(1  ounces,  are  used  for  the  concentration  of 
oil  of  vitriaL  Th^'y  are  gilt  on  the  inner  surfaces,  because  without  this  coating,  plati- 
num prfpar&d  by  WijUmiti>n'ft  method  soon  becomes  t*uffleiontly  porous  to  allow  the 
transudation  of  the  acid.  An  attempt  waa  made  in  Russia  to  use  platinum  for  coinage, 
but  it  wiui  not  found  ronvenient,  Platinum  ia  sometimes  osad  ior  the  touch-boles  of 
fowling-pieces.     {Miller's  FJetnents  of  Ckrmstry,  ii  828.) 

Conipttunds  uj  Plat^tmm, — Platinum  forms  two  series  of  compounds,  the  plattnoua 
compounds  in  which  it  is  diatomic,  e.9.  PtCl',  PtO.  &c.,  and  the  plntinic  compounds 
in  which  it  is  tetratomic,  e.g,  PtCl*,  ItO',  &&•  It  shows  but  little  tendency  to  form 
BJiltfi  willi  ojtytf('D-acid«. 

PlfcATUTUTiK,  A^iiOTS  OF-  Platinum  unites  with  most  other  meiola,  forming 
ulloys  which  are  fnr  the  most  part  more  fusible  than  pUtinum  it^f :  hence  platinnm 
crucibles  must  nerer  be  used  for  fusing  other  metals  in,  or  even  for  igattiog  the  oxides 

•  Accordioft  to  (he  elder  ilnmk  wri^hl  of  platiiiuTn,  5W-7,  arfo;<tMi  ir  tkr  earlier  pArt  nf  thi«  work 
(i.  465),  Lbs  uittUl  wu  f egudwl  lu  mocuUuaic  m  Ilia  platinuua,  oud  diitt>uttc  in  Uie  pUuiU4  coopouads. 


i 


666 


PLATINUM:    ALLOYS. 


of  th«  moro  ftuiblo  metaUr  such  u  Irwl  aod  biomuth,  whose  oxides  vn  eunlj  n^acad 
by  contiict  witli  carboniceous  matter. 

1  pt.  of  Bpoogy  plMtiDum  united  easily  with  3  pU.  of  p«lT«ri«(^  antimony,  th*  omu- 
binfttioD  beias  attended  with  rind  lacaodeaceace ;  and  whf^n  the  t«mpentarr  n 
furthfr  raisMl,  the  oompoand  f^ues  into  «  rtwl-mey,  bnttlf,  Une-gimiBfld  tlloT 
(OehleaX  Virid  incandMcencfl  is  likewiM  prodntwa  by  wrapping  ftntimony  in  thin 
platiaum-foil,  and  beating  it  before  thn  blowpipe  (Murray,  Edtnb.  Phil.  J.  vr.  203). 
The  alloy  wheo  famted  in  the  air,  eives  up  ita  aaUmony  almost  wboUjr,  and  lnn« 
malleable  pUtinam.     (Fox  Ann.  Pnil.  ziii  467.) 

UK)  ptfl,  of  spongy  pliitinum  hf^atod  with  ^xceai  of  ora^nic,  yield  173*6  pta.  of  ari»> 

'  oido  of  plfitinum,  the  combination  being  att«Dded  with  ririd  combiivtion.    Whea  plati- 

[  Bum  iM  IieHted  with  Hrsonious  oxide  and  carbonate  of  ao^lium,  arsenide*  of  pUtinorn  and 

r«««oat«i  uf  sodiiim  are  formed.     Arsenic  wrupped  ap  in  platinum-foil,  lik**wis«*  exhihila 

Tvivid  combiiation  boforo  tbd  blowpipo  (Murray).     The  all uy  ia  brittle,  tuad  tmgiU 

ikidble.     When  it  is  heated  in  the  air  fur  some  *.iroe,  at  a  ooDiinaally  incrp«aiQg  l«tn- 

perature.  bat  not  sufBcicot  to  mrlt  it,  the  arftenie  gradually  boms  away,  and  leaw  a 

porous  residue  of  pUtinum  in  a  atut^"  fit  for  working. 

Pliitinum  htutcd  with  ao  equal  weight  of  imrium  bf^fore  the  oxy- hydrogen  blow|»pr 
melts  to  a  bronu>-ooloured  alloy,  which  in  the  coune  of  24  hours,  deoompoa*^  aod 
IfAws  a  n».Mish  powvlor.     (Clarke,  Gi!b.  Ann.  bcii.  372.) 

I  pt.  of  spongy  pliitinum  and  'i  pts.  of  btJimutk  heat*^  ti^grther  combine  rmdily.bvt 
without  rinible  combustion,  and  form  a  bluish-grfy,  brittle,  eoxily  fusilUo  aUoy.  bannc 
a  Uminotfd  fracture  (Oehlen).  When  this  alloy  n  fused  at  a  modt-nte  neat,  thp 
two  mptttla  separate  partially,  according  to  tbt^ir  dmiMtiea,  When  it  is  stmngty 
ignittni  in  a>ntact  with  air,  the  greater  part  of  tlie  bismulh  burns  and  forms  »  riLivwn 
oxide,  till  the  residue  is  no  longer  fiu>ible. 

PUtinnni  hcatrd  with  atdmium  till  the  excess  of  the  latter  is  volatilised,  fomos  a  «ilr«e> 
white,  r<  ry  brittlo,  fine-grained  alloy,  refractory  in  the  fire  and  containing  48*02  ^ 
cent  platinum  and  54-68  cadmium,  therefore  nearly  PtCd*  (Stroroeyer.) 
I  With  copper^  platinum  does  not  combine  below  a  vhit4>  heat.  Equal  weichts  of 
pluUnuro  and  copper,  heated  together  in  the  oxy-hydrogeo  blowpip<*  fiame,  yield  a  pule 
yrtluw  alloy  hanng  the  colour  und  specific  gravity  of  gold,  extensible,  eaaily  attackM 
by  the  file,  and  tarnished  by  exposure  to  the  air  (Clarke).  An  alloy  of  26  pts.  topper 
and  1  plHtinnm,  is  mallf'able.  rose-coloured,  and  'exhibits  a  fine>grained  frsotsn^  Ttw 
alto^-s  uf  copper  and  pUtinum  take  a  fine  polish  and  are  sometimes  used  &rthe  Bnmm 
of  lelcscop(*8. 

7  ptfi.  of  platinum  and  3  gold  form  an  alloy  infusible  in  the  strongest  bl&st-funiaea 
Alloys  contJiining  a  larger  proportion  of  gold  fuse  at  that  degree  of  heat  i  Pri  ntepV 
2  pt«.  platinum  and  1  gold  form  a  brittle  alloy.  1  pt.  platinumand  1  gold  form  mtvj 
mulleaole  alloy  having  nearly  the  same  colour  as  gold.  The  alloy  of  1  pL  pbttinoin 
and  9'6  gold  has  the  colour  of  gold  and  the  density  of  platinum  (Clarke).  1  pi. 
platinumand  11  gold  form  a gr^sh-white alloy, like  tarnished  silver.     (Hatchett.) 

The  alloy  of  pUiinum  and  iridium  has  been  already  described  (iii.  317);  aI*othe 
alloys  of  plntinum.  iridium  and  rhodium  obtained  by  fusing  platinum-ora  (iv.  664). 

The  alloys  of  platinum  and  iron  are  described  under  Ibon  (iti.  369). 

Lead  unites  very  easily  with  platinum.  Melted  lead  poured  into  a  platinum-rnd- 
ble  dissolres  a  portion  of  the  platinum.  Lead  wrapped  in  platinnm-fuil  ^xltibits 
incandescence  when  heated  (Murray).  1  pt  of  spongy  platinum  and  2'"  of  Imu! 
heiit«d  to  rednr«s  tt^ether,  combine  without  visible  combustion,  and  form  an  easily 
fu.^ble  compouad,  which  hfl.*i  the  colour  of  bismuth,  splits  under  the  hammer,  snd 
exhibits  a  fibrous  fracture.  The  alloy  of  1  pt  platinum  and  2  pta.  lead  is  soraewhst 
more  brittle  (Qehleo).  An  alloy  containing  equal  quantities  of  the  two  metali*  hasa 
purple  colour  and  stjiated  surface,  and  is  bard,  brittle,  exhibits  a  granular  frttCloK^ 
and  is  altered  by  exposure  to  the  air.  When  these  alloys  are  heated  to  recess  in  ths 
sir,  only  part  of  the  lead  separates  fWim  the  platinum,  the  separation  going  on  iud«ed 
only  BO  long  as  the  allov  remains  fusible. 

The  compounds  of  platinum  and  mrrcury  have  been  already  described  (iii.  888). 

Kquol  parts  of  platinum  and  md^bdniurn  yield  a  hard,  brittle,  8hap»>lMs  lump 
having  a  light  grev  colour  and  meltdlic  lustre.  4  pts.  platinum  and  I  pt.  molybdenum 
form  a  hnra,  brittle,  bluish-grev  alloy,  having  a  gninular  fracture. 

Equal  parts  uf  platinum  and  nickel  placed  upon  a  piece  of  chuoosl  burning  in  a 
strt'sm  of  oxygen,  unite  quiddy,  and  form  a  pale  yellowiph-white  alloy,  perf^^y 
malleable,  susceptible  of  a  high  polish,  equal  to  copper  in  fusibility,  and  to  nickel  in 
magnetic  power.     (Lampadius.) 

Equal  parts  of  platinum  and  palladium  unite  somewhat  below  the  melting-point  of 
the  latter,  forming  a  grey  alloy  as  hard  as  wrought  iron,  biring  a  specific  gravily  of 
16*141,  less  duct-ilotfaan  the  alloy  of  palladium  and  gold.     (Chenevix.) 
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With  potattium,  platmnm  unites  readily,  exhibitiog  incandescence  and  forming  m 
diining,  brittle  alloy,  which  bums  vhen  heate<r  in  the  air,  and  is  decomposed  bj 
wateTi  with  formation  of  black  scales,  usoally  regarded  as  a  hjdride  of  pLatinnm. 

SUtfer  unites  with  platinum  in  all  proportions.  A  very  small  quantity  of  plattnum 
fendezfl  silver  hard.  Hot  oil  of  vitriol  dissolves  out  the  silver  from  the  alloy,  and 
leaves  the  platinum.  Kitric  aci&  always  dissolves  a  certain  quantity  of  platinum 
feoeeliier  witn  the  silveiv  and  with  a  certain  proportion  of  silver  the  alloy  is  completely 
•oluble  in  nitric  acid. 

The  alloy  of  platinum  and  aodium  resemUee  that  of  platinum  and  potassium. 

Tin  and  platinum  fused  tc^ether  in  equal  parts  form  a  dai^-coloured,  hard,  brittle^ 
tolerably  fusible  alloy,  having  a  coarse-grained  structure.  A  very  definite  alloy  of  tin 
and  platinum  having  the  composition  Ft*Sn*,  is  obtained  by  melting  1  pt  pUtinnra 
with  10  pts.  tin,  leaving  the  mass  to  cool  slowly  and  treating  it  with  hydrochloric  acid, 
which  dusolves  out  the  excess  of  tin,  and  leaves  the  alloy  in  beautiM  geodes,  lined 
iR^thcubic  crystals,  or  rhomboliedrons  having  their  angles  veiy  near  to  90*^.  (Beville 
andBebray.) 

Zmo  appears  also  to  form  a  definite  alloy  with  platinum,  analogous  in  composidon 
to  the  preceding  and  obtained  in  like  manner.     (Deville  and  Debray.) 

or.    (See  p.  666.) 
or.   (3ee  p.  666.) 

r&ATXWnBK»  BOBZBB  or«  Platinum  heated  with  borax  and  charcoal,  melts 
Into  a  hard,  brittle,  somewhat  crystalline  mass,  which  when  dissolved  in  nitromuriatio 
add,  leaves  a  residue  of  boric  acid  (Descotils,  Ann.  Chim.btvii.  88).  Boron  heated  on 
platinum-foil  before  the  blowpipe  immediately  combines  with  the  metal,  forming  a  silver- 
white  fusible  compound.  The  same  compound  is  likewise  obtained  by  melting  spongy 
platinum  with  boron  under  a  layer  of  borax  (Deville  and  Wohler).  Bonde  of 
platinum  is  easily  pulverised ;  it  is  but  slowly  attacked  by  nitiomuriatic  acid.  Its 
composition  appears  to  be  PtB.     (Martins.) 

rXftATZOTM,  BSOaczsa  or.  The  only  bromide  of  platinum  known  is  the 
tctrabromidef  PtBr*,  which  is  a  brown,  deliquescent  compound,  obtained  by  dissolving 
platinum  in  a  mixture  of  hydrobromic  and  nitric  acids,  and  evaporating  at  a  gentle 
neat  It  unites  with  the  more  basic  metallic  bromides,  forming  double  salts  called 
bromoplatinates,  having  the  composition  M*PtBr*  =«  2MBr.Pt"Br*  and  M''PtBr*  - 
H'^r'.Pt'^Br*.  The  potasiium-Balt  Bep&r&tfre  from  a  mixture  of  the  solutions  uf  tJhe 
component  bromides,  oy  spontaneous  evaporation,  in  regular  octahedrons  and  cnbo-octa- 
hedrons  of  a  red  colour;  it  is  sparingly  soluble  in  water,  insoluble  in  alcohol. — The 
sodtum-salt  prepared  in  a  similar  manner,  cryBtallises  in  dark-red  prisms,  permanent 
in  the  air,  easily  soluble  in  water  and  in  ailcohol. — The  barium-,  calcium-^  magnesium", 
manganese-,  and  zinc-aa/ts  also  crystallise  in  dark-red  prisms.  (Bonsdorff,  Pugg. 
Ann.  ziz.  344 ;  xzxiii.  61.) 

rXiATDnnOf  CABBXDB  or.  This  compound  is  obtained  by  boiling  platinie 
chloride  with  tartaric  acid,  or  by  calcining  certain  organic  platinumHsalts  at  a  moderate 
heat  It  is  black,  insoluble  in  water,  decomposible  by  nitromuriatie  acid,  which 
dissolves  the  platinum  and  leaves  the  carbon. 

r&ATmwc,  CK&ORI9BB  Or.  Platinum  forms  two  chlorides,  namely,  a 
di-  and  a  tetrachloride. 

IHebloride  of  Plattnamor  riatlaoas  cnilorldet  PtCl*.  {Protoehloride,  ac- 
cording to  the  older  atomic  weight  of  platinum.) — ^Tbis  compound  is  prepared  by 
disBolving  platinum  in  nitromuriatie  acid,  evaporating  to  dryness,  ana  cautiously 
heating  ue  residue  in  an  oil-bath  to  200°,  till  it  becomes  insoluble  in  water.  It  is  a 
sreeniM-brown  solid  body,  permanent  in  the  air  at  ordinary  temperatures,  but 
blackening  on  the  sur&ce  by  long  exposure  to  light  It  is  insoluble  in  water,  nitric  acid, 
and  sulphuric  acid,  but  dissolves  completely  in  hydrochloric  acid^  as  dichloride  if  pro- 
tected from  the  air,  as  tetrachloride  if  the  air  has  access  to  it  The  solution  of  the 
pure  dichloride  has  a  dark  brown  colour,  gives  with  potash  a  dark  brown  precipitate 
of  platinons  hydrate,  and  with  ammonia  a  green  ctystalline  precipitate  of  diammonio- 
platinous  chloride,  K^H^PfCP,  insoluble  in  cold  water  and  in  alcohol  (see  Platuotk- 
basks).  PlatinouB  chloride  dissolves  in  caustic  potash  or  suda,  and  alcohol  added  to 
the  solution  throws  down  the  whole  of  the  {>latinum  as  platinum-black  (p.  664).  It  is 
completely  reeolved  at  a  red  heat  into  chlorine  and  platinum. 

If  the  heating  of  the  pUtinic  chloride  be  discontinued  before  half  the  chlorine  has 
been  driven  off,  the  rosidue  dissolves  in  water,  forming  a  dark  brown  solution  supposed 
by  Magnus  to  contain  plat inoso-p la tinic  chloride.  On  evaporatius  this  solution, 
platinons  chloride  separates  as  a  brown  precipitate  more  soluble  in  hyw^'^hloric  add 
than  the  original  green  compound,  imd  regarded  by  Berzolius  aa  a  ^e(:xv\iia\ixj&^&);:AX}uji^ 
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Chloroplatinites. — Platmoua  chloride  unites  with  the  more  Imfflc  metallic 
cbloridpB,  forming  double  ealU  repreeented  bj  the  fonnnla  M'PtTCI*  »  2MC1J^''CI' 
and  M'Pt' a*  -  JTCPJ^fCl*. 

ChioroplaUnite  of  ammoniuTii,  (NH*)'Pt''Cl\  ia  produced  by  adding  sal-ammoniac  to 
a  solutioD  of  platinoufi  chloride  in  hydrochloric  acid,  and  crystalliees  by  eraporation  in 
red  four-sided  prisms. 

Chlor&pltUinUe  of  Barium,  Ba'TfCl^-SHH),  ia  obtained  by  saturating  a  solution  of 
platinous  chloride  in  hydrochloric  acid  with  carbonate  of  barium,  and  ctyatallises  by 
spontaneous  eraporation  in  dark  red  four-sided  prisms,  easily  soluble  in  water, 
sparingly  in  alcohol  of  90  per  cent  It  appears  to  gire  off  only  2  at.  water  at  100°. 
The  stuution  mixed  with  ammonia  depositii  the  green  salt  of  Magnus  (p.  674).  (J. 
Lang.  J.  pr.  Chem.  Ixzxri.  126 ;  Jahresb.  1863,  p.  230.) 

CmoroptaiiniU  of  Laid,  FbTt"Cl*,  prepared  like  the  sUrer-aalt  (fn/ra)  resermbln 
the  latter  in  appearance,  is  insoluble  in  cold  water,  and  is  decomposed  by  boiling 
water.     (Lang.) 

Chloroplatinite  of  Potataium,  K'Pt^Cl*,  prepared  like  the  anunomQm-sall^  also  iarma 
red  four-sided  prisms,  moderately  soluble  in  water,  insoluble  in  alcohol. 

ChloroplatiniU  of  Silver,  Ag'PfCl*,  separates  on  mixing  a  solution  of  the  potaasittiB- 
salt  with  nitrate  of  silver,  as  a  light  red  precipitate.  It  is  insolable  in  water,  bladums 
when  exposed  to  light,  and  gires  up  all  its  platinum  to  warm  hydrochloric  add.  Am- 
monia first  dissolrea  out  the  chloride  of  ailver,  and  leaves  a  yellow  substance  which 
gradually  dissolves  in  a  large  quantity  of  ammonia,  forming  a  oolonriess  solaticm 
which  when  left  to  evaporate,  deposits  a  yellow  powder  and  ookmriess  prisms. 
(Lang.) 

The  sodium-wltt  Na'Pt'CI',  is  soluble  in  water  and  in  alcohol,  and  difficult  to  crys- 
tallise. 

Stannous  chioroplattTiites. — Platinous  chloride  forms  with  stannous  chloride  two 
double  salts,  which  are  obtained  by  dissolving  stannous  chloride  in  a  solution  of  plati- 
nous chloride  in  hydrochloric  acid,  and  evaporating,  the  one  or  the  other  being  formed 
according  to  the  proportions  in  which  the  salts  are  mixed.  That  which  contains  the 
smaller  proportion  of  stannous  chloride  is  a  crystalline,  olive-zreen,  deliquescent,  saline 
mass ;  that  containing  the  larger  proportion  of  stannous  chloride  is  red ;  both  are 
alighUy  soluble  in  water,  and  are  decomposed  by  dilution  with  water.     (Kau&) 

Chloroplatinite  of  Zinc,  Zn"Pt''Cl\  is  formed  according  to  HunefeM,  when  sine  is 
immersed  in  an  aqueous  solution  of  platinic  chloride.  It  forms  small,  hard,  shining, 
yellow  crystals,  sparingly  soluble  in  cold,  more  soluble  in  boiling  water,  and  precipitated 
by  alcohol. 

TetraoUortde  of  PXatbtiun  or  VlKtlnU  ClUoride,  Pt'^a*.  {DieUoridr, 
according  to  the  old  atomic  weiffht  of  platinum.) — This  compotmd  is  obtained  by  dis- 
solving platinum  in  nitromnriatic  acid  and  evaporating  the  solution  over  the  water-bath. 
It  then  remains  as  a  brown-red  mass,  which,  if  pure,  dissolves  in  water  and  in  alcohol 
with  reddish-yellow  colour;  generally  however  it  is  red,  owing  to  the  presokee  of  a 
small  quantity  of  iridium.  IT  more  strongly  heated,  it  gives  (^  chlorine  and  kavw 
first  platinous  chloride  and  then  metallic  pUtinum. 

The  solution  of  platinic  chloride  gives  with  potash,  ammonia,  and  their  salts,  a  yellow 
crystalline  precipitate  of  chloroplatinate  of  potassium  or  ammonium,  sparingly  soluble 
in  ^mftter,  insoluble  in  alcohol.  When,  however,  dilate  aqueous  ammonia  is  added  in 
excess  to  an  8(jueous  solution  of  platinic  chloride  too  dilute  to  yield  a  precipiiata  of 
the  diloroplfttmate,  a  pale  yellow  powder  is  precipitated  after  a  while,  conautiDg  of 
N'H'Pt"Cl*  (see  I^tikttm-basbs).  Caustic  soda-solution  forms  no  precipitate  in  the 
ruld,  but  on  warming  the  solution  a  brownish-yellow  precipitate  is  formed  consisting  of 
platinate  of  sodium. 

Su/pkydric  acid  produces  in  a  solution  of  platinic  chloride,  at  first  only  a  brown 
coloration,  afterwards  a  brown  precipitate  of  platinic  sulphide. 

Sulphide  of  ammonium  produces  the  same  precipitate,  but  redissolves  it  iriten  added 
in  excess. — Iodide  of  potassium  colotirs  the  solution  brown-red,  and  precipitatn  l»tjwa 
platinic  iodide. — Stannous  chioride  colours  the  solution  brown-red. — Mercuric  nitmts 
forma  a  copious  reddish-yellow  precipitate. — Mercuric  cyanide  forms  no  pncipitat^ 
thtreby  anording  a  distinction  between  platinum  and  palladium  (p.  328).  Flatinan 
is  not  BO  easily  reduced  to  the  metallic  state  firom  its  solutions  as  gold. — Zimc  throws 
down  mitallic  platinum ;  so  likewise  does  formic  a4:id  on  heating,  if  the  free  acid  b» 
iKutraliiied  with  carbonate  of  sodium,  but  the  reduction  is  not  e&led  hy  ferrous  nrf- 
phait  or  oxalic  acid. 

A  compound  of  platinic  chloride  with  nitric  oxide,  said  to  contain  6(PtCl*.H"C7l'V 
4NO.10H'O.  is  produced,  according  to  Boye  and  Bodgers  (FhiL  Hag.  Kov.  1640, 
Tt.  Z'^'i\  \>^'  \v\\x\iv^  dr;j  platinic  chloride  with  a  large  excess  of  nitromuriatic  acid :  Uks 
ujiuA  e\a\)Oia\«dk\o  a  vjTM^  ^<&^o&\\a  >kA  ocnK^MoA  «&  «.  ^dknr  ciystaUiiie  powdi^ 
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irhich  d(K^  not  giT^  off  viitcr  at  lOO*',  bat  in  contAct  with  WAt«r,  b  revolreJ,  witlt 
efferv<*8C4>nce,  iutu  it^  cuiuLituentA. 

Chloroplatinatea,  M«Pl''CI«  -  2MCLPl"Cl«  and  Mlt^'a*  -  M'ClMVCl*. 
— PUtinic  chloride  unites  with  other  metallic  chloridtfl,  fomiing  a  daBS  of  «flU-d«Anod 
double  Bidt«,  lunon^  which  the  potaasiam-  and  ammonium-iMUtfl,  on  aocount  of  thi*ir 
spariog  solubility  in  w&t«r  and  insolnbilitj  in  alcohol,  arc  of  especial  importaace  in 
analyna,  affording  the  means  of  sepaniting  and  estimating  pUtiutun  on  the  one  haud, 
and  potastnum  and  nramunium  on  the  other. 

CiioropiatinaU  of  Ammoniuni  or  Pfattnumsal-ammoniac,  (NH')'Pt"C1*,  is  precipi- 
tated H8  a  hiary,  lemon-jcUow,  cryatalline  powder  on  mixing  a  solution  of  pUtioie 
rhloride  with  sal-ammuniac,  and  crystalliBca  on  cooling  from  a  hot  oqueoue  solation  in 
regular  octahedrons.  Wben  ignited  it  lenves  metallic  platinum  in  the  «poo|2T  otate. 
It  is  bnt  slightly  soluble  in  cold,  more  soluble  in  hot  water ;  very  slightly  solublr  in 
cold  ti»i<tfr  containing  ammonia,  ubnndfintly  at  the  boiling  heat  (Freseniua,  Ann.  Ch. 
Pharm.  Hx.  118).  A  cold  coiicentxattHl  solution  of  sal-ammoniac  precipitates  it  almuvt 
complet'^lT  from  its  aqueous  solution,  but  a  hot  solution  of  that  salt  dissolves  it  raurti 
ubuofliintly  than  pure  water,  and  the  solution  depodits  a  costing  of  platinum  ou 
copper  and  brass  when  they  are  boiled  in  it  for  a  few  stvouds  (B<ittger).  At  IA° — 
20^  it  dissolves  in  26.635  pts.  aicohoi  of  97-6  per  cent. ;  in  1,406  pts.  alcohol  of  75  par 
cent,  and  in  66&  pts.  alcohol  of  6fi  per  cent. ;  but  if  fre«  hydrochloric  acid  is  present, 
the  salt  dissolves  in  672  pts.  alouhol  of  76  per  cent,  at  the  same  tempemture 
(Freienius).  It  disaolrea  easily,  witli  decompotfition,  in  a  warm  aqueous  aolutiuu  uf 
foiamc  MidphocrfanaU.    (CI  a  us.) 

WoTCjtlatinaU  of  Barium,  Ba*'Pl''Cl*.4HK),  crystallises  in  orange-yellow  priwras 
n*4('mbling  chromate  of  lead  (Bonsdorff,  Pogg.  Ann.  xfii.  261). — The  ca^J«M/«•«i/^ 
Ca'PfCl*.  hiw  been  already  described  (i.  1114).— The  m/ciMJa-faW,  CVPl"Cr«H'<), 
ciystallises  with  difficulty ;  when  laid  on  bibulous  paper  it  decomposea,  chloride  of 
calcium  deliquescing  out,  and  platinic  chloride  remaining. — The  cadmium-t  cobaJi-^ 
otpprr-t  magneMum-^  manganMf',  nickel',  and  ginc-talu  are  i>wmorphoua,  cryatallias  in 
rhombohedroDS,  and  are  all  included  in  the  general  formula  M"Pt'*Ci'.6ilK). 

Chloroplatinaie  of  Ptta»sium,  K^Pf'Cl*,  sepitrates  on  mixing  a  solution  of  platinic 
chloride  with  chloride  of  potassium,  in  yellow  crystalline  grains  baviog  the  lunn  of 
the  regular  octahedron.  It  is  not  completely  reduced  by  simpls  ignition,  but  when 
ignit«d  with  oxalic  acid,  or  in  a  stream  of  bydrogon,  it  is  completely  molved  into 
(Florida  of  potAnsium  which  may  be  diasulvod  out,  chlorioe  whicn  goes  off  ss  hydro- 
chloric acid,  and  metallic  platinum.  The  salt  is  sparingly  soluble  in  water,  iusolublu  or 
nearly  so  in  alcohd.  Its  solubility  in  water  at  variomi  temppratures,  logefher  with 
the  solubilities  of  the  corresponding  caesium-  and  rubidium-nalts,  as  detenuiniii  bv 
Kirchhoff  and  Sunsen  (Pogg.  Ann.  cxiii.  372),  is  given  under  Ca£5iuh  i!.  IIH). 
It  dissolves  at  15*=*— 20°  in  12,083  pts.  alcohol  of  97'5  per  cent,  in  3,776  alcohol  of  76 
per  cent,  and  in  1,063  pts.  alouhol  of  56  per  cent. ;  but  if  a  smull  quantitv  of  froc  hy- 
drochloric acid  is  present,  it  dissolves  in  1,836  pta.  alcohol uf  70  percent.  (Fresenius, 
loc,  ciL).  It  is  slightly  soluble  in  acidt,  dissolves  with  yellow  colour  in  caustjc putash, 
but  is  insoluble  in  alkaline  carbonates.     fH.  Rose.) 

ChluroplaXinaU  of  Rubidium^  Rb*Pt'*Ci'. — Platinic  chloride  ftjrms  in  Bolulions  cf 
rubidium,  especially  st  the  boiling  heat,  a  light  yellow,  heavy,  pulverulent  prc<;ipittite. 
whicn  appears  under  the  microscope  to  be  composed  of  trananuri*nt,  shining,  regular 
cwtubedrons.  It  is  quite  insoluble  in  aloohol,  and  much  leas  wAubto  in  wiiti^r  than  thu 
piHajisium-salt.  It  is  decomposed  by  hydrown,  partially  even  in  thu  cold,  and  (tJRi- 
pletely  at  a  red  heat,  yielding  a  mixture  of  duoridv  of  rubidium  and  metallto  platinum. 
(Bunsen.) 

CUoroplatinate  of  Sodium,  Na'rt**Cl*.6H*0,  cryaUlUscs  ia  LranspATsnt,  light  yellow 
prisms  easily  soluble  in  water  and  in  alcohol. 

A  compound  of  platinic  chloridt  with  vlatinut^  of  calcium,  rtClV(i*Pt'*0',  is  pri>- 
duci-d, according  to  Dubcreiner,  by  cxpt^Riug  the  ohloridu  mixed  with  milk  of  linto  and 
a  larga  quantity  of  lime-water  to  sunhhino,  as  a  wbita  precipitatv  which  turns  yellow- 
ish on  boiling. 

P&ikTU UM,   CTA9X9BB   OF.     (Sec  Ctaxidm,  ii.  20O.) 

r&ATSnnV,    SSTSCTXOK    AITD    SBTXlOATXOir    or*—!.  Blowvipa 

rfac£iond.— All  plutiDum-compouiids  are  rc<iuced  to  upongy  platinum  in  ths  tonar 
flame ;  none  of  them  give  any  coloura  to  borax  or  mtcroooamio  smI.  Tbs  spongy  plati- 
num cannot  be  fuaed  into  a  globule  before  the  bl(>w|iipo. 

2.  Reaeiiont  in  5o/u/iom.- Platinum  utinuNt  slwnyii  ocount  in  •oluliim  in  tba 
form  of  tetrachloride,  the  reactions  of  which  liavo  hpm  already  dotaUcd.  Holutions 
of  platinic  oxygen-aalts,  the  Hulpbatn  and  nitrstr,  for  example,  rihibit  for  th« 
most  part,  the  same  reactions;  with  potask  or  mmmoHtQ  howsvrr,  they  fcnn  a  yellow- 
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browQ  precipitate,  and  mihehloride  ofpotMsium  or  ammonium,  a  elig^t  y^ow  pi«dpi- 
tate  of  chloro-platinate  after  some  time  only. 

Solutions  of  platinoQs  ealtSt  ^-ff-  the  solphate  and  nitrate,  and  ihe  doable  salts  of 
plattnous  chloride,  are  distinguished  from  those  of  platinic  salts  by  giving  no  precipi- 
tate with  Bal-<tmmontaeoT  vith  potash.  With  carbonate  o/potasnum  or  todium  they  form 
a  brownish  precipitate.  Ammonia  added  to  the  solution  of  platinous  chloride  in  hydro- 
chloric acid  throws  down  a  green  crystalline  precipitate  (p.  667);  carbonate  of  unmonium 
fonoB  no  precipitate.  With  tuiphydrie  add  and  sulphide  of  amTnonium,  platixx>iis  sol«p 
tions  form  a  black  precipitate  soluble  in  excMS  of  the  ammoniam-sulphide. 

3.  Estimation  and  Separation. — For  qnantitatiye  estimation,  platinum  is 
usually  precipitated  from  its  solutions  in  the  form  of  chloroplatinate  of  ammonium.  The 
acid  solution  of  platinum,  after  sufficient  concentration,  is  mixed  vith  avexy  strong  solu- 
tion of  sal-ammoniac,  and  a  sufficient  quantity  of  strong  alcohol  is  added  to  render  the 
precipitation  complete.  The  precipitate  of  chloroplatinate  of  ammonium  is  then  washed 
with  alcohol,  to  which  a  small  quantity  of  sal-ammoniac  has  been  added,  and  thea 
heated  to  redness  in  a  weighed  porcelain  crucible,  whereupon  it  is  decomposed  and  leaves 
metallic  platinum.  Great  care  most  however  be  taken  in  the  ignition  to  prevent  loea, 
as  the  evolved  vapours  are  very  apt  to  carry  away  small  particles  of  the  salt  and  of 
the  reduced  metaL  The  brat  mode  of  avoiding  this  source  of  error  is  to  place  tha 
precipitate  in  the  crucible  enclosed  in  thefilter^  and  expose  it  for  some  time  to  a  mode- 
rate heat,  with  the  cover  on  the  crucible,  till  the  filter  is  charred,  and  then  to  a  some- 
what higher  temperature  to  expel  the  chlorine  and  chloride  of  ammonium.  Tha 
crucible  is  then  partially  opened  and  the  carbonaceous  matter  of  the  filter  burnt  away 
in  tlie  usual  manner.  When  these  precautions  are  duly  observed,  not  a  particle  of  pla- 
tinum is  lost.  Iniitead  of  igniting  the  the  precipitate  and  weighing  the  platinum,  the 
precipitate  is  sometimes  collected  on  a  weighed  filter,  dried  over  Sie  water-bath  and 
weighed ;  but  this  method  is  less  accurate,  because  the  precipitate  always  contains  an 
excess  of  sal-ammoniac.     (H.  Rose.) 

Chloride  of  potassium  may  also  be  used  instead  of  chloride  of  ammonium  to  precipi- 
tate platinum,  the  concentrated  solution  of  the  platinum  being  previouslv  mixe^  with 
a  sufficient  quantity  of  strong  alcohol  to  bring  the  percentage  of  aicobof  in  the  liquid 
to  between  60  and  70  per  cent.  The  precipitated  chloro-platinate  of  potassium  is  then 
washed  with  alcohol  of  60  to  70  per  cent,  and  decomposed  by  simple  ignition  in  a 
porcelain  crucible,  if  its  quantity  is  small,  or  in  an  atm<Mrphere  of  hydrogen  if  ila 
quantity  is  larger ;  the  chloride  of  potassium  is  washed  out  by  water ;  and  the  pUtinum  - 
dried,  ignited,  and  weighed. 

The  same  methods  of  precipitation  serve  also  for  the  sepantion  of  platinum  from 
most  other  metals,  from  all  indeed  excepting  silver,  lead,  and  mereuroeum,  which  fonn 
insoluble  or  sparingly  soluble  chlorides,  and  from  the  other  metals  of  the  pUtinnm 
group. 

From  mercury  (in  mercurous  solutions)  and  from  silver,  platinum  is  easily  sepa- 
rated by  precipitating  the  mercury  or  silver  with  hydrochloric  acid;  from  lead  by  pr^ 
cipitation  with  sulphuric  acid.  To  separate  platinum  from  silver,  when  the  two 
metals  are  combined  in  an  alloy,  the  best  method  is  to  heat  the  alloy  with  pare  and 
strong  sulphuric  acid,  diluted  with  about  half  its  weight  of  water,  tiU  the  ■olpborie 
acid  begins  to  escape  in  dense  fumes.  The  silver  is  thereby  converted  into  sulphate, 
and  the  platinum  remains  behind  in  the  metallic  state.  The  sulphate  of  rnXftsr  is  dis- 
solved by  a  large  quantity  of  hot  water,  the  platinum  washed  with  hot  water,ai)d  sgain 
treated  with  sulphuric  acid,  to  separate  the  last  traces  of  silver. 

From  iridium,  platinum  is  separated  by  precipitating  the  two  metals  together  with 
sal-ammoniac,  and  reducing  the  chloro-iridiate  of  ammonium  to  soluble  chloriridite  by 
the  action  of  salphurot:^  acid  or  other  reducing  agents  (iii.  319,  320);  from  osmium, 
by  volatilising  the  latter  as  osmic  tetroxide  (p.  244);  from  palladium,  by  pireeipi- 
tating  that  metal  as  cyanide  (p.  328).  For  the  method  of  separating  it  from  rhodiam 
and  ruthenium,  see  those  metals;  also  Platinum-ore. 

4,  Atomic  Weight  of  Platinum. — Berzelius  {Lrhrbuch,  6  Aufl.  iii.  121S) 
found  that  6*981  grms.  chloroplatinate  of  potassium,  2KCL?tCl*,  lost  by  ignition  2*024 
grms.  chlorine,  and  left  a  mixture  of  2  822  grms.  platinum  and  2-LS0  grma.  ehknd^ 
of  potassium ;  hence, 

Pt  -   ?5H?,  2KC1  -  1???.  149-2  »  197-7. 
2136  2-135 

VXJkTZViniK,  rXitrosma  or.  Platinie  Fluoride,  FtF*,  is  obtained,  aceordii^ 
to  Berzelius,  by  dropping  a  solution  of  potasnium-fluoride  into  a  neutral  aqutous  sola- 
tion  of  platinic  chloride,  as  long  as  a  precipitate  of  chloroplatinate  of  potassium  coth 
Unuea  \a  {mm,  eva^rating  the   filtrate  to  dryness,    dissolving    out  the   platinic 
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Qoridet  b^  alcohol,  adding  wat«r,  aud  again  pniporaring  nt  »  hrftt  below  60°.  Th« 
ftiioride  then  mn&iDH  lu*  a  non-crystaUinp,  yellov,  transparent  maBs,  parfecHy  soluble 
in  watur.  At  a  higher  temperature,  it  becomea  dark  brovn,  and  when  digested  id  water 
Ipares  a  brotm  basic  salt.    It  forms  doublr>  B&lti  with  the  fluorides  of  tbs  alkali-metala. 

y^ATlWUat,  XOBZ9BS  or.  FUitinoui  io^lt'fh',  VtV,  and  Ptatinic  toditfy,  VxJ\ 
are  blaok,  uuiurphous  eomjiouDdfi  obtained  by  pr«ripitatin|;  the  corresponding  chlurides 
vilh  iodide  of  potassium.     Both  are  solnble  in  hydriodic  acid. 

Pldtinic  iodide  unitca  with  the  mor«  buHic  metallic  iodid^ti.  forming  brown  or  black 
crystttUisablo  compounds.  M*Pl»*l*  =  2M1-Pt"r,  which  yield  durk  rwl  eolntiow,— The 
ammonium'*alt  crystallises  in  square  tablets :  the  potasaium-talt  in  black,  rectangular 
tikblets  with  four-sided  pyramids  attached ;  the  aodium-salt  in  lead-grey,  striated,  dalt- 
{juesct-nt  needle!). 

PLATIJU  UM«  Jirx*ltZJ>B  07.  PfK^. — Obtained  by  heating  the  e<inipouDd 
4>H'.Pt"H'0''  (Keiset's  base),  to  l80^  It  decompoace suddenly  at  190^  with  erola- 
tion  uf  nitrogen. 

MsATUf  UM,  oacXBXIS   or.     Platinum  forms  two  oxidea  coiragpopding  to  the 

i^hlorideH,  niiniely,  Pt"0  and  Pt"0',  both  of  which  are  salifiable  bas«s.     AocunliDg  to 
K.  Duvy,  thi*ro  is  also  an  oxide  of  iutermodiate  compositioo. 

rutlnous  Oxide  is  obUined  as  a  hydrate,  Pt"O.H*0  or  Pt'^'O*.  hy  digesting 
platinous  chloride  in  a  warm  solution  of  potash  and  washing  the  precipitate.  Fart  of 
the  ptiitinnus  hydrate  however  remains  dissolved  in  the  itlkati  and  may  be  precipitated 
by  neutralising  the  liaaid  with  sulphuric  acid.  The  hydrate  is  a  balky  bluck  powder, 
easily  decomposed  by  beat,  giTing  off  first  wat«r  and  aft^rwurds  oxygen.  According  to 
BerKelins,  it  may  be  couTcrtM  by  a  very  gentle  heat  into  anhydrous  pu^inons  6xide,  FfO. 
It  dissolves  slowly  in  acids,  forming  unstable  salts,  the  reactions  of  which  hare  already 
been  described  (p.  670).  By  boiling  hydrochloric  acid  it  is  re»olred  into  aqueous  pla- 
tinic  chloride  and  metallic  platinum.  When  recently  precipitated  it  dissolres  in 
potosk  and  in  a>Ai,  forming  salts  called  platiniteK,  which  appear  also  to  be  formed 
when  metallic  platinum  ia  hcaUd  with  caustic  alkalis  (p.  665). 

Platinous  oxide  forms  with  ammonia  the  two  compounds  2NH'.PtO  and 
4NH'.PtO.HK),  which  Lowcvurare  not  produced  by  direct  combination.  (See  Pia-tuiuk- 

BAS88.) 

Mattnle  OztdSvPt'^O'. — This  oxide  is  somewhat  difficult  toobtainin  thepnrestateu 
— 1.  From  most  platLutim-salts  alkalis  throw  down  basic  double  salts;  but  from  platinia 
nitrate,  potash  throws  dowu  at  first  the  pare  hydrate,  which  may  be  separat^Ml,  and  aiter- 
warda  the  doable  salt  (Berzelius). — '2.  The  hydiate  may  also  be  obtained  by  precipi- 
tating a  hot  solution  of  platinic  sulphate  with  carbonate  uf  calcium,  dissolring  out  the 
excess  of  ihat  substance  from  the  precipitate  by  means  of  M<y«tic  acid,  and  then  waAbing 
itfor  alouf:Tiine[to  remore  the  gypsum]  (Wittstein). — A.  Dobereincr mixes plalinic 
chloride  with  excess  of  sodic  carbonate,  evaporates  to  drynes.*),  heats  the  mixture 
gpntly,  and  dissolves  out  the  chloride  and  excess  of  carbonate  of  stniinm  with  water. 
There  then  remains  a  pliitinate  of  sodium  containing  Na'0.3PlO'.6H'0,  frum  which 
nitric  acid  removes  the  soda  without  dissolving  the  platinic  oxide. 

The  hydrate  (1)  when  recently  precipitated,  has  a  rusty  colour,  like  that  of  hydrated 
ferric  oxide;  in  drying,  it  shrinks  together  into  a  yellowish-brown  mass.  Wh**n  heated, 
it  eives  off*  water,  and  turns  black  {Berxelius). — (2)  is  an  umber-brown  powder 
which  dwfl  not  df-eompose  at  100°  but  at  a  stronger  heat,  ia  resolved,  with  exphurion 
and  pcatleriiig  of  part  of  the  mass  in  the  form  of  a  blaokir«h  fume,  into  aqoeouft  vapour, 
oxygen  gas,  and  pluunam  (Wittstein).  When  gently  heated  it  is  converted  into  the 
anhydrous  oiide,  PK.F,  which  is  a  black  powder. 

Ablneplatinicoxideisfonned.  according  to  Ilittorf.  when  platinum  dipping  intoAised 
nitrat«  of  potassium  is  made  to  form  the  negative  pole  of  a  voltaic  circuit ;  it  then  flows 
continually  from  the  platinum  in  the  form  of  a  blue  liquid  which  afterwards  changes 
into  yellow  and  green  oxide.  In  nitrate  of  sodium,  the  oxidation  is  weaker  and  tlie 
blue  colour  lighter  and  finer,  the  blue  oxide  thus  formed  changing  its  colour  only  to 
yellowish-bruwn. 

Plutiuic  hydrate  dissolves  in  acids.  The  solutions  yield  on  evaporation  Tmciystalli- 
sable  platiuic  saltK,  the  reactions  of  which  have  been  already  described  (p.  669). 
They  may  aUo  be  obtained  by  decomposing  a  solution  of  platinic  chloride  with  the 
potassium-salt  of  the  required  acid.  Chloroplatinate  of  potassium  is  then  precipitated, 
and  another  plaTioic  salt  (sulphate,  nitrate,  &c.)  remains  in  solution. 

Plabnic  oxide  unites  with  strong  bfises,  forming  salts  which  may  be  called  plati- 
nates.  They  are  obtained  by  heating  the  corresponding  chloroplatinates  with  excess 
of  the  alkali. 

Ptatinate  of  barium  is  precipitated,  according  to  Berzelias,  as  a  light  yellow  powder. 
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when  A  plutinic  salt  is  supersaturated  vitb  baryta ;  it  is  rosolrod  at  a  fyed  heni  into  pU> 
tiuum  and  barytu. — /'/afina<('t>/'ca/ri'inn  Uobtamed,  accordixig  toHcrachel,  bjr«xu»tic 
a  mixtuiv  of  olHtinic  chloride  and  axc«s8  of  lime-water  to  suoshiDe;  but,  acooromg  Ui 
Dobcreiner,  the  precipitate  thiu  formed  likewiM  containit  chlorine  (p.  669). — PUi£tmt$ 
of  potassium  is  prepared  bj  mixing  cbloroplatinate  of  pcUuMium  with  au  excf«»  of 
potassic  hydrate,  moiatcning  the  muss  vith  water,  gradually  beaiine  it  to  doU  ratniii 
and  removing  the  excess  of  alkali  by  waabiog  with  water.  It  has  a  ruat-browi 
coloor ;  diasolves  alo«rly  in  hydrochloric  acid,  not  in  nitric  or  ealphuric  and ;  ia  roeolTtd 
by  heat  into  platinuuB  oxide  and  potaah;  and  deloaatea  violeatly  with  oombiuCiUi 
bodies  (Berzelins). —  PUUinaU  of  Modium.  ia  obtained  by  exposing  a  mixtvre  uf 
aqueous  platinic  chloride  and  carbonate  of  sodiatn  to  aunahine,  aa  a  reddiah-ydlAv. 
purily  cTystallinc  precipitate,  N&-0.3PtO'.6H'0,  which  when  heated  to  redness,  fim 
girea  off  water,  then  oxygen,  and  leaves  a  black  reiiidue  ^m  which  the  soda  may  W 
dissolved  out  by  water.  It  ie  deeomposed  by  acids,  which  diBsoIre  out  the  soda  sad 
leave  the  plutinic  oxide.  (Weiss  and  Doberoiner,  Ann.  Ch.  Pbarm.  X37.  26.) 
Respecting  the  eouipouDds  of  plftliuic  oxide  with  ammoriia,  see  Pi_aTt2cnc-iLkaBJL 

njlTZnaC,  OXTOBV-SAXiTS  or.  The  oxides  of  plutinum  diasolvs  in 
oxyt>;t-u-acidi<,  but  the  retiulting  salts  have  but  little  stability.  Fhitinoua  nitzits  aad 
sulphite  however  unite  with  the  sulphites  of  the  more  basio  metals,  forming  oyiul- 
linablo  double  salts. 

Platitious  ifitrite$, — A  solution  of  chloroplatinate  of  potassium  mixed  with 
nitrite  of  potaAsiuin,  gradually  deposits  potsssio-platinous  nitrite,  Kn^'^NOV. 
iu  cotourlciw,  aix-nided  prisma,  which  are  permanent  in  the  air,  spuritigly  soluble  in  tiu 
moiher-liquor,  disAolvo  in  27  pts.  water  at  ld°.  in  a  smaller  quantity  of  warm  wsur, 
and  separate  h*om  the  solution  unaltered.  By  alow  evaporution  of  a  more  dilnta 
BoluLiou.  efllo reset* Dt  rhombic  prisms  of  a  hydrated  salt,  K'Pt'(N^0')*.2H*0  are  obtaiaad. 

The  ctirrt-Hpuiidixig  sodium-salt  is  very  soluble  in  water  and  can  be  obtained  ia 
the  crystnlUiie  Btjiie  only  by  evaporation  in  vacuo.  A  hot  satutRted  solution  of  ths 
potasaium-gult  mixod  with  nitrnte  of  silver,  deposits  the  argento-platinous  >t]l, 
Ag*Pt"(NO')*,  in  ftiintly  yellowish  tablets  which  blacken  quickly  when  exposed  to  light. 
This  salt  decomposed  by  chloride  of  ammonium  yields  the  ammoninm-silt. 
(NH'/Pt"tNO*)\  which  by  e\*aporatioD  in  a  vacuum  is  obtained  in  pale  yellow  priinu 
permanent  in  the  air  ;  it«  twtltirion  inves  off  nitrogen  when  boiled.  Mercuroso-pli- 
tinous  nitrite,  Hg^Tt'(NO-)'.H'0.  is  obtained  as  a  yellowiah-white  precipitate  by 
decomposing  the  potiissium-i»alt  with  a  dilute  slightly  acid  solution  of  meroototti 
nitrate.  Baryto-platinous  nitrate,  Ba"Pt'(N0*)*.8H*O,  is  obtjun**d  by  dw»m- 
posing  thp  silver-salt  with  chloride  of  bnrium,  and  evaporating  the  filtrate  ut  a  geotU 
heat,  in  colourless  octahedral  cryntals,  slightly  soluble  in  cold  watfr.  By  decompostoc 
the  flulntion  of  this  salt  with  an  exactly  equivalent  quantity  of  sulphuric  acid,  u» 
evaporating  the  filtrate  in  a  vacuum,  hydro-platinous  nitrate  or  acid  plsli- 
nouB  nitrite,  H'Pt'(NO*)\  is  obtained  as  s  red  saline  maas,  composed  of  inoistiiiot 
prismatic  cr}*stals.  Neutral  plaliiious  nitrite  is  not  known.  (J.  Lang,  J.  pr.  Chem. 
Ixxxiii.  415;  Rip.  Chim.  pure.  iv.  2iiO  ;  Jahresb.  1861,  p.  317.) 

tHatinous  sulphite  and  its  double  salts  will  be  described  under  •SuLFUins. 

y&ATXHma,  FKOSPKISE  of.  Platinum  combines  reiulily  with  phosphoni, 
becoming  brittle  and  funibl^.  ThoAphide  of  platinam  is  silver-white,  hard,  hsi  s 
cryHtalliue  fracture,  and  is  more  fusible  than  silver.  Schrotter.  by  beating  spon^ 
plutinum  in  an  atmoKphere  of  phosphorus -\'apour,  has  obtained  a  pbuspUide  (tf  platiiiam 
containing  PtP*,  having  a  density  of  8'77. 

VXiATZWBK,  SE^EirXlIB   OV.      Spongy  platinum    heated   with   pulverised 

svK-nium  forai-*  a  greyish  infusible  srlcnide, 

r&ATZOTM,  SIXtXCrDB  or.  When  a  raixtura  of  phitinum  and  eltareoal- 
powder  is  exposed  in  a  hessiun  crucible  to  the  heut  of  a  foi^e-^,  the  ailiea  in  theen- 
cible  is  reduced  by  the  charcoal,  and  the  liberated  silidum  unites  with  the  platinan, 
forming  a  brittle  compound  which  has  a  granular  fracture  ;  it  dis."<ilveM  very  &lowly  in 
nitri)muriatio  ucid.  because  it  beeomf*  covered  with  a  layer  of  nlicium  which  opposrs 
tht*  further  action  of  the  acid.     (Bousaingault,  Ann.  Ch.  Phys.  [2]  xvl  5.) 

Hilicium  heated  in  a  pUtinum  crucible  causes  the  metal  to  fiise  oo  the  surfoce,  and 
imparts  (o  it  a  crystalline  texture.  If  the  beat  be  raised  to  whiteness,  the  pLatiuon 
becomes  friable.  Silicide  of  platinum  containing  10  per  cent  siUcinm,  is  haxd,  bsitlic, 
and  fusible  at  a  white  hpat. 

By  ftisin^  platinum  with  ejicesw  of  hilicium  in  presence  of  crvoUte,  a  whit«  compound. 
PtSi*,  is  formed  having  a  grey,  orj-stalline  fracture.  (Winckler,  Traiti  ie  Chimuptir 
Pcioiiee  rt  Frr.ut/,  3"-.  ed.  iii.  1268,) 

VLATZHimS,    SZXaC0rX.T70&ZI>S    of.      The  yellow  solution    of  pUtinie 
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oxide  in  hydroflao«ilicic  acid,  dries  ap  to  a  yellow wh-brown  gum,  which  when  redi«- 
«olved  in  vatvr,  leare*  a  brown  biuic  m\U     (BerK«lius.) 

VXtATZSnniK,  Sxnc»PHZl>£8   OF.    Two  Bulphidea  of  pUtinuin   ire  knoirn, 
ftlopouB  ill  comj>o«itioii  to  tlie  uxiiif*. 

PlaCinout  Suiphidf,  Pl*S,  i»  obtaiued  by  decompofling  xiIuHnoaa  chlon'df*  with 
•olphydric  acid  or  an  alkaline  sulphide,  or  by  h(>Ati[ig  2  pts.  of  nulpbur  with  1  pt. 
of  fiuely  divided  pltttinum  or  2  pis.  of  chloropldtinatc  of  naimunium,  II  is  a  blark 
sabstauce,  permanent  in  the  air,  insoluble  in  waler,  scarcely  attacked  by  inioeral  aoida 
even  with  aid  of  heat.  When  it  ia  heated  in  contact  with  the  air,  the  Nulnhur  burna 
away  and  the  pUtinum  rf»ma.ins.  According  to  Biittger,  it  acts  upon  oloobol  in  eontact 
with  the  air  like  pUtinum-bhick,  though  much  le««  rapidly. 

Piatinie  Sutphidr,  Pt''S',  is  pr»'parod  ; — 1.  By  dropping  aquroufl  platinic  chlo- 
ride into  the  solotioa  of  an  ulkaline  siUphydrute,  or  by  paaning  sulphydric  gas  through 
a  solution  of  aodic  chloronlatinate.  (The  preoipilat*  formed  by  sulphydric  iicid  in  a 
0olutioD  of  platinic  chlorioH  detouuteii  purtiadly  when  heated. ) — 2.  By  digesting  1  pt.  of 
platinic  chloride  fur  aeveral  djivs  with  4  pta.  alcohol  and  1  pt.  sulphidf  of  carlx»n.  The 
mixture  then  concret«a  into  a  black  musti,  which  when  waaoed  with  nlcobol  and  boiled 
aeveral  timea  with  water,  learf.4  pLitinio  Hutphido  to  be  dried  in  a  vufruum. 

Plotinic  sulphide  is  black.  When  hejited  in  »  cloe*^  Teasel,  it  gives  off  half  its  sul- 
phur and  is  converted  into  platinous  hulphide.  When  it  is  exposed  to  moist  air,  part 
of  its  sulphur  ts  quickly  oxidised  to  sulphuric  acid.  Hot  nitric  acid  conrerU  it  into 
piatinie  Rulpbite. 

Platinic  sulphide  dissolves  in  alkaline  hydrates,  carbonates  and  nilpbides,  forming 
salta  called  BalphopUtinatcs,  which  are  decomposed  by  acids. 

PliAXnr^ltl,     8UZ.PHOCYAHATEa    or.      See  SlTLPHOOTAKATES. 

P&ATHrmC-BJkSXIS,  AAXMCOIVZilCAJb.  (Reiset,  Compt.  rend.  x.  870;  xi. 
711 ;  xi*iii.  1100.— Gros,  Ann.  Ch.  Pharm.  xxvii.  241.— Peyrone,  ihid,  li.  1;  Iv.  205; 
Ixi.  178.— Raewsky,  i&id.  Ixiv.  309;  Ixviii.  316.— Gerhardt,  Oompt,  chim.  1849, 
p.  273  ;  Ann.  Ch.  Phann.  Ixxvi.  307. — Gm.  xri.  296  et  srq.) — The  chloridea,  oxides, 
Bttlpbatea  Sec  of  platiDum  are  capable  of  taking  up  ammonia,  and  forming  compounda 

which  may  be  represented  as  hyduramines  ^^K)  (•  ^v'^'^^'^™™'"^  nnCI  I  ^*^* 
similarly  to  the  ammoniacal  compounds  of  mercury  (iii.  921).  In  this  manner  are 
formed  the  five  series  of  compounds  formulated  in  the  following  table,  in  which  K 
denotes  a  mouatomic  chlorous  radirJa : 

1.  Diammonio-platinoQS  compound!  .        .        . 

S.  TetrammDaio-platlaoua  compounds  . 

8.  Diammonio-platinic  compounds  ... 
4.  Tetrararaonio-platinic  compounds 


6.  Octammonio-di  platinic  compounds 


Any  numbtr  of  atoms  of  the  monatomic  radicle  R  may  be  replaced  by  sn  pqnivaleut 
quantity  of  another  radicle,  mono-  or  polyatomic,  thus  giving  rise  to  oxychloridcsi 
nitrato-chlurides,  oxalonitrntes,  &c. 

1.  Diammonio'platinouit  Compounds. — These  compounds  are  formed  by  the 
action  of  heat  on  those  of  the  following  series,  half  the  aniraooia  of  Ibe  lattar  being 
then  given  off.  They  are  for  the  moat  part  inftolublc  in  water,  but  dtsaolre  in 
ammonia,  reproducing  the  fetranimoDio*platiuouH  compounds :  they  detonate  when 
healed. 

CA/orids,  p^,/Qj^— Of  thii   compnund  there  are  three  isomeric  modifications: 

a.  Ydhv,  obtained  by  adding  hydn)chloric  Hcid,  or  a  soluble  chloride,  to  a  solution  of 
diammnnio-platinous  nitrate  or  sulphate,  or  by  Iniiling  the  grt'^'n  roodiBcstion,  y,  with 
nitrate  or  Bultihitte  of  ammonium,  whercuiK>n  itd!>i»olvea  Hud  forma  a  tolution  which, 
on  cofllinR,  detxjsita  the  yellow  salt; — or.  by  neutralising  a  solution  of  platinuus 
chloride  in  hydroclilcric  ncid  with  carbonate  of  ammoniiiiu,  heating  th*  mixture  to 
Vol.  IV.  X  X 
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fhe  boiling  point,  and  utlJing  a  quantity  of  ammonia  eqoal  to  that  already  contained 
in  the  liquid,  filtering  from  a  dingy  green  substance,  which  deposita  after  a  while,  thru 
leaving  the  solution  to  cool,  and  decanting  the  supernatant  liquid  as  eoon  as  the  yellow 
salt  )H  dopOHited.  0.  liid.^lt  in  the  laist  mode  of  preparatiuD,  the  carbonate  of 
ammonium,  instead  of  being  atlded  at  once  in  excess,  be  added  drop  by  drop  to  the 
hydrochloric  acid  solution  of  platinous  chloride,  the  liquid  on  cooh'ng  deposirs  small 
garnet-coloured  crystals  liaving  tlie  form  of  six-sided  tables.  This  n'd  modification 
may  also  be  obtained  in  other  ways  (Peyrone).  7.  Green, — This  modification, 
usually  denominated  the  gran  salt  of  Magnus,  was  the  first  discovered  of  the  am* 
moniacal  platinum  compounds.  It  is  obtained  by  gradually  adding  an  acid  eolntion 
ofplntinous  chloride  to  caustic  ammonia;  or  by  passing  sulphurous  acid  gas  into  a 
boiling  solution  of  platinic  chloride,  till  it  is  completely  converted  into  platinons  chloride 
(and  therefore  no  longer  gives  a  precipitate  with  sal-ammoniac)  and  neatralisiug  the 
solution  with  ammonia ;  the  comi>ound  is  then  deposited  in  green  needles.  The  same 
modification  of  the  salt  may  also  be  obtained  by  adding  an  acid  solution  of  plattnons 
chloride  to  a  solution  of  tetrammonio-platinous  chloride,  N*H''^Pt''Cl'.      Hence   it 

would  appear  that  the  true  formula  of  this  green  salt  is  N*H"Pt*a«  -*  Pfa*  N*HTt"Cl«, 
that  of  the  yellow  or  red  modiiication  being  simply  N*H*Pt"Cl*.  Either  modification 
of  the  salt,  when  heated  to  300°,  gives  off  nitrogen,  hydrochloric  acid,  and  aal-ammo- 
niac.  and  leaves  a  residue  of  platinum. 

Platinous  chloride  forma  similar  compounds  with  ethylamine  and  methyUmine 
(p.  679). 

A  red  crystalline  compound  of  diammonio-platinoua  chloride  with  chloride  of  am- 
monium, yiz.,  N'H*FtCl'.2NH*Cl,  is  formed  when  a  solution  of  tetrammonio-platiuons 
chloride  containing  a  large  quantity  of  sal-ammoniac,  is  evaporated  to  the  crystal lisintf 
point  Thus,  when  a  solution  of  platinous  chloride  in  hydrochloric  acid  ia  precipitated 
by  ammonia,  and  the  green  salt  of  Magnns  thereby  formed  is  heated,  while  still  in  the 
liquitl,  with  excess  of  ammonia,  to  convert  it  into  tetrammonio-platinous  chloride,  this 
red  compound  separates  at  a  certain  degree  of  concentration,  together  with  the  tetram- 
monio-platinous chloride.     (Grimm,  Ann.  Ch.  Pharm.  xcix.  96.) 

TTfli  vs 

Cyanide,  p  « >  p  .^—Obtained  by  adding  hydrocyanic  acid  to  a  solution  of  tetram- 
monio-platinous oxide,  cyanide  of  ammonium  being  formed  at  the  same  time  (Rei  set): 
N'H'»Pt"0  +  4HCy   -^     N'H*Pt*'Cy*  +   2NH«Cy  +  H«0. 

Also,  by  digesting  ammonio-platinous  chloride  with  cyanide  of  silver.  It  cryatal- 
liaes  in  fine  regular  needles  of  a  pale  yellow  colour,  soluble  with  tolerable  facility  in 
water  and  ammonia.  A  polymeric  modification  of  this  compound,  N*H'*PI*Ct'  » 
N*H"PtCy*.PtCy*,  is  formed  by  passing  cyanogen  gas  into  a  moderately  concen- 
trated solution  of  tetrammonio-platinous  oxide;  the  cyanogen  then  decompt^es  the 
water,  forming  hydrocyanic  and  cyanic  acids,  and  the  hydrocvMnic  acid  acts  upon  the 
tetrammonio-platinous  oxide,  forming  the  compound  N^H'^PfCy*,  together  with 
ammonia  and  water: 

2N'H'»PtO   +   4nCy     =     N*H'*Pt«Cy*  +   4NH"   +   2HK). 

The  compound  N*II'^Pt'Cy'  crystallises  out  and  may  be  purified  by  recrystallisatioB 
from  water.  It  is  also  obtained  by  mixing  a  solution  of  tetrammnnio  platinous  chloride 
with  cyanide  of  potassium.  It  fnrm«i  cryHtal.s  which,  onder  the  microecope,  appear  like 
six-sided  tables  arranged  in  stellate  groups:  it  dissolves  without  decntn[*o»>ition  in 
potash,  hydrochloric  acid,  and  dilute  sulphuric  acid,  but  is  decomposed  by  strong  sul- 
phuric and  by  nitric  acid.     (Buckton,  fchem.  Soc.  Qu.  J.  iv.  34.) 

Iodide,  pt^lp  ' — Yellow  powder,  obtained  by  boiling  the  squeooa  solution  of  Um 

the  compoond  N*H'*Pt"I'.  It  dissolves  in  ammonia,  and  is  thereby  reconverted  into 
the  latter  compound. 

Oxide,  N^H"Pt''0  -    ^•[rl«- — Obtained  by  heating  tetrammonio-platinomhydrste 

to  110°.  It  is  a  greyi^ih  mass  which,  when  heated  to  200°  in  a  close  veesel,  gives  off 
water,  ammonia,  and  nitrogen,  and  leaves  metallic  platinum.  ProbabW  the  componad 
Pt'N',  is  first  produced,  and  ia  afterwarrls  resolved  into  nitrogen  and  pUtinua: 

3X»H*PtO     «     Pt«N«  +   4NH»  +   3H«0. 

The  oxide,  heated  to  200°  in  contact  with  the  air,  beoomes  incandesceat,  «Bd  bwai 
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Hii  tulphaU^  Pt'*[sO**^'^'  ^^^  '^®  nitrate,  p."[/vQ*\ti  ***  obtained  by  boUing 
the  iodide  with  fmlphato  and  nitrate  of  aiir«r:  ihey  are  cryHtaUine  and  hare  a  strong 
acid  reaction.  The  tiulphat«  retains  an  atotn  of  cryHtalliaatioo- water,  vliich  cannot  b« 
removed  vitbont  decomposing  the  salt. 

2.  Tttrammonto-plaiinout  Compounds. 

Chloride^  w'trnv — ^^'  componnd  is  prepar«d  hy  boiling  platiaona  chloride, 

or  the  green  salt  of  Magnus,  vitb  iiqueona  ammonia  till  the  whole  ia  diaaolved, 
and  eTBporating  the  liquid  to  the  cr^Rtallisinf?  poinL  Or.  by  pacing  lulphurooa 
a4*id  gaa  into  totrachloritle  of  platinum  till  the  solution  is  completely  docolonsed, 
precipitating  with  cHrliuoate  of  sodium,  dirwolviiig  the  precipitate  of  sodio-pUtin* 
ona  sulphite  in  hydrtxrhloric  add,  saturating  the  re«nltiiig  solution  of  chloride  of 
•odium  and  platinous  chloride  with  ammoniii,  and  dissolving  the  precipitate  of  di-  and 
tetrammonio-platinoua  chloride  in  boilinf;  hydrochloric  acicL  The  filtered  liquid  on 
cooling  deposits  the  former,  while  the  tetramnioniacal  componnd  remains  id  ralution 
and  may  be  obtained  by  eraponitiDn,  mixed  howtrcr  with  au-ammoniac.  It  (separates 
in  bulky  crystals  of  a  faint  yellow  colour,  contnining  I  at  water,  which  is  completely 
given  off  at  110^.  At  250^  it  girca  ofl*  ammonia,  and  leaves  diammonio-platinons 
chloride.  The  anbydreos  compound  rapidly  absorbs  water  from  tiie  air.  The 
hydrate  does  not  give  off  ammonia  when  treat4K}  with  eauitic  alkalis  in  the  cold,  and  ia 
but  very  slowly  decomposed  by  them,  ercn  with  the  aid  of  heat* 

EthyUmtne  and  metiiyloroine  furm  umilar  compouudB  with  platiooaa  chloride^ 
(p.  679). 

T<  trammonio-piotinous  chion'dr  formf  two  compounds  with  tetrachloride  of  plaLinum. 
The  first,  whose  formula  i»  2N*H"'rt"Cl'.Pi''Cl*,  is  obtained  as  an  olive-grrrn  pre- 
cipitate on  adding  tetrachloride  of  platinum  to  n  solution  of  tetmmmonio-pbtinous 
chloride;  the  *eeoad,  N'H''Pt''Cl'J*t''Cl*,  by  treating  the  preceding  with  eaceas  of 
tetrachloride  of  platinum. 

Tfirammonw-cupneo-plaiinoiu  chlortdfy  t'»'?pn,  «  produced  on   adding  platinitt 

chloride  to  a  concentrated  ammoniacal  solution  of  cuprons  chloride,  as  a  riolet  or  grej 
precipitate  cumpo«ed  of  pritmatic  crystalH,  insoluble  in  water  and  in  alcohol,  pe^ 
manent  when  dry,  slowly  decomposed  by  water.  (Millon  and  Commaille,  Compt. 
rend.  Irii.  822.) 

The  bromide  and  iodide  of  this  series  are  obtained  by  treating  the  solution  of 
the  milpbate  with  bromide  or  iodide  of  barium :  iht-y  crytitullibf*  in  culwa. 

Oxide,    •pf-'ffy — Obtained  by  decomposing   the  suIuLion   of  the  sulphate  with 

an  equivalent  qmtntity  of  baryta-water,  and  rrapomtjng  the  filtrate  in  racuo.  A  crys- 
talline majis  is  then  left,  containing;  the  oxide,  it  is  strongly  alkaline  and  caustic, 
like  potash,  absorbs  carbonic  acid  rapidly  from  the  air,  and  prtiipitati's  oxide-  of  silver 
from  the  aohitton  of  the  nitiuto.  It  ia  a  strong  haae,  ncutrulisinf;  anda  completely,  and 
expelling  ammonia  frt>m  ita  aalts.  It  melts  at  110'^.  giving  off  water  and  ammoni^ 
and  leaving  dianimonio-platinovs  oxide,  its  aqneous  solution  does  not  give  off  ammo* 
nia,  even  when  boUed. 

Carbonate*. — The  oxide  absorbs  carbonic  anhydride  rapidly  from  the  air, 
forming  first,  a  neutral  carbonate,  N^H'^Pt^COMlH),  and  afterwards  an  acid  salt, 

N*H'»Pt"CO»H»CO'. 

'Xht  sulphate,   p.-,  k<f)n '^iid  the  nitratr,  Tj."(/Mru\»  *re  obtained   by  decom- 

poaing  the  chloride  with  sulphate  or  nitrate  of  silver;  the/ arc  neutral,  and  crystallise 
Msilj. 

Sulpkitn. — The  salt  rf.if/cfoiy  **  obtained  by  boiling  the  green  salt  of  Magnna 

in  water  with  on  equal  quantity  of  ammonium-sulphite,  as  a  white  powder,  insoluble 
in  alcohol  and  in  enld  water,  very  sHphtly  soluble  in  boiling  water.  By  prolonged  ebnl- 
lition  with  exceas  of  ammoDinm-sulphite,  asolutionis  formed  from  which  alcohol  throws 
down  fiily  drops,  uniting  into  a  glutinous  mauof  variable  composition  ;  and  the  alcohol 
used  for  the  precipitation  depobite  after  a  while  small  white  flakes  of  another  sulphite, 

?t*[c^W"     (^"J"""**  ^^-  ^  PbMTn-  In-  178;  Om.  vi.  305.) 
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3.  DiammoniO'plaiinio  Compounds, 

The  chloride,  pM*fniw  is  obtained  hy  passiog  cMorine  gu  into  bnitiog  witcr  U 

which  diammonio-pltitinouci  chloride  (the*  yellow  modification,  p.  674)  u  tuijmidnl 
This  «>mpoand  is  insoluble  in  eoM  wat+r,  and  rerj  alightly  soloble  in  boiling  watfc, 
or  in  water  (.'ontaining  hydrochloric  acid.  It  diaMivcs  in  ammoDta  Nt  a  boiling  h**t. 
and  the  solution,  on  cooling,  depoiiit«  h  yellow  precipitate,  conHisfiog  of  ttftrammoniaal 
platinic  chloridje.  The  coroponnd  N'U*Pt'*Cl*  diBsoWes  in  boiling  putoah  witliml 
fnrolving  ammonia.     A  polymeric  compound. 

K*H'«Pt»a»     -     N<H»«Pt''Cl*.Pt"a\ 
id  obtained  br  passing  chlDrine  into  water  in  which  Magnns's  green  salt  is  snopeDded. 
A  rpd  crystaUinc  powder  is  atfirsr  precipitatwj  consisdng  of  N*H"PtCP.PtCl*;  buloa 
conlinuing  the  paasago  of  the  chlorinH,  iUIh  precipitste  mli^BolTes,  and   the 
yields,  by  evaporation,  the  crystalline  compound,  N*H'*Pt*Ci', 


* 


Hitrai<9, — An  oayniinUct 


••  ?,..j(NO-)-.   i, 


is  obtained    by  boiling    the    cUoiid^ 


N'H'PtC1^  for  several  honm  with  a  dilute  snlution  of  nitrate  of  silver.  It  u  & 
yellow  crystalline  puwdrr,   sparingly  soluble  in  cold,  mifre  eoluble  in  boiling  wain. 

The  normal  nitrate,  p|.iT[/un>v  is  <>btalned  by  diaaolv-ing  the  oxynitrato  in  nitne 

acid :  it  is  yellowish,  insoluble  in  cold  water,  soluble  in  hot  nitric  acid. 

The  oxide,  N'H*Pt'»0*  =     JL,,  Jq^  is  obuiucd  by  adding  STmnonia  to  a  bcilinj 

solution  of  diatnmocio-pUtinic  nitnite ;  it  is  then  precipitated  in  the  form  of  a  bATT, 
yellowish,  crystalline  powder,  coroposed  of  small  (thiuing  rhomboidal  prinns:  it  it 
aeariy  insoluble  in  boiling  wator,  and  resists  the  action  of  boiling  potash.  Hevited  io 
a  close  vessel,  it  ^vwi  off*  water  and  ammonia,  and  leaves  metallic  platinum.  It 
disaolrea  readily  in  dilute  ucids,  fvf.n  in  acetic  acid,  and  formn  a  lurge  number  of  en^ 
Callisable  salts,  buth  neutral  and  arid,  haviag  a  yellow  colour,  and  sparingly  soloble  io 
water  (Oerhardts  Compt.  chim.  1849,  p.  273).  Another  compound  of  platinic  oxid« 
with  ammonia,  called  /uiminati»tj  platinum,  whose  composition  luu  not  been  eXMCtij 
ascertained,  is  produced  by  dt*cumposing  chloroplatinate  uf  ammonium  with  aqueous 
potash.  li  is  a  st raw-col ourM  powder  which  detonates  slightly  when  suddenly  hsstsd* 
rat  atrongly  when  exposed  to  a  gradually  mcreiifiing  heut. 

The  oxy-oj:alut€,  p,u-\(C*0*)',  is  formed  by  decomposing  the  nitrate  with  oxalatfof 
*^M    0" 

ammoniunL,  It  is  a  light  yellow  precipitate,  soluble  in  boiling  waterj  and  detoziatiag 
when  heated. 

The  ttJphate^  pti«/an*s>['  ''  obtained  by  dissolving  the  oxide  in  dilate  snlphuifi 

acid  and  evaporating.     It  is  a  yellow  powder,  having  an  acid  taste,  and  soihiURiB 

boiling  water. 

4.  TeirammoniO'plaiinie  Compounda. 

The  oxide  of  this  series  has  not  yet  been  isolated. 

Chloride,  p«i»[pH- — Obtained  by  passing  chlorine  gas  into  a  solution  of  tetrafl»-  ' 

monio -plat] nous  cblonde  :  by  dissolving  diammonio-plutinic  chloride  in  ammonia,  and 
expelling  the  exce^  of  ammonia  by  erapomtion  ;  or  by  prtvipitating  a  solution  of 
tetrammonio-platinic  oxynitrate  or  nitrato-chloride  (p.  677)  with  hydrochloric  sdd. 
It  is  white,  and  dissolves  in  small  quantity  in  boiling  water,  frnm  which  aolntioo 
it  is  deposited  in  tho  form  of  trujisparenf ,  r**gular  octahedrons,  baring  a  faint  yellow 
tint,  when  a  eolation  of  this  sail  w  treated  with  nitrate  of  silrer.  one  half  of  the 
chlorine  is  very  easily  precipitated,  but  to  remove  even  a  small  portion  of  the  remainder 
requires  a  Inng-eontinoed  action  of  the  silver-salt  (Grimm).  A  componod  baring 
the  formula  N*H'»rtCl\  containing,  therefor*-,  2  at.  CI  and  2  aL  H  less  than  the  pre- 
ceding, is  obtained  by  diBsolving  onloroplutinate  of  ammonium  in  ammonia,  andpr^ 
cipitating  by  alcohol ;  but  it  dors  not  cr^rslullijie,  merely  drying  np  to  a  pale  yeUenr 
reidnoua  mass :  hence  its  composition  is  doubtful. 

Chlorohromtde,  H"NTt"Br*Cl".— Prepared  by  treating  tctiammonio-pUtinoui 
chloride  with  bromine. 


I 

I 


I 
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Nitrates. — A.  hatic  mtrate  oi  oxynitratet^^A(SO')\  is  i»rodaoed  by  boUing  the 

nitnto-chloride  b  with  ammonia.     It  is  a  vhite  amoiphoiuf  povder  sHghtlj  soluble  in 
cold,  more  soluble  in  boiling  water. 
H.t(     N' 
NiiratO'chloridet  j^,AniO*)\ — This  salt,  discovered  by  Gros,  is  obtained  by 
*^  i    C\* 
treating  Magnus's  green  salt  vith  strong  nitric  acid.     The  green  compound  first  turns 
brown,  and  is  afterwards  converted  into  a  mixture  of  platinum  and  a  white  powder, 
which  is  dissolved  out  by  boiling  water,  and  crystallises  on  cooling  in  shining,  flattened, 
colourless  or  pale  yellow  prisma : 

2N«HfPtCl«  +   2HN0*     -     N*H'*PtCl«(NO>)*  +  Pt  +   2HCL 

This  salt  dissolves  readily  in  water,  especially  when  heated.  The  chlorine  and  pla- 
tinum contained  in  the  solution  cannot  be  detected  by  the  ordinary  resgents ;  tnns 
nitrate  of  silver  and  snlphydric  acid  yield  but  very  trifling  precipitates  even  after  a  long 
time. 

Oxaloehloride,  -DuAiC^O*)", — Oxalic  add  or  an  alkaline  oxalate  added  to  the 
^^   i    Cl» 
solotion  of  the  corresponding  sulphato-ehloride  or  nitrato-chlorids  throws  down  this  sail 
in  the  £arm  of  a  white  granular  precipitate,  insoluble  in  water. 

Oxalo^nitrate^  l>*u^(C*0*)^ — ^Deposited  as  a  white  dystalline  body  from  the 

solution  of  octammonio-diplatinic  oxalo-nitrate  in  dilute  nitric  add. 


H-.f     N^ 


Phoaphato-ehloride,n.^A{^O*y.i'B?0, — Obtained  as  a  crystalline  predpitate 
^   I    CI 

on  mixing  a  warm  concentrated  solution  of  the  nitrato-chloride  with  trieodio  phos- 
phate ;  from  cold  dilute  solutions  the  salt  cryRtallises.  after  a  longer  time,  in  radiate 
groups  of  small,  white,  strongly  lustrous  needles.  It  is  nearly  insoluble  in  cold, 
and  only  slightly  soluble  in  bouing  water.     (Kaewsky.) 

H«(  ^* 
SulpkatO'ehloride,  -o^iA  (SO')". — Obtained  by  treating  tetrammonioplatimn  chlo- 
ride or  nitrato-chloride  with  dilute  sulphuric  acid,  or  by  mixing  the  solution  of  the 
nitrato-chloride  with  a  strong  solution  of  a  soluble  sulphate.  It  crystallises  in  slender 
needles,  sparingly  soluble  in  cold,  moderately  soluble  m  boiling  water.  The  sulphorie 
acid  in  the  solution  is  not  predpitated  b^  barium-ealts.  The  sulphato-chlonde  i«, 
however,  decomposed  by  hydrochloric  or  nitric  add,  either  of  which  takes  the  plaee  of 
the  sulphuric  acid,  reprodudng  the  chloride  or  nitrato-chloride.     (Gros.) 

6.  Ociammonio'diplatinie  Compounds^ 


H« 
OxvniiratstxtBatie Nitrate,  Pl»' 
'  Ptwj 


•  (NO*)*.— This  salt  is  produced  by  boiling 
0" 


tetrainmonio-platinous  nitrate  (p.  675)  with  nitric  add.  It  is  a  colourless,  crystalline, 
detonating  salt,  slightly  soluble  in  cold  water,  more  soluble  in  boiling  water,  insoluble 
in  nitric  add.    (Gerhardt) 

f     ^* 

Cr  •*— This  salt»  discovered  by  Baewsky,  is  formed 


Nitrat'Oxyckloridet  Pt** 
Pt*' 


when  Hagnu9*s  green  salt  is  boiled  with  a  large  excess  of  nitric  add.  Red  fhmes  are 
then  evolved,  ana  the  resulting  solution  deposits  the  nitrat-oxychloride  in  small  brilliant 
needles  which  deflagrate  when  heated,  giving  off  water  and  sal-ammoniao  and  leaving 
metallic  platinum. 

*  Rjiewiky  Milni  to  this  mU  th*  rormala  SNIP.PtsCl^O^.aN'O*,  which  etmtftlm  3  at.  ox]rg«n  more 
than  that  riiove  given,  and  eormpondlng  formulae  lo  all  the  other  mUi  oT  thii  wriei.  Siicb  fonnula, 
however,  coiild  not  be  reduced  to  any  type  ilmllmr  to  thoaa  bj  which  the  other  aanooiaca)  platinum- 
cunpoundi  are  rroretented,  and  moreover  Raewaky't  ptatinum-determioatlooa  appear  lo  be  all  toe 
low.  httVtDg  b^D  m'tde  \»j  a  method  whtch  almoat  iieceatarily  Infolvea  a  lost  of  pUttouiM.  Gerbardi 
therefore  proposed  the  lornula  above  givcu. 


( 
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The  nitric  acid  in  this  salt  may  be  replaced  by  an  equiralent  quantitj  of  ecrhtmU  or 


H« 
9xalie  acid»  yielding  the  mlts  Pt** 


N* 

Cl« 


'   qJ  ^  ,  both  of  Thich  are  spav> 


ingly  soluble  and  easily  crystollisable. 


H» 


i     N» 


xl    I 
Khatic  oxalonitrate,  Ft**-^}^^,A.  insoluble  in  water,  is  obtained  by  addiag 

oxalate  of  ammonium  to  the  oxynitrate.     (Oerhardt.) 

TheorUa  of  the  Constitution  of  the  Ammoniaeal  Plaiimtm-'Compotmd*, 

a.  These  compounds  may  be  formulated  as  salts  of  ammonium -bases,  if  it  be  ad- 
mitt«>d  that  the  hydrogen  m  the  ammonium-molecule  may  in  some  easee  bejoutly 
replaced  by  ammonium  itself,  in  others  by  the  diatomic  radicles,  Pt**Cl*  and  PiM) : 
thus,  taking  the  chlorides  for  example: 


N»[H*(NH^)»Pt»'].Cl». 
Chloride  of  DiaramupUUMo- 
diair:inontuni. 

^^^[H'lPt'^ci'ri.a*. 

Chloride  of  Chlnroplatoso- 
dianimonliim. 


N*H«Pt"Cl»  -  N^H'Pt'T'.a* 

DIuDmoDlo-  Chloride  of  PlMtoto- 

pUtinoui  chloride.  diaminonlum. 

N*H»Pt*Cl* 

Tetrammonlo- 
pUttnout  chloride. 

N'H'Pf'Cl^ 

Diammonio- 

pUtiolc  chloride. 

N'H'^PfCl*  -  N'(H"Pt'').a*. 

Tetranimonlo-  Chloride  of  FlatiiKH 

pUtinlc  chloride.  tetrammonium. 

In  like  manner,  diammonio-platinic  oxide,  N*H'Pt'*0\  may  be  formulated 
as  oxide  of  oxyplatosammonium,  N*[H*(Pt'*0)"].0 ;  diammonio-platinic  oxynitrate, 

N«H«.Pt»'H^^*/,   as    nitrate  of   oxyplatosodiammmonium,   N»[H«(Pt»'0)*]^NO»)« 

Raewsky's  octammonio-dtplatinic-nitratoxychloride,  N*H^*.Pt'-{     0  ,  as  nitrate  of  am 

mo-oxychloro-platino-tetrammonium.  N*[H«(NH^«(Pt"OnR»'ClT](NO«)*,  &c,  &c. 

/3.  Gerhardft  Theory.  Oerhardt  regards  the  ammoniaeal  plationm-coro pounds  u 
salts  of  ammonia-bases  formed  by  the  substitution  of  one  or  tvo  equivalents  of  pUtinura 
for  hydrogen  in  a  single  or  double  molecule  of  ammonia,  NH',  admitting,  however,  tbat 
platinum  may  enter  its  compounds  with  two  different  equivalent  weights,  namely  as 
platinosum  =  987  «  Pt,  and  as  p/atinicum  »  49-35  »  pt.  This  being  admitted, 
the  ammonio-platinous  compounds  may  be  regarded  as  salts  of  platosamine  NU'Pt 
and  of  diplatosamine  N*H*Pt,  and  the  ammonio-platinic  compounds  as  salts  uf 
platinamine  NHpt' and  of  dipUtinamine  N'H*pt':  thus 


i(N»H«pt"a») 

Diammonio- 
platinout  chloride. 

J(N*H'*Pt"Cl«)      =3 

Tetrammonlo- 
platlnous  chloride. 

i(N«H-Pt"Cl*)       - 

Dlammonlo- 
platloic  chloride. 

i(N*H'«Pt"Cl«)        - 
Telrnnmonlo- 
plftUoic  chloride. 

l[N*H»«.Pt"(NO")«aT       - 

TeCrammonio-pUtl  n  Ic 
NItrato-chtoride. 


NHTtHa. 

Hydrochloratc  of 

PUtotainliie. 

N'H'Pt.HCl 

Hrdroohlorate  i»f 
DiplatuMmloe. 

NHpt».2na. 

Dthfdrochlorate 
of  Platinamine. 

N"H*pt«.2HCl. 

DihTdrochloraCe  of 

Diplatinamlne. 

Chlorh^dro-nitrflte 
of  DlpUUnamlDe. 


N«H«it«(NO')*Cl«0        -        2  [2irH*pt»  |  f^Q.]- 


n.Hv 


Oetammonla-diplatinic 
u\U%!iQMch'orkl«. 


Secqulchlorhydreoltrate 
of  mplailnainine, 
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'  Then  fi>rmnltt,  however,  aa  well  as  those  hased  on  the  ammoniam-type  (p.  678), 
Boat  be  regarded  merely  as  onmerical  expressions,  and  not  by  any  means  aa  rep z«- 
•entations  of  the  ration^  ccmstitution  of  the  compoonds. 

V&ATZjnrM-BASBB,  OKOAVZC.  Methylnmme  and  etliylamine  act  readily 
atordinaiy  temperatures  on  nlatinous  chloride  sospended  in  water,  forming  componnda 
analogous  in  composition  and  properties  to  Magnus's  green  salt  (p.  674).    The  methyi* 

amne-salt,   (CH»N)*Pta*  «  Pt''CR(CH*N)*Pt''Cl»,  is  a  chrome-green  powder;   the 

ttktilamiw-Bolt^  (C*H'N)*Pt*Cl*,  is  chamois-coloured ;  both  areinsohible  in  water.  The 
methylamine  salt  boiled  in  a  seiiled  tlack  with  excess  of  roethylamine,  gradually 
dissolves,  learuig  only  a  smnll  quantity  of  a  black  detonat  ng  substance  anaIo;;:ous  to 
fulminating  platinum  (p.  676).  and  the  solution  eruporatefl  to  a  syrup,  ultimately 
solidifies  to  a  crvst^iUinti  mass  of  the  salt  (CH^N)'PtrCl',  analogous  to  tetramnionio- 
platinous  chloride  (p.  675).  The  ffhy/amine-salt  (C'H'N)*.Pt'Cl^  prepared  in  like 
manner,  crystallises  m  splendid  colourless  prisms  containing  2  at.  wat^-r,  moderately 
soluble  in  water,  sparingly  so  in  alcohol.  Thia  salt  treated  with  sulphate  of  silver 
yields  chloride  of  silver,  a«d  tt  in  thylammmiio-plaiinou$  jw/jsArt^f  (C'H'N)*.Pt'(SO*), 
in  coliiurless  crystals  of  considerable  size.     (Wurtz,  Ann.  Ch.  Phys.  [3]  xxx.  443.) 

Ckinoline  heated  to  boiling  with  plutinuus  chloride  forms  a  pale  yellow  powder, 
(C*H'N)'.Pt''Cl',  which  is  nearly  insoluble  in  water,  but  dissolves  in  excess  of  chino- 
line,  forming  a  solution  from  which  acids  throw  down  the  yellow  hydmehlorate, 
(C'»H'N)''.Pt"Cl*.2Ha:  this  latter,  when  boiled  with  chinoline,  is  reconverted  into  the 
original  substance.    (Gr.  Williams,  Jahresb.  1858,  p.  357.) 

IHptridine  forms  under  similar  circumstances,  ana  with  energetic  action,  a  yellow 
eompound(C»II"N)'Pt*'Cl',6olubleinabirgequantity  of  boiling  water.  (Or.  Williams.) 

VAATZanrat-BXiACX.    See  PLATzmnc  (p.  666). 

VKATJJI  UM-OXa  or  Native  Platinum.    This  ore  is  usually  found  in  auriferous 

alluvial  sand  or  drit^,  in  thin  scales  or  irregular  grains  not  exceeding  the  size  of  a 
small  pea,  occasionally  however  in  larger  masses  or  nuggets ;  one  of  these  weighing 
800  grammes  was  found  in  the  gold  mine  of  Condoto,  Peru;  and  in  the  mines  of 
Pemidoff  in  the  Ural,  masses  have  been  found  weighing  6L  9,  and  9|  kilogrammes. 

Platinum-ore  is  composed  essentially  of  platinum,  indium,  osmium,  palladium, 
rhodium,  ruthenium,  iron,  copper,  and  osmide  of  iridium,  with  which  also  are  associated 
chrome-iron,  titaniferons  iron,  small  scales  of  alluysof  gold  and  silver,  small  hyacinths, 
and  small  quantities  of  mercury  and  sand. 

Analyses:  a.  From  Giroblagudat  in  the  Ural;  non-magnetic:  a.  byBerzeliua 
(Pogg.  Ann,  xiii.  436,  627,  663);  $.  by  Glaus,  Btitrdgv  sur  Gisehiehte  der  Platin- 
metaUe,  Dorpat,  1864,  p.  60). — b.  From  Nischne  Tagilsfc:  a.  by  Osann  {RammeUbtr^s 
Minerakkemie,  p,  11);  /8.  Very  dark  grey;  magnetic;  y.  Dark  grey,  non-maguetio 
grains  (Berzeliua). — c.  From  Barba<^n,  Oregon:  larger  grains  (Berzelius). — 
d.  From  the  same  locality  (Claus). — e.  From  Borneo :  small  grains  (after  deduction 
of  3"8per  cent. osmide  of  iridium  and  0*2  gold  (Bocking,  Ann.  Ch.  Pharm.  xcvi.  243). 
— /.  From  the  same:  laminae  or  flat  grains  (after  deduction  of  3*97  per  cent,  gold  and 
8'S3  insoluble  matter,  containing  osmide  of  iridium  and  1-63  per  cent,  cupric  and  ferrio 
oxides)  (Bleckerode,  Pogg.  Ann.  ciii.  656). 
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A. 

c. 

4, 

tf. 

/. 

a. 

3. 

o. 

»•  \  r  \ 

Platinum     • 

86-60 

86-97 

83-07 

78-94  73-58  8430 

84-80 

86-10 

8205 

Rhodium     . 

116 

0-96 

0-69 

0-86 

116 

3-46 

207 

0-59 

Iridium 

,     , 

0-98 

1-91 

4-97 

2-36 

1-46 

102 

0-69 

716 

Osmium*     • 

. 

0-64 

, 

.     . 

, 

103 

101 

0-31 

1-34 

Palladium  . 

110 

0-76 

0-26 

0-28 

0-30 

106 

1-00 

1-69 

Iron    .... 

8-32 

6-64 

10-79 

11-04 

12-98 

6-31 

8-28 

11-12 

6-78 

Copper 

0-45 

0-86 

1-30 

0-70 

5-20 

0-74 

064 

014 

0-39 

Admixtures,  oamin- 
dium&&              )  ' 

I 

1-40 

2-10 

1-80 

1-96 

2-80 

072t 

98-92 

98-70  ,99-72 

98-76  |97-86'm*08 

98-82 

98-36 

100*00 

*  The  lotf  couiftti  pftfUjr  of  otmium> 
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The  following  table  contain!  the  rMtUta  of  analjMfl  of  platinum-of*  &om  ^ 
localities  by  Derille  and  Bebray. 


PUtlntiTn . 

Iri<tlu<i>     . 
lihnttunn  . 
PaIUJIiub 
r,n\d 
Ci>iipDr      . 

Osm-Uldlum 
Aaiid .        , 

Le*tl 
Oirnlmn  and  li 


10»S 


I 


Wetlioda  of  Analjals.  Th^  flrat  roniplet«  method  of  anAlrmng  platinnm'Orewia 
girrn  by  Beraclius  in  1828  ;  this  will  be  found  fully  described  in  Gnultna  ffandhtmk 
(ti.  269—264).  Claus  in  1R,H  {BritrHgr  ntr  GrMchicht^  dfr  I^atinmrtaUe)  \nvwmti 
a  aimpler  and  in  Bomft  respects  more  exact  method,  and  recently  anothf^r  mHhoa  hai 
be«n  derised  by  Deville  and  Debray  (Ann.  Ch.  Phys.  [3]  Iri.  386;  Jahn-aK 
1869,  p.  243). 

Claui's  Mfthod.  o.  M'thnnii^al  preparation  of  i)yt  ore  and  $olution  in  «iln»- 
muriatic  acid. — Thib  part  of  the  operation  is  performed  by  Claus  in  the  aamr  manacr 
as  by  BerseliuB. 

The  ore,  after  being  freed  from  grains  of  foreign  matfer  by  Tnechanioil  !vpar«tioii. 
and  by  the  nuignct,  is  troflted  with  dilat^^  hydrochloric  acid,  which  diaaolTcn  ferric 
oxide  and  tnetHllic  iron.  It  is  then  hfnted  in  u  tubulated  retort  httviug  a  coolr<:l 
receiver  adapted  to  it,  with  concentrated  hydrochloric  acid,  to  which  strong  nitric  and 
is  Added  from  timp  to  time,  as  the  action  dimininhes  in  intrnaity.  An  excess  of  nitnc 
acid  inu^t  be  avoided,  bocuiuie  it  would  decnmpose  the  chloriib*  of  iridium^  and  c»us^ 
the  separation  of  oxide  of  iridium  on  evaporation.  The  beat  is  continued  Till  fhs 
residue  in  the  retort  Ijecomea  fiympy  and  solidifies  on  cooling;  the  aaline  maas  is 
dia^otrcd  in  a  smiill  quantity  of  hot  water ;  and  the  eolation  is  can^fully  decunted  ftwa 
the  instduble  residue.  The  dijitilhite,  which  has  a  yelbwiah colour  arijiing  from  chloridp 
of  platinum  which  has  spirted  ovfr.  is  then  poured  upon  the  residue,  and  diatillrd 
ngnin,  without  boiling,  wlicreumn  a  colourU*>«dit»tilUte  of  dilute  osmie  acid  is  obtained. 
SIi<  uld  the  reniduc  still  contain  any  soluble  matter,  it  must  be  again  treated  in  tb* 
same  manner  with  aqua-regia. 

The  diitrillute  is  nentnilifled  with  ammonia  or  lime;  aaturated  with  imlphydric  aeU 
gan  in  a  l>ottle  nearly  filled  with  it ;  and  ttct  aaidf  for  »ome  days  with  the  buttle  dcanl 
Till  tji«^  precipitate  settles  down :  after  which  tho  watery  liquid  is  wparated  from  tb» 
snlphide  of  o<tminm  by  deciuitntion  and  filtering.  lu  tliis  manner  tiie  quantity  of 
Ofimiiim  in  the  distillate  in  detcnnined  {p,  214). 

3.  S'ytaratton  of  the  vtArr  twJaJs, — The  mode  of  separation  is  founded  :  first,  on  tht 
JDSolability  of  chloroplatinat«  of  ammonium,  and  the  correjiponding  salts  of  iridiom, 
oamium  and  ruthenium,  alsoof  chloramrhenite  of  ammonium,  in  aal-ammouiaciKiIntioD; 
ieTOJndly,  on  the  HoUibility  of  chloririditc  of  itmmouium  ^iii-  818),  and  of  the  cor* 
responding  rhodium-aalt  in  sal-ammoniac  solution  ;  and  thirdly,  on  the  conrertibility 
of  chloriridttti*  of  aTTimouium  into  chloririditc  by  the  action  of  sulphydric  acid. 

The  solution  containing  the  platinum  Sic,  af^er  being  separated  from  the  resiJne, 
is  evaporated  to  drj'iicss  over  the  water-biith  in  a  poiveUin  basin,  and  heated  for  totnt 
time  in  a  sand-bath  to  140"^— loO'^  in  onior  to  ronvfrt  the  teirachlnnde  of  iridium  into 
trichloride.  A  small  quantity  of  hydnwhloricacid  is  then  added  ;  the  whole  is  di*solml 
in  water,  and  mixed  wit.h  a  »troug  eululiou  uf  BHl-ammonioc :  and  the  resulting  pre- 
cipitate of  rhloroplatinatp  of  ammonium  is  collected  on  a  weight^  filter,  washed  with 
dilute  sal-ammoniac,  then  with  alcohol  of  0*80*  :  when  dried  and  wr-igh^  it  gives  tha 

?|uaniitT  of  platinum.  This  plntinum  contains  merely  a  small  quaurity  of  iridium, 
ift)m  which  it  may  be  freed  by  soltitron  in  nitromurintie  acid  contaiuing  an  excess  of 
nitric  acid.  The  iridium  is  tlien  left  behind,  and  maybe  caldned  with  the  filter,  iheo 
reduced  by  hydrogen  and  wei^lioi. 

The  mother-liqnora  from  which  the  chloroplarinate  of  ammonium  has  sepamted.  srt 
mixed  with  the  waah-watera,  and  exposwi  to  the  action  of  a  current  of  chlorine  till 
they  assume  the  brown-red  colour  of  tetrachloride  of  iridium,  thou  evaporAled  to 
dryneaa  over  the  wutcr-bath  ;  and  the  dry  mass  reduced  to  fine  powder  is  treated  with 
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«looliol  of  80  per  cent  till  Uie  wftshings  become  quite  colourless.  The  filtered  liqaid 
containB  all  the  iron  and  copper — which  may  be  determined  by  the  ordinary  methoda— 
with  scarcely  any  traces  of  the  piatinum-metala. 

The  residue  insoluble  in  alcohol  contains  all  the  platinum-metals  except  osmium ; 
the  quantity  of  ruthenium  in  it  is  however  too  small  to  be  estimated.  By  washing  it 
with  a  dilute  solution  of  sal-ammoniac,  till  the  liquid,  which  is  red  at  first,  runs  off 
colourless,  the  rhodium  and  palladium  are  entirely  dissolved,  while  platinum  and 
indium  remain  behind  (A),  The  solution  is  evaporated  to  dryness ;  the  dry  residue 
is  calcined  in  a  closed  platinum  crucible,  then  reduced  by  hydrogen,  and  the  mixture 
of  rhodium  and  palladium  is  weighed.  The  two  metaltt  are  then  treated  with  nttro- 
mnriatic  acid ;  the  resulting  solution,  which  contitins  all  the  palladium  together  with 
a  little  rhodium,  is  evaporated  nearly  to  dryness,  mixed  with  a  drop  of  caustic  8od»- 
Bolution,  and  precipitated  with  cyanide  of  mercury ;  and  the  precipitate,  after  washing, 
dzying.  and  ignition,  is  reduced  with  hydrogen  and  weighed  as  palladium.  The 
quantity  of  this  metal  deducted  from  the  total  weightof  the  two  metals,  gives  the  weight 
of  the  rhodium. 

The  residue  (A)  containing  platinum  and  iridium  is  heated  with  water  to  the  boiling 
point,  and  mixed  with  a  quantity  of  aqueous  sulphydric  acid,  sufficient  to  convert  the 
tetrachloride  of  iridium  into  trichloride.  The  liquid,  highly  concentrated  but  not 
filtered,  is  next  mixed  with  a  strong  solution  of  sal-ammoniac,  whereby  all  the  platinum 
is  precipitated,  and  the  iridium  retained  in  solution.  The  liquid  ia  filtered;  the  pre- 
cipitate washed  with  a  strong  solution  of  sal-ammoninc ;  the  filtrate  evaporated  to 
dr^ess;  the  salt  carefully  ignited ;  and  the  iridium  weighed  after  reduction  in  a 
stream  of  hydrc^en.  The  platinum-salt  is  likewise  ignited,  and  the  quantity  ot 
platinum  which  remains  is  added  to  that  previously  obtained.  To  prevent  loss,  it  is 
advisable  t^  wrap  up  the  saline  mixture,  which  contains  a  lai^e  quantity  of  sal- 
ammoniac,  in  filter-paper,  and  ignite  it  as  carefully  as  possible. 

The  residue  insoluble  in  nitromuriatic  acid  is  disintegrated,  according  to  WohlerVs 
method  (iii.  314),  by  mixing  it  with  chloride  of  sodium,  and  igniting  it  three  times 
in  a  stream  of  moist  chlorine.  The  mass  is  then  digested  several  times  with  water, 
and  tlie  united  solutions,  which,  besides  a  large  quantity  of  common  salt,  contain  all 
the  platinum-metals  (but  only  a  small  quantity  of  jpalladium)  and  considerable 
quantities  of  iron  and  copper,  are  strongly  concentrated  and  treated  with  chlorine  to 
convert  the  trichloride  of  iridium  into  tetrachloride.  A  strong  solution  of  sal-ammoniao 
is  then  added,  which  after  a  while  throws  down  the  whole  of  the  platinum,  iridium, 
ruthenium,  and  osmium,  while  rhodium,  palladium,  iron  and  copper  remain  in  solution. 
The  precipitate  is  washed  with  water  containing  sal-ammoniac,  then  dissolved  in 
boiling  water,  and  the  solution  is  kept  for  some  time  at  the  boiling  beat,  and  mixed  with 
a  few  drops  of  ammonia,  which  precipitates  osmium  and  ruthenium.  To  separate 
these  metals,  the  precipitate  is  f^ed  in  a  silver  crucible  with  a  mixture  of  2  nts.  nitrate 
and  1  pt.  hydrate  of  potassium,  and  the  fused  mass  is  treated  with  distiUed  water, 
whereby  a  solution  of  osmiate  and  rutheniate  of  potassium  is  obtained.  The  ruthenium 
is  then  precipitated  as  trioxide  by  nitric  acid,  and  separated  from  any  osmium  that  it 
may  stiU  contain  by  distillation  with  nitric  acid;  the  osmium  in  the  solution  is  like- 
wiue  separated  in  the  same  manner.  The  residue  containing  ruthenium  and  nitrate  of 
potassium  ia  treated  with  hydrochloric  acid,  and  the  liquid  is  concentrated  by  evapora- 
tion. On  cooling  it  deposits  crystals  of  nitre,  and  the  mother- liquor,  on  further  con- 
centration, deposits  chlororutheniate  of  potassium,  from  which  the  ruthenium  maybe 
separated  in  the  metallic  state  (see  Kutbsnium). 

The  solution  containing  the  platinum  and  iridium  is  treated  for  the  sepaiatiioii  of 
these  metals  in  the  manner  above  described.    See  also  OsuiRiDitTM  (p.  240). 

JDeville  and  Dchray^s  in.€thod. — 1.  To  determine  the  sand  (quartz,  zircon, 
chrome-iron,  and  titaniferous  iron),  2  grammes  of  the  ore  are  fused  in  a  small  earthen 
crucible,  with  7  to  10  grammes  of  pure  granulated  silver  and  10  grammes  of  fused  borax ; 
and  after  cooling,  the  button  of  silver  which  contains  the  osmium,  platinum,  and  all 
the  other  metals,  is  detached,  and  digested  if  necessary,  with  weak  hydrofluoric  acid, 
to  remove  the  last  portions  of  borax, — then  dried,  heated  to  redness,  and  weighed. 
The  weight  of  the  button  deducted  from  the  sum  of  the  weights  of  tiie  ore  and  the 
•ilver  employed,  gives  the  quantity  of  sand  in  the  ore. 

2.  To  determine  the  Osmiridium.— Two  grammes  of  the  ore  are  digested 
at  70°  with  nitromuriatic  acid  (composed  of  2  vols,  strong  hydrochloric  and  1  vol. 
strong  nitric  acid)  tiU  the  platinum  &c.  ia  completely  dissolved,  renewing  the  nitro- 
muriatic acid  till  it  no  longer  becomes  colouiwl  after  12  or  16  hours'  action.  The 
solution  is  very  carefully  decanted  from  the  residue  (any  spangles  of  osmiridium 
that  it  may  deposit  on  standing  being  collected  on  a  filter  and  added  to  the  residue) ; 
and  this  residue  is  thoroughly  wash^  by  decantation,  then  dried  and  weighed.    T^*^ 
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differeoM  betwM^n  thia  weight  and  thut  of  the  sand  prerioui];  drtemuned  giT«  tht 
veight  of  the  osiuiridium. 

The  rfguline  mass  free  from  sand,  obtained  in  the  fint  fftag««  of  the  proce«^  may  ibo 
he  usM  fur  the  estimation  of  Die  odniindiiim.  the  aUrer  oontuined  iu  it  bang  diasolT^ 
out  bjT  nitric  acid^  and  the  residue,  which  contjLtns  the  osmiridiiim,  trakted  in  tht 
inunnt^r  just  described. 

.^.  To  dftt'rmine  ilie  platinnm  and  iridium,  the  solution  ohraioed  bj  trefttin^tbi 
on*  with  nitromunntic  ai^d  i-^  pvapnratod  nearly  to  dr)'ne«8  atagenlle  h(*at;  the  rabdne 
is  treated  with  a  smaU  quantity  of  water  (in  which  it  should  diasolre  ooiDp]et«*lirX  tbra 
with  a  rolume  uf  uure  aU-uhol  equal  to  twicv  that  of  th«f  wat^r;  a  laigc  vxceae  of  fmro 
cn)ftalti«*d  chloriae  of  ammoniiini  is  addtnl;  and  the  tiqoid  is  gently  warmed  till  the 
i«l-Mnirooniae  in  nt^rly  difiNolriKl,  then  stirred,  and  IfJt  at  rebt  for  24  hours.  Tha 
resulting  prccipitftte  rontaining  the  platinum  and  iridinm  (hut  not  the  wholr)  is  col- 
lected on  a  lilttr,  wa.<ihet)  with  alcohol  of  lli  percpnt^  then  drird  and  ignitod  at  the  loweA 
popsiblc  lenipemtun* — Btrij'S  of  [laper  moisl(?ued  with  oil  of  liirj»eutiDC  being  repeUt-dly 
tlir»twn  into  the  cruribl«  ut'lt-r  tin*  fill'»r  ha?  been  bttmed,  in  ordt-r  to  rodnce  the  oxide 
of  iridium  and  expel  the  last  traces  ofoMmium, — and  finally  ht'ated  to  whitenpsaifil  ihf 
wfii^ht  becomes  constiinc.  Tlio  mixturt*  of  platinum  and  iridium  thus  obtainrd  h 
weighed  and  digcatod  at  40° — S0^  with  nitromuriatic  acid  diluted  witli  four  or  At* 
times  ltd  weight  of  wat'T.  the  liquid  bi-iiig  rt'oewed  from  tiro*'  to  time  till  it  no  lonc^r 
_l»ecomes  coloured;  the  undietiolvt^  portion  in  piirt^*  iridium.  The  liquid  decanted  from 
the  above-men  Ho  runl  prpcimtntp  (cdntainliiy:  pbitinum  and  iridinm)  formed  b_r  tiid 
pitl-aMinioniao,  is  eTaporatod  till  a  gn^at  part  of  the  ml-a)um<^niiic  has  crysfnllLfiC'l  out. 
and  filtered  when  culd  ;  it  then  depnsita  a  small  additional  quantity  of  platiniffrrnu 
rhloriridintt*  of  ammonium,  which  is  to  be  vuhod  with  solution  of  sal-anunoniac,  tha 
witli  al-.-ohol,  and  tr*'fttt:'d  as  alxtve. 

4.  The  nli-oholic  liquid  freed  from  platinum  and  indintn  by  ppPcJpitation  with  al- 
Rmmunioc  still  oonlnins  pallndium,  iron,  copper,  p>ld  and  rhodium.  It  in  freed  fron 
ali*oliol  hv  warming,  friim  fral-ammnntae  by  diiji'j'fion  with  exccea  of  nitric  arid  (which 
rpsoirea  this  salt  into  nitrogen  and  hydrochloric  acid),  then  pvaporated  nrarly  to  dry- 
ne*4fi.  Th<*  residue  is  completely  dried  in  a  porcelain  crucible  which  can  be  coremi, 
then  moistened  with  concentrated  aqueoDa  sulphide  of  ammoniam.  carefniiy  and  cmn- 
plvtoly  dn*Hl  after  addition  of  2  or  3  pts.  of  pure  flowers  of  sulphur,  and  finally 
heoted  lo  bright  redness,  the  porcelain  crucibh'  being  placed  within  a  ooTcred  mr-rlin 
erucible^  8o  that  lumps  of  charcoal  may  be  pkced  beiwt-en  the  two,  and  iirnir*'>l  fnu 
abiive  downwards.  The  weighed  contents  of  the  oruoible,  consisting  of  rcluLfd  [wtlii- 
dium,  sniphide  of  inm.  Fe'8*,  sulphide  of  copper,  Cn*S,  and  mrtullic  gold  and  ph""iiurn, 
ar«  diirepti'd  for  some  time  at  70*  with  rather  strong  nitric  acid,  which  diwolr*^ 
pulladium.  imn  and  copper;  the  solution  isemporaled  to  drynvj««  :  the  residue  hf^frd 
to  dull  redness;  aud  the  ignited  mass  treated  with  somewhat  dilute  hydrodilori'*  an"J 
which  dissolves  the  iron  aud  i-opper  as  ferric  and  cupric  cldorides,  leaving  palladiant 
nndissolTcd.  On  evap<irBting  the  solution  lo  dr3'Doss  at  lOO"^.  and  treatioe  the  residue 
with  aqueims  ammonia,  the  cupper  dinsolTes  tta  cupric  chloride,  while  the  iron 
remains  as  ferric  oxide.  Tht*  ammoniacal  aolation  is  concentrated,  the  copper  coDpertrd 
into  DitmFe  by  addition  of  nitric  acid  aud  evAporatioa,  then  into  cupric  oxide  by 
igniting  the  residue,  aud  weighinl  in  that  form.  La!<tly,  the  jmrtion  of  the  contents  of 
tht*  porcelain  crucible,  insoluble  in  nitric  acid,  consi»>ting  of  gold  and  rhodium,  is 
digested  in  weak  nttrnmuriiitic  acid,  which  ditwolves  the  gold  and  leaves  the  rhodion. 

It  is  by  this  method  that  the  analyses  of  platinum-orc,  the  results  of  which  are  given 
at  page  680,  were  made.  For  the  commercial  assay  of  platinum-ores,  DeviUe  and 
Debray  give  the  following  method. 

The  gold  is  extracted  by  reiM*aredlT  treating  the  ore  with  small  qoantitiea  of  mer- 
cury and  weighed  after  distilling  off  the  mercury  from  the  liquid  amalgam.  This  pro- 
cess makeH  the  nmount  of  gold  rather  too  small ;  on  the  other  hand,  it  is  obtained 
elightly  in  excess  by  treatittg  the  ore  with  weak  uitromurialic  acid,  en^rating,  and 
igniting  the  residue. 

The  sand  is  determined  as  above  described  (p.  681). 

To  determine  the  platinum.  fiO  gnns.  of  the  ore  are  fused  with  "5  grms.  of  pnrel«id, 
fiO  grms.  of  pure  well  ciystallised  galena,  and  10  to  15  grms.  of  bor»i,  the  heat  being 
raised  to  the  melting  point  of  silver  and  kept  at  that  tempemture  till  no  more  grains 
of  platinum  can  be  perrfivrd  on  utirring  the  fused  mjias  with  a  pipe-stem,  after  whtrh 
the  heat  is  increaaed  and  60  grms.  of  litharge  are  gradually  added  ia  proportion  as  it 
i*  reduced.  The  whole  is  then  left  to  cool,  and  the  regnline  mass,  after  being  cleanfed 
from  slag,  is  weighed.  The  mass,  weighing  about  200  grms.,  contains  the  platiuum- 
mctals  olluyed  with  leaj,  also  the  oamido  of  iridium  mixed  up  with  ita  lower  pari, 
while  the  iron  and  copper  have  luisscd  iuto  the  slag.    The  low«r  portion  of  this  regulot 
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H  next  sftwn  off;  the  tipper  (ftmonnting  to  about  ^tha  of  the  whole)  U  weighed  together 
with  the  shaTings ;  a  portion  of  it,  amounting  to  ^th,  is  cupelled  with  an  exactly  weighed 
portion  of  ailrer  (equ^  to  5  or  6  timea  the  weight  of  platinum  supposed  to  be  present), 
and  if  necessary  with  an  additional  quantity  of  lead,  at  the  temperature  re<^uired  for  a 

Stld  assay.  The  platinum  then  remains  alloyed  with  silver,  and  the  weight  of  the 
tter,  diminisbed  by  that  of  the  silver  added,  gives  the  weight  of  the  platinum,  and 
ten  times  this  weight  is  the  total  amount  of  platinum  in  the  portion  of  ore  taken  for  the 
assay.  This  result  is  however  affected  vith  a  slight  error,  arising  from  the  small 
quantity  of  osmiridium  in  the  lower  part  of  the  regnlus.  To  avoid  this  source  of  inac- 
curacy, the  following  method  may  be  adopted. 

The  lower  part  (^th)  of  the  regulus  is  heated  with  ten  times  its  weight  of  nitric  acid 
diluted  with  an  equal  volume  of  water,  till  all  the  lead  is  dissolved,  and  nothing  is  left 
but  a  fine  powder  consisting  of  platinum  and  (»miridium.  This  residue,  ajEter 
being  carefully  washed  by  decantation,  first  with  acidulated,  then  with  pure  warm 
water,  is  dried  and  weighed,  then  treated  with  nitromuriatic  add,  which  dissolves  out 
the  platinum  ;  and  the  osmiridium  which  remains  undissolved  is  finally  washed,  dried, 
and  weighed.  Its  weight,  deducted  from  that  of  the  residud  insoluble  in  nitric  add* 
gives  the  weight  of  the  platinum. 

The  proportion  of  platinum  found  bv  the  assay  must  however  be  diminished  bj 
about  4  per  cent,  to  aUow  for  the  palladium,  rhodium,  and  iridium  which  exist  in  the 
ore  always  to  the  amount  of  4  to  5  per  cent,  and  are  not  separated  by  the  process  juat 
described. 

Platinum-residues. — For  the  analysis  of  the  matters  which  remain  undissolved 
when  platinum-ore  is  digested  in  nitromuriatic  acid  (insoluble  residues),  and  for  those 
obtained  by  precipitation  with  metallic  iron  from  the  solution  previously  freed  from 
platinum  and  palladium  (precipitated  residufs),  Deville  and  Bebray  girethe  following 
methods. 

a.  The  insolubU  residues  contidn  all  the  platinum-metals,  but  consist  chiefly  of  osmi- 
ridium and  sand  in  very  variable  proportions.  60  grms.  of  the  residue  are  introduced 
into  a  crudble  together  with  150  to  200  grms.  litharge  and  SO  to  100  grma.  lead— the 
lead  at  the  bottom,  then  the  mixture  of  platinum-residue  and  litharge,  and  pure 
litharge  at  the  top — and  heated  to  redness  for  half-an-hour,  stirring  from  time  to  time 
with  an  earthenware  rod ;  after  which  the  crucible  is  left  to  cool  and  the  reguline  mass 
isfre^  from  slag  (the  lithatge  may  be  completely  removed  by  a  few  hours*  treatment 
with  hot  acetic  acid  and  subsequent  brushing).  This  mams  is  treated  with  dilute  nitric 
add  at  100°  till  the  lead  is  completely  dissolved ;  the  solution,  which  contains  lead  and 
palladium,  is  freed  from  lead  by  a  slight  excess  of  sulphuric  acid,  then  evaporated 
nearly  to  dryness  at  a  temperature  not  exceeding  120° ;  the  residue  is  treated  with 
water;  and  from  the  resulting  solution,  the  palladium  is  predpitated  as  cyanide. 
The  residue  left  undissolved  by  the  nitric  add  is  thoroughly  washed  with  boiling 
water  slightly  acidulated  with  nitric  add;  then  dried  and  weighed  (let  the  weight  be 
called  A);  treated  with  nitromuriatic  acid,  which  quickly  dissolves  the  platinum 
together  with  a  little  iridium  and  rhodium ;  and  the  weight  (B)  of  the  undissolved 
matter  is  determined  :  this  is  osmiridium.  The  nitromuriatic  acid  solution  contains 
chiefly  platinum,  the  quantity  of  which  is  nearly  equal  to  A  —£.  Its  weight  may 
be  more  exactly  determined,  together  with  that  of  the  iridium,  by  precipitating  a 
finely  divided  mixture  of  the  two  metals  in  the  mannf^r  given  at  page  681,  and  cus- 
solving  out  the  platinum  with  weak  nitromuriatic  add.  The  rhodium  may  also  be 
determined  by  the  method  already  given  for  the  analysis  of  platinum-ores. 

fi.  The  precipitated  rmduea  are  analysed  nearly  in  the  same  manner,  a  smaller 
quantity,  however,  viz.  10  gnus.,  being  taken,  and  frised  with  10  to  16  grms.  lead  and 
80  to  40  grms.  litharge.  The  resulting  metallic  mass  contains — besides  lead,  which 
must  be  carefully  precipitated  as  sulphate — palladium,  to  be  precipitated  aa  cyanide 
in  the  manner  above  described,  and  rhodium,  which  mav  be  determined  by  evapo> 
rating  the  flltered  liquid  to  dryness,  and  reducing  the  residue  with  addition  of  sulphur 
in  the  manner  described  at  page  682,  No.  4.  From  the  residue  insoluble  in  nitric  add, 
the  platinum  is  dissolved  by  nitromuriatic  acid,  together  with  small  quantities  of 
iridium  and  rhodium,  to  be  determined  by  methods  already  detailed,  and  there 
then  remains  a  residue  consisting  chiefly  of  i  ridium  tt^ether  with  a  small  quantitf 
of  osmiridium  (which  was  probably  suspended  in  the  liquids  from  which  the  pre- 
dpitated residues  were  obtained).  The  slag,  consisting  chiefly  of  litharge,  contains  the 
iron  and  copper  which  were  present  in  the  precipitated  residues. 

The  following  are  the  results  of  the  analysis  of  several  platinum  residues  made  by 
tiufl  method. 
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PLATOSOPYRIDINE. 

Insoluble  Bendues. 


1 

12-35 
018 

0-63 

016 
86-79 

a 

S 

ft 

S 

e      y 

• 

• 

OBmiridinm  • 
PalUdium     . 
Platinum  with  tnem  of  | 
Iridium      •         •         { 
Rhodium      • 
Sand    .... 

3400 
6600 

29-16 

0-90 

013 
69-82 

92-60 
002 

0-78 

0*10 
6-60 

100 

96-10 
0-02 

0-18 

0-20 
3-60 

100 

94-20 .26-60 
002    0-70 

0-86    7-00 

0-88    0-20 
4  04  66-60 

83-60  60*10 
.    .     0-87 

.     .     2-14 

.      1-86 
16-40  S6'03* 

100 

100 

100 

100 

100 

100 

100 

PrtcipitaUd  Bmdun, 


a. 

Palladinm 0*8 

Plattnnm 0-8 

Rhodium 21 

Rhodium,  Iridium  and  Osmiridtum     21*8 
Common  metals    ....      742 


1000 


h. 

Ormtridinm         .        •        •        .  S-S 

Palladium  .        .        .        .        .  1-S 

Flatinua 0*5 

Iridium 33*S 

Rhodium 6*4 

Common  metals           ...  66*4 


100-0 


a.  From  the  Russian  mint :  nnall  irregular 

b.  Black  powder  with  crystalline  scalea. 


AnaiysU  of  Osmiridium  according  to  Beville  and  Debmy. — The  sand  is  first 
determined  by  the  method  already  given  (p.  681).  The  osmiridinm  is  then  disinte- 
grated by  fusion  with  metallic  Etnc  as  described  under  Ibidium  (iii.  316),  then  mixed 
with  5  pte.  of  barium -peroxide,  or  3  pts.  peroxide  and  1  pt  nitrate  of  barium,  and 
heated  moderately  fur  an  hour  or  two  in  a  eiirer  crucible  having  a  close-fitting  oorer. 
The  ma»8  when  cold  is  detached  by  pressing  the  sides  of  the  crucible,  and  transfened 
to  a  capacious  porcelain  dish,  in  which  it  is  mixed  with  hydrochloric  acid  and  a  little 
nitric  acid  (care  being  uken  to  avoid  loss  by  spirting^.  The  mixture  is  heated  to 
boilinj;  till  the  o<lour  of  osmicacid  has  entirely  disappeared,  then  ev^wrated  to  diy* 
ness  slowly  and  at  a  mwlerate  heat;  the  residue  is  digested  with  warm  water  and  a 
little  acid :  and  the  solution  is  decanted  from  a  smutl  portion  of  silica  and  osmiridinm, 
the  weight  of  the  latter  l^ing  determined  and  allowed  for.  From  the  soIotioQ  tbs 
barium  is  precipitated  by  a  quantity  of  titrated  sulphuric  acid,  equivalent  to  the  weight 
ofthe  peroxide  and  nitrate  ofbariuni  used  (a  very  slight  excess,  however,  does  no  hum); 
the  filtrate  in  treated  with  sal-ammoniac  to  precipitate  the  iridium,  mthcfiiun  and 
platinum:  this  precipitate  is  reduced ;  the  platinumis  dissolved  out  of  it  by  dilttto 
nitromuriatic  acid :  and  the  residue  is  fused  with  nitrate  and  hydrate  of  potassivii^ 
whereby  it  is  resolved  into  iridium  which  remains  almost unattacked,  aod  ratbenioBi 
which  dissolves.  The  rhodium  (together  with  any  iron  and  copper  that  may  be  pr»* 
sent)  remains  in  the  liquid  from  which  the  iridium  &c  has  been  precipitated  by  sal* 
ammoniac,  and  is  reduced  therefrom  by  the  method  already  described  (p.  682).  TTie 
osmium  is  estimated  by  loss,  a  method  which  DeriUe  and  Debray  regjuded  as  mors 
trustworthy  than  the  collection  of  the  osmic  acid  and  the  determination  of  the  ooninm 
therefrom. 

The  composition  of  several  samples  of  the  mineral  as  determined  by  Derills  and 
Debray,  and  others,  is  given  under  Ibiuosmikb  (iii.  324). 

»&ATZVtrM-aSSZ»iraS.     See  page  683. 

VKATZSmK-SPOVOB.    Finely  divided  platinum,  obtained  by  igniting  chkco- 

platin^«  of  ammonium  (p.  663). 

V&ATOSAMCZn.  NH'Pt. — The  ammnnia-base  supposed  by  On-hardt  to  exist 
in  the  ammonio-platinous  compounds.     See  PtATmi'M- basks,  AmcoxtACAL  (p.  678). 

VX»ATOSaTHTX.A]azVB,     PKATOSOVTXZlUEn.       Hypothetical  1 
analogous  to  platosamine.    (See  Platinitx-basiis,  OsoAjnc;  p.  679.) 

■  With  (be  commoo  meuU  and  wpcdaUj  tilTar. 
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Natire  peroxide  of  lead,  FbO*,  fix)m  Leadhillfl,  Scotland. 

F&aovAST.     Fermginoas  spinel  (see  Spinxl). 

F&au&OCXi&sa.    Syn.  with  W^amanv  (see  Fsosfiutbs,  p.  569). 

9UXXAX,    See  Misfickbl  (iii.  1026). 

V&OCABXA  XiZCBBVOZDas*  One  of  the  ftlgse  from  which  gelose  is  obtained 
(ii.  829). 

V3M>1WBGOnKMB.    Syn.  with  Plukbo-resimitb. 

V&OXBXVRZV.     Syn.  with  Barbozn  (i.  609). 

V&OHKaZBSZTa.  A  hydiated  silicate  of  calciam,  Ca''SiO*  2H*0,  formed  by  the 
■ctioD  of  a  hot  mineral  spring  at  Plombi^res  on  an  old  Boman  mortar.  It  is  deposited 
as  a  gelatinoos  nodular  mass,  which  on  exposure  to  the  air  becomes  hard,  opaque  and 
■now-white.     (Daubr^e,  Ann.  Min.  [5]  xiii.  214.) 

V&VSS.    See  Pacinis. 

V&mCB&CnV.  The  acrid  principle  of  the  root  Plumbago  europaa.  It  is  ob- 
tained by  repeatedly  boiling  the  ethereal  extract  of  the  root  with  water,  whence  it 
is  deposited  on  cooling,  and  may  be  purified  by  crystallisation  from  alcohol  or 
ether-alcohol.  It  crystallises  in  delicate  needles  or  prisms  often  grouped  in  tufts ;  haa 
a  styptic  saccharine  taste,  with  acrid  biting  after-taste;  melts  very  easily,  and  partly 
volatilises  unaltered  wh^n  heatt^l.  It  is  neutral,  nearly  insoluble  in  cold,  more  soluble 
in  boiling  water,  very  soluble  in  alcohol  and  ether.  It  dissolves  with  yellow  colour  in 
strong  sulphuric  and  in  fuming  nitric  acid,  and  is  precipitated  by  water  in  yellow 
flocks.  Alkalis  change  the  colour  of  the  solution  to  a  fine  cherry-red ;  acids  restore 
the  yellow  colour.  Basic  acetate  of  lead  also  colours  it  red,  and  forms  a  crimson 
precipitate.     (Dulong,  J.  Pharm.  xiv.  441.) 

VXmiSBAGO,     See  Caabox  (i.  758). 

V&tnKBSTBT&S.   See  Lead-badiclss,  Oboakic  (iii.  561). 

V&VMBXC  OCBBS.     Native  protoxide  of  lead  (see  Lbid,  iii.  549). 

V&ITMBOCAXiCXTB.  An  isomorphous  mixture  of  the  carbonates  of  lead  and 
calcium,  Pb''CO'.32Ca''CO',  occurring  in  rhombohedral  (orms  at  Beadhills,  and  in  the 
High  Pirn  Mine,  Wanlockhead,  I-anarkshire. 

F Xi VMCBOBSSXWZTXa  Phmbgomme,  BUigummi,  Gummiepath. — A  lead-mineral 
resembling  gum  arabic  in  colour  and  appearance,  found  at  Huelgoet  in  Brittany, 
at  Nussi^re  near  Beaujeu.  at  Roughteu  Gill,  Cumberland,  and  at  Mine  La  Motte, 
Missouri.  According  to  Berzeliufi,  it  is  a  hydrated  aluminate  of  lead,  Pb*O.Al*0*.6H'O 
or  Pb''Al*0*.6H'0.  Bamour  and  Dufr^noy,  on  the  other  hand,  found  in  it  about  8  per 
cent,  phosphoric  anhydride,  and  according  to  their  analysis  it  would  appear  to  be  a 

mixture  or  compound  of  phosphate  of  lead  with  hydrate  of  alumina,  Pb'P'O'.eAPHK**. 
(Dana,  ii.  431.) 

V&xrMBOSTZS.    Syn.  with  Boulxkgbutb  (i.  651). 

BXiiniCOSZTB.    Syn.  with  Hstebomorphitb  (iii.  151). 

ItM  MU  MATZO  TBOUOB.  See  Gasbs,  Collection  ▲nd  Pbbsbbtatiok  ov 
(u.  806). 

MBUmC  ACZS.  An  acid  existing,  accordingto  yerdeil(Compt  rend,  xxxiii. 
604),  in  the  parenchyma  of  the  lungs  of  moHt  animals.  It  is  very  soluble  in  water, 
insoluble  in  cold  alcohol,  but  soluble  in  boiling  alcohol,  whence  it  crystallises  in 
stellate  groups  of  shining  needles,  which  do  not  give  off  any  water  at  100°.  It  contains 
fsrbon,  nydrc^en,  nitrogen,  oxygen,  and  sulphur,  forms  crystallisable  salts,  and  de- 
eomposes  carbonates  (Gerh.  iii.  924). 

»OUUU8A.TZOXr,  BXBOTBZCA&.     See  Electricitt  (ii.  399,  429). 

roUUUSATZOV,  BCAOWBTZC.     See  MAONBTibH  (iii.  757,  763). 

»OXuA.KZ8B.TXOJr  OF  IiZOBT.     See  Light  (iii.  652). 

VOXAT-OXXh  A  volatile  oil  obtained  from  the  herb  of  Mtntha  Pukgium  at 
flowering  time,  by  distillation  with  water,  and  having,  according  to  Kane,  the  composi- 
tion of  camphor,  C"H'*0.  It  is  yellowish,  has  an  aromatic  odour,  a  specific  gravity  of 
0*9271  to  0-939;  boils  between  182°  and  185°,  and  leaves  a  small  quantity  of  solid 
matter  when  rectified.     (Handw.  d.  Chem.  vi.  615.) 

VO&ZAVXTB.    A  variety  of  native  peroxide  of  manganese  occuring  at  Flatten  in 


686 


POLIENE— rOLYBASITEL 


Bohemia,  iind,  together  with  pyrolojiite,  U  Sehnceberg  and  Johauniaberg  in  S«sonj. 
It  crynUlUs^ii,  Hke  pyrolusile,  in  trimetric  forma,  but  differs  frum  it  in  the  propomuoi 
of  its  axes,  and.  in  cleaving  distinctly  pomllcl  to  tho  bmchv<li:igt)nal  only.  wHt 


pyroluiiit«  cleaves  parallel  to  all  throe 
m.  b. 

PjroluHite        1    :    1-066 


It  is  aJao  distinguished  by  gnrater  hardua 

0  776  93*=  40'  2*26 

0  6317        e2>=  62'         6-6  to  7 


PoUanite  1    :    10613 

(Dana,  il  131  ;  Handw.  vi.  616.) 

PO&ZBVB.  Volckel's  name  for  one  of  the  eoaipoimds  obtained  bj  beating  snlpbo- 
cynunteof  ammoDium  (q.v.)  nbove  ■tOO'*.  Volckel  regards  it  aa  isomericirith  molamino 
or  ryflnunimide  (it.  287) ;  bat,  acco^Ung  to  Liubig,  it  ia  identical  with  luelam  (iii,  6lto) 
(at*e  Gitulin's  liand^KHtfC,  ix.  484), 

POXtZBHnrO  VOmSR.  Very  finely  divided  Serric  nxide,  naed  iox  |K)lUhibg 
opticul  plttf*M'8,  I'ttgu'TTL'otype  plutee,  &c. 

P01.XBHXVO  B&ATB.  Pitlirscki^tr, — A  poronn,  ulaty,  flne-eartby  roek,  mostly 
of  yollowish-white  colour,  conaiatiiig  almost  entirely  of  tiie  silic'^utf  shells  of  infiuom 
(Ehrenberg).  That  oocurrinff  on  the  Eritaehelberg  near  Uilia.  in  I^ohcraiu,  vu 
found  by  Baumann  {Eamm4sofr^$  Mintrakketftie,  p.  136)  to  contain  37'5H  percent, 
■iliea,  204  alumina  and  forrie  oxide,  1*00  lime,  O.'IO  mAgTi*'si&,  und  B'80  wmt«r.  In 
eume  places  it  is  found  to  be  conrt^etl  into  a  semi^opaline  substiince. 

PO&XlTX«  A  HilicAtc  of  aluminium  and  onium,  ocenrring,  together  with  Caitor 
(p.  361),  in  the  island  of  Klba.  It  resf^niblen  analeime  in  form;  is  coIourle»  uid 
trunsparent ;  haa  a  eonchoTdal  fracture  with  vitreouB  Itutre  on  the  fraeturrd  enrftcc 
Hardnesfl  -  65.  Specific  grurity  =<  2900.  When  heat*^d  itgivM  off  a  little  voter, 
and  brcomefl  truniqmrent,  and  when  heated  on  p1atinnm'wir«  with  a  little  flooride  of 
ammonium,  and  thf^n  moistoned  with  hydiwhloric  acid,  it  exhibits  in  tlie  epectroeoop* 
the  two  blue  lin'^sof  c^;egiiim,  togWher  with  the  Mxliam-lint^a.  Givee  by  HiialvHis  440) 
per  cent,  silica,  lo-97  aluinina,  0'68  ferric  oxide,  0'6R  limi*,  34"07  oxide  of  nernain, 
3-88  oxide  of  sodium,  and  2*40  water  »  101*71.  (F.  Fisani,  Bull.  Soc.  Chim.  [2j  i 
466.) 

Pollnx  was  diecorered  by  Breithaupt,  and  imperfectly  analysed  by  Plattorr  (with  s 
loss  of  7  pf*r  cnt.],  who  rcgardt^  it  as  a  silicate  of  aluminium,  potaMium.  and  sodisou 

POXT A T>aTiPHm>.  A  broimish-yeUow  garnet  from  the  Fronklia  fonisce, 
New  Jersey,  containing,  according  to  Weber  {RamituUft*Tg'a  Minrralcktmief  p.  6M  , 
34-83  per  cent  silica.  112  alumina,  2878  ferric  oxide,  882  manganous  oxidc^  24-0$ 
lime,  and  1-42  magncsiu  (~  98-97}. 

PO&TASOXTX.     A  rose-coloured  (^^nular  variety  of  onorthite  from  Tnnaberg  ia 

Sweden,  cootaioing,  according  to  A.  Erdraann  {Jiammdsl>fr^3  MifuralcAewtu^p.  592): 


SiO'. 
4312 


a.5G4 


0-H 


0-30 


£-88 


0-26 


0-67 


KiO. 
6-93 


4-93 


99-86. 


POZiTBASlTB.     A  Eailpharseno*aiitimonite  of  silver  and  copper,  oecitrrtng  in 

short  tabular  hcxAgonol  pmnis,  oP  .  ooP  .  F,  having  the  principal  axis  sb  1*4132, 
Angle  P:  P  in  the  t*'nnin!il  odges  «  129°  32':  in  tho  basal  edges  ==  117=;  oP:P- 
121''  30'.  The  terminal  plnnv-s  are  triangularly  striated  parallel  to  the  terminal 
edges.  Cleavage  basid,  imperfect.  It  occurs  also  mntssivp  and  disscmimited.  Hmdness 
«  2 — 3.  Specific  gravity  =  6214.  Lustre  mctailic.  Coloor  iron-black:  thin  tabular 
oystaln.  howerer.  appear  cherrj'-red  by  trunsmilt*^  light.  Streak  iron<black.  Opaqui^ 
Fracture  uneven. 

Analygrt:  a,  from  Schemnita;  b.  from  Freiberg (H.  Rose.  Pogg.  Ann.  xv.  67»); 

c.  from  Cornwall  (Jay's  MueeUamMUa  Chemieal  Ruearches,  Oottingen,  18^3,  p.  21); 

d.  Durango,  Mexico  (H.  Rose). 


S.               Sb.            Ai. 

Ak. 

Ca 

F«. 

Zn. 

a.     16-83         0*26         623 

72-43 

304 

0*33 

0-69     »       99-70 

b.     16-36         8-39         117 

6999 

411 

0-20 

.    .    -    loo-ao 

c.      16-87         6*46         341 

7201 

3*36 

0-34 

.      .     -     lOO-tf 

d.     17*04        609        3-74 

64-29 

9-93 

0-06 

.      .     -     100*15 

^fl  mineral  is  an   isomorphons  miiture 
S;  Cn'S)»(Sb>S' ;  Aii'S'),  in  which 

Of  Bulphur-salts  (Ag ;  Cn)»  (Sb ;  Aa)* 

Ag    ■    Cu 

Sb    !    As 

in  a  and  6     -»      9:1 

in  a 

-     1     :    40 

in  0     ^     10    :     1 

in  b 

-     9    :      » 

md    ^      4:1 

in  c  and  i 

-1:1 

I 

I 
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6t<*pbanit«  And  iron  pyrites  occur  as  pMudomorpha  after  poIybafliU.    (Dana,  ii.  85.) 

VOLTCB3fcB8T-8A3«T.  An  old  name  for  neatral  suIphAti}  of  potawiam ;  alao 
for  aodio-fRita-sftic  larfjate, 

FOIiTCBHOZIaZTS*  A  dilicste  fonofi  in  gneiss  At  Kragero^ .  Norway,  crystallised 
in  s(x-«»ided  prisms  of  about  120'^  with  flat  saramiu ;  ii1ik>  maraire  and  reniform. 
Hardnesa  «  3 — 35.  Lustre  greaay.  Colour  blati,  (^Tfvn,  brown,  luid  red,  rarely 
white.  According  to  an  analyKis  by  Dahl  {Ixonh  Jahrb,  1846,  p.  3Htf^.  it  ooDtaios 
62  per  cent  lilicu.  37  alumimi,  7  magnesia.  3  ferric  oride,  tog«tiier  with  lime  and 
water.     Sclieerer  found  leas  alumina  and  6  per  cenU  water. 

POI.TCHKOXTS.     Syn.  with  Skthaxix. 

POXiTCKKOUCS.     Syn.  with  Ae.«<iULIN  (i.  60). 

POXiTCBSOMZO  or  POZiTCHROBSATZC  ACZ3>.     Syn.  with  Axovnc  Acw 

(i.  148). 

PO&TGKASa.    See  Niobicm  (p.  67). 

POSiT£TH7£^ZC   AZ*COBOZi8.     See  Ethtlbmb.  HTHBAtn  or  (u,  676), 

VOZ.YaAZ.ZC   ACZS  or  POZ.TCAZ.Z3r.     Syn.  with  SBvaouf. 

PO&TOABKAItlV.  The  name  appli<>d  by  Reinscb  (Bn(«hn.  Ilepert.  xrii.  280) 
to  ft  on;ii;illiue  biritT  r*ul)*'tan'^c  which  romains,  togpther  with  wax  and  chlorophyll, 
when  the  alt^oholic  extract  of  Poli/galu  amara  ia  treated  with  ether. 

P0Z.yC01fflTnK  PAOOPTlltraK.     Buckwheat  (i.  SSA). 

POZ.Y'GX.TCZIS.ZC    AI.COHOZ.B.     S^  Oltcksti^  HTDaATBS  OT  (ii.  894). 

PO&YHA^ZTB.  K  crvHtJilIinp  mixture  or  compound  of  Tarioua  sulphates  repre- 
sentfKJ  by  the  formula  M'S0*.2H'0,  oocurruig  with  mck-salt  iu  various  locahties 
(Iscbl,  Au.<fS(-p,  Halltftadt,  Berchtesgntden,  Graiiad,  Stassfurtb,  Vic  in  the  dept.  of  the 
Meurthc,  &c.),  in  rhombic  prisms  of  lid''.  The  composition  varies  considerably,  as 
shuwn  by  (he  following  analyaea:  a.  from  Iwhl  (Stromeyer,  Unirtauchungen,  i 
144) ; — h.  from  Hallstndt  (v.  Hnuer,  Wien.  Akni.  Ber.  xi.  386) ;— «.  from  Eben^cc  (▼. 
Hauer)  ;—d.  from  ihp  rock-salt  of  Stassfurth  (Reichnrdt,  Jahresb.  1362,  p.  757)- 


C«"SO'. 

M,("S<H.       K'SO*. 

N»C1.         f^^O^. 

H»0. 

a. 

44-47 

2003         27'70 

019          0-34 

695 

«       98-96 

b. 

66  41 

1104          14-81 

12-16           .     . 

6-68 

»      100 

c. 

61-18 

13-53         1912 

028         0-41 

605 

^      100-52 

d. 

43-44 

20n6         26-22 

0-68  Mg-Cl* 

747 

-        98-27 

'Z.J 

.-COHXPOUVZIB. 

See    Lactic    Acm 

and 

L&cno    Eraxas 

(iii.  401—404). 

PO^T^ZTB.  A  Taripty  of  angite  from  Hrtltoken.  New  Jfr»ey,  containing,  acoonl* 
in^  to  Thomson  {OuiUncs,  i.  495),  4004  silica,  V  42  alumina,  3408  ferrous  oxide^ 
6"6  miinganous  oxide,  11-54  lime,  and  0"40  water. 

POXTHCZOUBK.  Iknlit's  arf>  siiid  to  be  polymeric  when  they  hsTe  the  samo 
percentage  compuHition,  but  different  molecular  weights;  the  olefinee  OH^  for  ex- 
ample (see  IsitVBRtsM,  iii.  416). 

PO&'YMZOmTZL  A  mineral  occurring  at  Freflriksvarn,  Norway,  in  trimetrie 
crvfilalfl  •omt'times  an  inch  long,  imbedded  in  feUpar  «utl  Eircon-iiyenite.  Axes 
a':h:c  =  1  :  10308  :  07262.  Angle  c»P  ;  ooP  =  fll-44';  oP  :  fgo  =  144**  3*. 
Observed  combination  oc^oo  .  oP  .  2P2  .  iJ**  .  2?«  .  Poo.  Clearagc  parallel  to 
<xP<xi  and  op  in  traoes.  The  crj'sL&la  are  usually  slender  and  longitudinally  striated. 
Hardnesa  =  6-5.  Specific  grarity  —  4-77^4'85.  Lustre  HubmrtnlliL*.  Colour  black. 
Streak  dark  brown.  Opaque.  Fnw!(nro  conchoiVbd.  It  oinlains,  acconliiig  to 
Berzelius  (Kongl  Vetenak.  Akad.  Forhandl.  Ih24,  ii.  339).  46  30  per  cent  titanic 
oxide,  14-14  zireonia,  12-20  fprric  oxide,  2'70  manpiiiie  oxide,  500  eerie  oxide, 
11-50  yttna,  and  4'20  lime.  The  difficulty  of  separating  the  titanic  ozido  and  sirconia 
renders  the  analj'sis  somewhat  nncprtain. 

POlbTlttOSPBZSK.  A  body  ia  said  to  be  polymorpbons  when  it  rryatalliscM  in 
two  or  mon*  forms  nut  derivftblr  nuo  from  the  other  (sec  bDiORrnisx,  ii.  331). 

POXTSZZiZCZC    ACZZIS,      See  SlXlGiTM, 

P0XY5pHZ3LZT£.  Brown  lead-ore  firom  the  Sonnenwirbat  mine  near  Freiberg 
(p.  567). 

POKTmsSBSarss^      Hydrocarbons  polymarie   with   oil  of   turpcstioe   (se« 

TK&KBVn). 


POLYTELITE— POPPY. 


VO&TTBUCTB-     See  Tstrahbdbitb. 

VOTLTTBIOmO  ACZBS.     See  Sulphub,.  Oxtoex-acxd8  or. 
■    VO&TXBWB.     An  old  name  of  native  platinum. 

yOMPBO&TZ.     An  old  name  for  impure  zinc-oxide,  eublimed  in  the  roasting  of 

sino-ores  and  In  the  melting  of  brass:  also  called  Nihitum  album. 

VOJrOABKZA.  The  seeds  of  Pongamia  glabra  contain  27  per  cent  of  a  darlc- 
yellow  fat  oil,  having  a  specific  gravitT  of  0*945,  a  poisonous  odour  and  bitter  taste, 
and  solidifying  at  8^.     (Lepine,  J".  Pharm.  [3]  xL  16.) 

FOOVAHXiITS.    A  variety  of  soolecite  &om  Foonah  in  Hindostao. 

rOFa«AX-BIFllS.  The  buds  of  Populu$  nigra  and  P.  ^yramidalia  contain  a 
eolouring  matter  called  chrysinic  acid,  associated  with  salicin,  a  volatile  oil,  and  a 
resinous  substance.  To  extnict  the  chrysinic  acid,  the  alcoholic  extract  of  the  buds  is 
treated  with  bitsic  acetate  of  lead;  the  solution,  freed  from  lead  by  sulpbydric 
acid  and  filtered,  is  evaporated  to  dryness ;  and  the  residue  is  treated  with  water  to 
remove  salicin,  then  freed  from  resin  by  redissolving  it  in  alcohol,  and  precipitating  a 
second  time  with  basic  acetate  of  lead.  The  liquid,  if  left  to  itself,  after  being  freed  from 
lead,  deposits,  after  a  while,  a  white  powder  consisting  of  chrysinic  acid,  which  may  be 
purified  by  recrystalliRation  from  alcohol. 

Chrysinic  acid,  C"H*0',  crystallises  in  thin  fiwgile  laminae,  perfectly  white  if  pre- 
served from  contact  with  ammoniacal  vapours.  It  is  anhydrous,  bears  a  heat  of  200^ 
without  decomposing,  and  sublimes  in  fine  needles  at  a  higher  temperature.  It  is 
nearly  insoluble  in  water,  soluble  in  boiling,  less  soluble  in  cold  alcohol,  soluble  in 
ether. 

Chrysinic  acid  dissolves  with  a  6ne  yellow  colour  in  strong  sulphuric  acid  and  in 
alkalis;  baryta  and  lime  alK)  colour  it  yellow,  but  do  not  dissolve  it  easily.  Kitric 
acid  first  colours  it  yellow,  then  decomposes  it ;  acetic  acid  and  hydrochloric  acid  have 
no  action  upon  it.  With  iron-salts  it  forms  a  dirty-green  precipitate ;  with  neutral 
lead-acetate,  no  precipitate ;  with  the  basic  acetate  a  slight  precipitate,  soluble  in 
acetic  acid.  The  alcoholic  solution  of  the  acid  mixed  with  chloride  of  lime  becomes 
yellow  in  the  cold  and  red  when  heated. 

Chri/ttinate  of  potassium  crystallises  in  slender  needles  ;  the  ammnnium^alt  is  olv 
tained  by  evaporation  in  spherical  masses.  The  bariu)n-salt,  C^H'*Ba''0",  is  obtained 
by  adding  a  boiling  alcoholic  solution  of  chrysinic  acid  to  an  excess  of  baryta-water ; 
and  is  deposited  on  cooling  as  a  yellow  powder.  (J.  Piccard,  J.  pr.  Chem.  xciii.  869; 
Bull.  Soc.  Chim.  1865,  ii.  U4.) 

VOFPT.  The  black  poppy  (Papaver  somfii/eriim,  var.  nigrum),  which  has  red 
flowers  and  black  8<^edH,  is  cultivated  cbiefiy  for  the  fat  oil  yieldetl  bv  its  seeds ;  the 
white  poppy  (P.  somnifmim,  var.  album,  sometimes  r^^arded  as  a  distinct  species  and 
called  P.  officinaie\  having  white  fiowers  and  seeds,  fur  the  production  of  opimn. 

The  seeds  of  tlie  wliite  poppy  [Pavut  blanc,  var.  a  yevx  ouvtrU)  have  been  found  by 
Sacc  (Ann.  Ch.  Phys.  [3]  xxvii.  473)  to  contain  (exclusive  of  303  per  cent,  hygro- 
scopic moisttire)  451  per  cent  expressed  oil,  9*5  fat  oil  extracted  by  ether,  together 
with  colouring  and  odoriferous  matters,  3*5  volatile  substance,  23'3  pectous  sub^aiices, 
12*6  protein -compounds,  and  5*9  woody  fibre. 

The  elementary  compoHition  of  the  seed,  oil-cake,  and  oil,  ot  the  white  poppy  filtered 
without  accc«8  of  air,  were  found  to  be  as  follows : 


0)l*cakft  after 

Seed. 

OILcake. 

exhaustion  with 

OIL 

Carbon         .... 

ether. 

62-23 

47-74 

42-27 

76-63 

Hydrogen     .... 

9*20 

676 

6-04 

U-63 

I^itrogen       .... 

3-69 

6-97 

764 

Oxygen  and  loss  . 

17-97 

28-94 

SO-86 

11-74 

700 

1059 

13*20 

The  ash  of  the  seed  contained  0-82  K«0,  4-47  Na«0,  2808  Ca'0, 4'3S  Mg"0, 1-99  SO*. 
4-84  SiO»,  17-66  CO*.  37-81  P»0*. 

Wildenstein  (J.  pr.  Chem.  liv.  200)  has  examined  the  ash  of  the  need  and  herb 
(t.  €.  stalks,  leaves,  and  cleansed  roots)  of  the  black  poppy,  grown  on  the  weathered 
TaunuH  sUte  near  Wiesbaden.  The  dried  seed  yielded  6*12,  the  dried  hsrb  7*86  per 
cent  ash,  containing— 
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K«0.        C«0.     MgO.     Mn30».    805.        ScOa.       pJO\   F»'PO«.  KCl.    NaCI. 
Brad       9  10     36-36     9  49     trace     192       3-24     30-98     0  81     7  15     1 94  -     99  99 
Herb    36-37     30'24     6*47     trace     609     11-40       1'28     4*14     2'dO     2-61  =  10000 
The  air-dritnl  seeds  tivateO  vitli  nitric  Hcid  and  chltfrmte  of  potassium  gmre  0-0829,  and 
the  ai^ried  herb,  00594  per  cent,  »nlphiir. 

VOWT-OZZh  Muile  tTitiliettf,  HuiU  de  Pavot. — A  fat  drying  oil  obtained  hr 
expression  from  the  seeds  of  the  black  popOT  {Papaoer  aoinni/t  rum,  var.  nigmm).  It 
resembles  olive-otl  iu  aspet^t  and  odour,  find  isqnitf  free  f>um  the  n&rcolic  propertiea 
of  opiam.  Specific  gravity  ^  0*9249  at  —  Id'-'.  It  Bolirlififs  at  -  18°,  and  remainfl  solid 
for  a  long  time  after  the  temperature  has  risen  to  —2°.  It  dissolves  in  26  pts.  of  cold 
and  6  pts.  of  boiling  alcohol,  and  mixes  in  all  proportions  with  ether.  Contains, 
according  to  Lefort,  77*30  per  cent,  carbon,  11*31  liv^lrogen,  and  11*49  oxygen;  see 
also  Sacc's  analysis  of  the  oil  from  wlute  poppy  tteeds  (p.  688). 

Pbppj-oil  yields  substitution-products  with  chlorine  and  bromine.  The  cklorinattd 
oil  has  a  sotnewliat  deeper  yellow  colour  than  tlie  original  oil.  about  the  same  con- 
sistence as  castor  oil  and  a  specific  gravity  of  1*070  at  3°.  It  contains  from  20*3  to 
20'4  per  cent,  chlorine.  The  bnmtiuaUd  oil  contaiuing  36'6  tu  367  per  cent,  brominf, 
hat  a  slight  yellowish  ticge,  and  the  same  consifitcnce  as  the  preceding :  specific  grav  ity 
-  1-279  at  2°. 

Poppy-oil  is  used  as  an  artich*  uf  diet  in  the  south  of  Germany  and  the  north  uf 
France.  It  is  employed  in  p*untiug  to  mix  with  light  colours,  for  which  purpose  it  is 
first  bleached  by  exposure  to  the  sun  in  shallow  vessels  containing  rdlt  water.  (Etut 
further  details,  see  Gmtiin'a  Haudhook,  xri.  312.) 

rOPUXZXr,  C^H'^O*,  ori?<7iroyfofl/iWN,  C'»H"(C^H»0)0'.— This  substance,  dis- 
covred  in  18:U  by  Brnconnot  (Ann.  Ch.  Phys.  [2]  xlir.  296),  and  investigated 
chttrfiy  by  Piria  (Ann.  Cb.  Phys.  [3]  xxxir.  278  ;  xUv.  366). exists  in  the  bark,  Usvet 
ami  root  of  the  as[>en  {Poputu^  trcmula). 

Prrparatum. — 1 .  The  aqueous  decoction  of  the  bark  is  precipitated  with  basic  acetate 
of  lead  ;  the  filtnitc  is  freed  frum  U*aA  by  sulphuric  acid,  then  concentrated  and  boiled 
with  unimul  charcoal;  aud  tht>  i>alicin,  wliich  likt-wiae  exists  in  the  bark,  is  hft  to 
crystallisf  out.  The  mother-liquor  yields  with  carbonate  of  potassium,  a  white  precipi- 
tate of  popiiJin  which  must  be  reci7.«italli«ed  from  boibng  water  (Braconnot). 
Horbergcr  (BucUn.  Repert.  K.  204),  after  preoipitftting  with  basic  acetate  of  lead, 
removed  ihe  leml  by  raHsin;;  carbonic  acid  iiitu  the  liquid,  and  eTaporaied  the  filtrat« 
to  a  Jiyrup,  from  which  the  popnlin  crystalliHed.  l*'rom  the  decoction  of  the  ruot-bark. 
popuUii  crystalliwfs  ttft*>r  concentration  (even  without  prficipitalion  by  basic  acetate  of 
lead)  (Von  de  Cxht-jn), — 2.  The  leaxes  of  the  aspen  are  boilfd  with  water;  the  de- 
coction is  prrcipitatod  hot  with  basic  acetate  of  lead  ;  the  populin  carried  down  with 
the  preotpitnte  Is  dbtolred  out  by  boiling  water;  and  the  filtrate  is  evaporated  to  a 
ejTitp.  The  crj'staliine  mass  which  separates  is  prea6''d  botwc-on  linen,  heated  to 
Iwiling  witti  Go  pti*.  water  and  a  little  animal  charcoal,  and  filtered  at  the  boiling  heal; 
the  populin  crystallises  on  cooling.     (Braconnot. ) 

Proprrtifs. — Crystallised  populin,  C-*H^0*.2H'O,  forms  white,  silky,  very  light 
needles,  which  give  oflT  part  of  their  watt'p  belwfTn  35*^  and  40°,  and  the  rest  ^8*43 
per  cent,  in  all)  at  a  tempemture  short  of  100°.  Anhydrous  populin  raflti»  at  ISO-*  to 
a  coluiirlcsK  liquid  which  jtohdifies  to  a  vitreous  majw  on  oooUng.  Popult  j  has  a  sweet 
taste.  It  turns  tho  pkne  of  polarisation  to  the  left,  to  an  extent  proportional  to  the 
quantity  of  saJiL'in  proiluced  by  its  deconijH>*'itiDn  {in/ra).  (Biot  and  PasteuFi 
Compt.  rend,  xxiiv.  fi07.) 

Cr^-stallised  populin  dissolves  in  nlMijnt  2(>00  pta  of  cold  wat^^j*  (Braconnot^  in 
1896  pts.  at  a*'  {Piria)  and  iu  70  pt-"*.  l>oiling  whter  (Braconnot).  The  cold  solu- 
tion deposits  populin  on  being  sHturatt'd  with  common  salt;  the  solution  saturated  at 
the  boiling  heat  dejKiaits  it  on  cooling.  It  dieu*olv««  at  14*^ — 16°,  in  100  pts.  absolnte 
alcohol  (Biot  and  Pasteur);  in  boiling  alcohol  more  abundantly  than  in  boiling 
water,  scarcely  at  all  in  ftfur. 

Populin  dissolves  oabily  and  without  dccflmpa<^ition  in  cold  acids,  not  too  concentrated, 
and  is  procipitntod  partiully  by  watfir,  completely  by  ulkalia  (Braconnot,  Koninck), 
According  tu  Koninck,  it  dissolves  also  in  atjut^ous  alkalU,  and  is  precipitated  byactda. 

Aqueous  populiu  doe.s  not  precipitate  any  nvtallic  euH  (Braconnot).  It  ciystal- 
lises  unaltered  from  solution  in  aqueous  metjdlic  twits,  but  may  be  made  to  com- 
bine with  oxide  of  l<adj  forming  a  white  aobstance  nearly  insolable  io  wat^r 
(Koninck.) 

Populin  dissolves  easily  in  cold  concentrated  aettic  acid,  and  is  precipitated  there* 
from  partially  by  water,  completely  by  aikfilid.     (Braconnot.) 

Dtcom positions. — I.  Fused  populin  bciiled  to  ISO"  cives  oflT  pungent  vapours  which 
condentr.  in  needles;  at  2liO^  it  turns  bmwn,  but  is  oblainod  unaltered  after  solution  id 
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aqueoiu  alcohol  (Piria).  Wbeo  subjected  to  dry  distilUtiun,  it  BweUi  up  sod  yielda 
empTTeainatie  oil,  from  whieh  beuEoic  add  erystalliaai  on  cooling  (Braeonnot). — 

2.  It  burru  with    flame  and  an  emmrreamatic   reaoous   odour  (Braeonnot).-* 

3.  Hcftted  with  iiulpburic  acid  and  adaehrowuUe  ofpotatnum,  itgirea  off  huge  ^oaa- 
titiea  of  salicyloua  acid  (Piria).— 4.  By  solution  in  nitric  acid  of  apedfic  gravity  130 
tt  is  conTeited  iubo  benzo-helictn,  whieh  dystaUisea  after  stanoiiig  for  some  time. 
The  solution  at  the  same  time  is  coloured  yellow  by  nitric  peroxide  (Piria) : 

C»ff»0*  -*-  0  -  CH-O*  +  H«0. 
Wc«k  nitrie  acid  acta  upon  popuUn  only  at  the  boiling  h^at,  salicylous  acid  haam 
given  off  from  the  acid  solution ;  ordinaiy  nitric  acid  acts  TioWtly,  prodoeiDg  yellowisa 
crystals,  probably  consiRting  of  picric,  nitrobeazoic  nnd  oxalic  acids  (Piria). — 5.  With 
siTong  9ulpkuric  acid  popnbn  forms  a  deep  red  solution  whence  water  throws  down  a 
red  powder  (Braponnofs  ntilin),  which,  after  the  sulphuric  add  has  been  removed, 
disBokes  in  water  with  red  colour,  and  is  repredpitated  by  adds  (Braeoo  not).  Hot 
oil  of  Tttriol  carbonis(>8  populin.     (Eouinck.) 

By  boiling  with  dilute  aeida,  populin  is  resolved  into  saligenin,  benioie  add  and 
glueose: 

C»H«K)»   +   2HH)     -     CHW  ^-  CH-0»  +  C«H*H)*; 
Populla.  Sallgaoln.         B«f»otc  GIucom. 

acid. 

and  the  saligenin  is  converted  by  the  farther  action  of  the  add  into  saliretin.  0*WH}^ 
—  2C'U'0'  —  2HH).  C(mcentrated  phospMoric  acid  forms  saliretin  even  in  the  cold. 
(Braeonnot-) 

6.  Populin  heated  to  100°  in  a  sealed  tube  with  alcoholic  ammonia^  yields  salidn, 
bensamide  and  benxoic  ether.  Qaseous  ammonia  does  not  act  on  populin  at  160^ 
(Piria). — 7.  Heated  with  potasHum-hydratf,\t  y\eldx  oxalateof  potassium  (Braeon- 
not).—8.  Populin  boiled  with  hydrate  of  caleium  or  barium  yields  a  bc^soat*  and 
salidn : 

C»H«0«  +   H«0     -     CH«0«  +  C'»H»H)'. 
PopaUn.  Benfote  Salidn. 

acM. 

100  pts.  crystallised  popidin  yield  28-9  pts.  bensoic  add,  the  calculated  quantity  being 
28'64  pts.  (Piria). — 9.  By  prolonged  boiling  with  water,  putrid  oasfin,  and  carbonat* 
of  calcium,  it  is  decomposed  with  formation  ox  saligenin,  lactate  of  calcium  and  benxoata 
of  calcium.     (Piria.) 

Populin  is  not  altered  bv  chlorine  or  iodine^  or  by  boiling  with  phoaphorut  and  watar 
(Braeonnot),  or  by  emuMtn  (Piria). 

90MCWSLMSM,  The  finest  kind  of  eaithenwarf*,  made  of  the  purest  and  whiteii 
clay  or  kaolin  (see  Clat,  i.  1024),  and  agglutinated  by  the  addition  of  some  oompoond 
such  as  powdered  felspar,  which  softens  and  fusm  at  the  tempersture  at  which  the  ware 
is  fired,  whereby  the  mass  is  rendered  semi-transparent^  in  the  same  manner  as  paper 
that  has  imbilied  melted  wax  remains  translucent  after  the  latter  has  become  fixed. 
The  fracture  of  porcelain  is  vitreous  and  not  earthy,  and  the  broken  sufses  doss  not 
adhere  to  the  tongue  like  that  of  common  earthenware ;  it  also  poaseasea  mndk  greatsr 
solidi^  and  strength,  and  power  of  resisting  sudden  changes  of  temperatnce, 

VOBCa&AZV-OXJlT.     See  Clat  (I  1024). 

VOmoSUUV*  BMAUacim*S.     See  QuM  (ii  844). 
WAX*    Syn.  with  Soapolitb. 
The  natiTo  alloy  of  gold  and  palladium  (p.  826.) 

VOanTBSO  AOIS.  C»H*N*0'  »  C'«H\NO^*0*r  (Brdmana,  J.  yt, 
Cham,  xxxvii.  403. — Om.  zvii.  183.) — An  acid  produced  by  the  acti<m  of  nitxie  aeid 
on  euxanthone  (ii  610) ;  so  called  from  its  property  of  produdng  a  blood-red  eoloar 
with  carbonate  of  ammonium.  A  solution  of  euxanthone  in  cold  nitric  add  of  spfdfle 
gnyiVf  1'31,  beoomes  warm  on  standing,  evolves  red  vapours,  and  on  coding  d^osits 
porph^rric  add,  which  mav  be  purified  by  solution  in  carbonate  of  ammooiuB  aad 
precipitation  with  hydrochloric  add.  It  is  then  obtained  as  a  ysUov,  evyrtalUas 
powdsr,  or  in  verr  small  reddish-yellow  crystals  becoming  electrie  wbaa  labbad. 

AooOTding  to  the  mean  of  Erdmann's  analyses,  it  contains  4S*63  per  oeat  eutea, 
1  '45  hydrogen,  1 1  82  nitrogen.  The  above  formula,  proposed  by  Qerfaarat,  whieh  fspra- 
•enta  it  as  dinitro-euxanthone,  requires  46*46  C,  1*61  H,  10*62  N,  aad  48'42  O. 

Pori^yric  add  is  slightly  soluble^  with  red  ooloor,  in  pure  watar,  inaolnbW  ia  acsda- 
lated  water,  very  slightly  soluble  in  cold,  more  soluble  in  boiling  aieohoL 

When  boiled  with  nitric  acid  it  yields  oxypierie  and  ozalio  amda 

The  porphyrates  explode  when  heated.  The  add  dissolves  in  carbonat*  of  aa* 
moninm  forming  a  blond-red  neutral  ajnrnanium-sait,  C*'W{VH*)CSO'y(y,  spaiMy^f 
soluble  with  yellowish  colour  in  water.   At  1 30^  it  gives  off  watar  uu  aiaawBi^  ksvng 
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•  rr<3  fi-alhcryrrjstiUif.    The  xolntir 


■  Ims  solublo  acid  salt,  which  cryst&llUefl  ii 

Uiis  salt  forms  with  chloride  of  barium,  chlonJe  of  culdam,  nrutral  acetate  or  lead,  and 
nitretfl  of  silver,  tp<\,  and  for  fhe  most  part  crystalline  pn^npiTates  which  diuolvn  in  a 
large  qnantit^r  of  water.  The  add  ummonium-solt  throws  down  frorn  nitrate  of  nlver 
pale  orange-coloured  ciyittiilUne  acale«.  From  cupric  sulphate  the  iMUtral  ammoniam- 
aalt  precipitatM  black-red  flocks  which  become  granular  on  rtandiag  or  more  quickly 
when  hettteid. 

Oz3rporptiTiio  aold.  Thia  name  is  giTcn  by  Erdmiinn  to  an  acid  obtained, 
together  with  oi>-pirrio  acid,  by  the  action  of  hoiling  nitric  acid  on  euxantbone.  It 
forma  Teltow  microbcopic  crystals,  and  differs  from  porphyric  acid  in  forming  with 
ammonia  a  aait  which  is  more  soluble  in  carbonate  of  ninraonium  than  the  porphyrale, 
and  does  not  change  coloor  from  dark  red  to  pale  red  when  heated.  The  acid  gires  by 
aoalyais  (meAii)  12*76  per  cent,  carbon,  I'SS  hydrogen,  11*05  nitrogfio  and  4$-9\ 
oxygen,  acompaaition  differing  bui  little  from  that  of  porphyric  acid  :  hence  Laurent 
(Compt.  chim.  1849,  p.  3S4)  regarded  the  two  as  probably  identical 

POKFVTSXTB-  The  name  giren  by  Screng  to  the  melaphyr-porphyry  (iii.  W7) 
of  the  southern  range  of  the  Uarts.  (For  anaiysoa  mo  Jahrcsbehcht,  1858,  p.  76B ; 
1861,  p.  1067). 

FORVSTVOXXV.  A  neutral  substance  said  by  Merck  to  exist  in  some  kinds 
of  opium  (p.  208).  The  same  body  is  said  by  G.  G  ibb  (Pharm.  J.  Trans.  [2]  i.  454) 
to  exist  in  Siinpuinaria  Oinadcnais  (aee  8A.Nai'iNARiA). 

VORPB7ST.  A  rock  couaiating  of  a  more  or  Usa  compact  febpathic  base  with 
crystals  of  felspar  (oftiti  ortboolusc  or  uligoclise)  and  other  niinemla  imbedded  in  it. 
It  may  be  green  with  blotches  of  pale  j^n-en  or  while,  or  red  with  while  blotcht-a 
or  specks,  besides  othi^r  sUtidcs  of  colour;  the  blutchcs  of  «  polished  eurface  arc  the 
felspar  cr^':}ULlft.  The  nume  )»  derived  from  irop^vpo,  purple,  un  account  uf  the  bruwui^h 
or  bluibb-red  colour  of  certain  varieUes  ut>ed  by  theuncieuts  for  statuary.  The  sevenil 
varietiea  of  porphjiy  are  muned  according  to  the  nature  of  the  crystala  which  occur 
most  abuudiiutty  in  them  e.g.  felspar -porphyry,  quarts -porphyry  &c. 
Eurite-porphyry  has  a  base  composed  of  feUpar  or  a  fine-grained  mixture  of 
felspar  and  quartz,  enclosing  crystals  of  various  minerala.  Angitic  porphyry  has 
a  basaltic  baso  enclosing  crystala  of  augito.  Granitic,  ayenitic,  greenstone, 
trachyte  porphyry,  &c..  consist  of  a  granulo-crybtalline  base,  intermixed  with  the 
constituents  of  gnmite,  syenite,  &c.,  and  larger  crystals  of  felspar. 

POSPOI8B-OI&.  Mitrachwcinthran.—OhiKMif^  by  heating  the  belly-hlubber 
of  the  porpoise  {Dtiphinus  Plutrama)  with  water.  It  has  a  density  of  0*937  at  16°,  and 
in  the  fresh  state,  a  pale  yellow  colour,  an  oduor  uf  suxdines,  aud  dues  nut  r«dden 
litmus;  but  ou  exposure  to  air  and  light,  itlosea  its  odour,  becomes  first  darker,  thru 
nearly  colourles-,  and  sequin's  an  acid  reaction,  from  libemtion  of  valerianic  aoid.  It 
eonaistsof  olelu,  mai^rin  [palmitin],  and  vnlprin.  With  3  pts.  of  boiling  Hloohol  of 
specific  gravity  0'821,  it  forma  a  eolntion  which  becomes  turbid  as  soon  as  it  is  remoT<^ 
from  the  fire:  with  1  pt,  of  ali»ohol  a  more  stable  solution  is  formed,  capable  of  taking 
up  any  further  qunntity  of  the  oil.  (Chevreul.  Reekerekrg^  p.  287 ;  fisrthelot,  Ann. 
Ch.  Phys.  [3]  ilL  253.) 

VO&POKIKO.  .An  Italian  glass  resembling  hiemstinoii^  (iii.  3)  in  appaaranee, 
but,  according  to  Pcttcnkofcr,  different  from  it  in  compositioa. 

90&TBK.     See  Bsaa  (L  529,  533). 

ro&Tm.  White  radiate  msssrs  from  the  gabbro  of  Tuscany,  clearing  parallel 
to  the  sides  of  a  priam  of  120°.  Specific  grvrity  =  21.  Swells  up  before  the  blow* 
pipe,  Hnd  fuses  to  a  white  enamel.  Gnlutinis^s  with  acids  in  the  cold.  Contains, 
according  to  Bechi  (8ill.  Am.  J.  [2]  xiv.  63),  6812  per  cent,  ftilica,  27'5  alnmins, 
4*87  magnesia,  1*76  lime.  0*16  ^oda,  irlo  potash,  7'92  water,  and  appears  to  have  been 
formed  by  the  drrompoBitinn  pf  n  zeolite*. 

PO!RT]ULXTk  CB3IKSVT.  A  cement  so  called  because  it  faaa  the  colour  of  Portland 
stone.  It  {^  mode  Ky  mixing  Ih^  argillaceous  sand  of  the  Thames  with  chalk.  (Seo 
Urt*s  Dictionary  of  ArU,  fc.  iii.  471.) 

yox.X&AV2>  STOWMm  An  oolitic  limestone  immediataljfkttnderlyiDg  the  Purbeck 
strata  ;  so  called  from  its  ilevelopemeot  in  the  island  of  Portland. 

TOMtruaJkltlaO-OJ:^    Essential  oil  of  orange-peel.     (See  Cttbus,  i.  1002.) 

VOTAMOOETOW.  The  composition  of  the  fcnneMeared  pood-weed  {I*r>iomoQeton 
pfetina/us)  hntt  been  determined  by  HerrA  Margon  (Jahresb.  1S61,  p.  735),  withtha 
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Combiutibl*  mitter 

Phosphoric 

Other  tnlneral 

without  NUrogrn. 

NttrofMi. 

Silka. 

Lime. 

aiihyuriile. 

contUiueuis. 

a.          618 

2-6 

60 

121 

10 

16-6 

b.          69-5 

1-9 

141 

0-8 

>    . 

137 

Cloez  (Compt  rend.  Irii.  354 ;  Jahxeab.  1863,  p.  599)  finds  that-  the  gas  erolved  from 
Potamoaeton  verfoUatum  under  the  influence  of  sunshine  and  in  water  cootinuaUy 
renewed,  consista  wholly  of  oxygen  and  nitrc^n  without  any  trace  of  combustible  gas* 
the  composition  varying  from  46-08  per  cent,  oxygen  in  the  first  to  385  per  cent,  on 
the  twentieth  da^.  The  same  plant  growing  in  ordinary  aerated  water  slightly  charged 
with  carbonic  acid,  but  not  renewed,  gave  out  gas  also  consisting  wholly  of  oxTgen  and 
nitrogen,  and  containing  70*10  per  cent,  oxygen  on  the  first,  87*52  on  the  thud  and 
90*87  per  cent,  on  the  fifth  day. 

VOTABH.  This  term  is  applied  sometimes  to  the  hydrate,  sometimes  to  the 
anhydrous  oxide  of  potassium,  occasionally  also  to  the  crude  carbonate ;  it  is  best  how- 
erer  to  restrict  It  to  the  hydrate,  either  in  the  solid  state  or  in  aqueous  solution. 

VOTA8KBB.  Crude  carbonate  of  potassium,  obtained  by  lixiriating  the  ashes  of 
land-plants  and  boiling  down  the  solution  in  iron  pota. 

VOTABX-ZiXBCB.  A  mixture  of  hydrate  of  potassium  and  quicklime,  prepared  by 
evaporating  a  mixture  of  caustic  potash-ley  and  lime  in  an  iron  pot,  calcining  the 
residue  in  a  crucible,  and  rubbing  it  to  fine  powder  in  a  warm  mortar.  It  acts  on 
organic  bodies  at  high  temperatures  in  the  same  manner  as  pure  hydrate  of  potassium, 
but  is  more  oonveuient,  because  it  is  less  fusible  and  does  cot  act  so  strongly  on  glass 
vessels.    It  is  however  not  so  much  used  as  the  analogous  mixture  of  lime  and  soda. 

VOTABS  or  VOTASSA.     Hydrate  of  potassium  (p.  700). 

FOTABSXtniK.  Sjftnbol  K.  Atomic  Weight  39*1.— This  element  is  very  widely  dif- 
fused in  nature.  In  the  minenil  kingdom  it  occurs  as  silicate,  together  with  earthy 
nilic-ates,  in  felspar,  mica,  &c.;  as  stdphate,  combined  with  sulphate  of  aluminium,  in 
at nm  stone;  as  chloride,  bromide  and  iodide  in  sea-water  and  salt-deposits;  and  as 
nitrate  in  various  soils  in  tropical  countries.  Potassium-salts  enter  also  into  the  bodies 
uf  plants  and  animids,  being  taken  up  by  pluits  from  the  soil,  entering  into  almost 
every  part  of  the  vq^eiable  structure,  and  being  thence  transferred  to  the  animal  body, 
where  they  are  found  as  essential  constituenta  of  many  organs  and  fluids,  flesh  and 
milk  for  example. 

The  vegetable  kingdom  is  the  chief  source  from  which  potassium-compounds  are 
prepared.  The  potassium  in  plants  exists  in  combination,  paxtly  with  inorganic;  partly 
with  organic  acids,  tartaric,  oxalic,  citric,  malic,  &c. ;  and  when  a  plant  is  burnt, 
the  inoiganic  potassium-salts  contained  in  it,  the  sulphate,  chloride,  &c.,  remain  in  the 
HMh  as  such,  whilst  the  organic  salts  are  converted  into  carbonate,  and  from  this  the 
other  salts  of  potassium,  as  well  as  the  hydrate,  or  caustic  potash,  may  be  prepared. 
Potassium -salts  are  likewise  obtained  from  the  ashes  of  marine  plants,  from  sevwater 
and  brine-springs,  from  felspar  and  other  potassic  minerals,  and  from  the  waahingi 
of  sheep's  wool.     (See  Potussium- salts,  MAiniPXCTUBB  of. 

Preparation  of  the  Metai. — Potassium  was  first  isolated  by  Davy  (in  1807),  who 
obtained  it  by  the  electrolysis  of  the  hydrate.  When  a  piece  of  this  substance,  slightly 
moistened  by  exposure  to  the  air,  to  give  it  sufficient  conducting  power,  is  placed  on  a 
platinum-capsule  connoctod  with  the  ne^tive  pole  of  a  powerful  voltaic  battery  (Davy 
used  irom  100  to  200  pairs  of  Wollaston's  construction,  six  inchee  square^  and  touched 
br  a  platinum  wire  proceeding  itom  the  positive  pole,  tt  liquefies  and  is  decompoaed, 
globiues  of  potassium  appearing  on  the  capsule  and  taking  fire,  unless  theyaieqaiddy 
removed  and  immersed  m  rock-oil. 

An  «Lsier  method  of  obtaining  potassium  by  electrolysis  is  that  given  by  Matt h  les- 
sen (Chem.  Soc.  Qu.  J.  viiL  30).  A  mixture  of  1  at  chloride  of  potaasiom  and  1  at, 
chloride  of  calcium  (which  mixture  is  used  because  it  melts  at  a  much  lower  tempera- 
ture than  chloride  of  potassium  alone)  is  melted  in  a  small  porcelain  crucible  ow  a 
lamp,  and  subjected  to  the  action  of  a  Bunsen's  battery  of  six  elements  with  carbon 
poles,  the  heat  being  so  regulaterl  that  a  solid  crust  forms  round  the  negative  carbon 
pole,  while  the  mixture  remains  fused  and  allows  the  free  evolution  of  chlorine  at  the 
positive  pole.  "When  the  decomposition  has  been  continued  in  this  manner  Ifar  about 
twenty  minutes,  and  the  cooled  crucible  is  opened  under  rock-oil,  a  large  quantity  of 
potassium,  almost  chemically  pure,  is  generally  obtained.  If  the  same  ezperifflent  be 
repeated  at  a  white  heat  over  a  charcoal  fire  with  an  iron  wire  as  negative  pole,  small 
globules  of  potassium  arc  seen  burning  on  t^e  surface;  and  these  are  found  to  be 
almost  pure.    (Matthi  essen.) 

For  preparing  potas^t^min  large  quantities  however,  itisneoessarytonsorttoodur 
metbo4U.  Qay-Lusbac  and  Th^nud,  soon  after  Davy's  discovery  of  tbs  nuibi^  showed 
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thftt  H  might  be  obtainrd  in  greater  ahundunce  by  deoompofling  hydnttp  of  potuAtum 
with  metallic  iron  at  a  white  heat.  Iron  tomingfl  were  heated  to  wfait«nf^«s  in  a 
cnrTe>d  guD-harrpl  covered  wtlb  a  clav  lnt«,  and  melted  hTdrate  of  potaaaiiiai  wa» 
allowed  to  para  slowly  orer  the  ignited  irun.  Decomposition  then  eoaned,  the  iion 
taling  up  the  oxygen  of  the  hydrate,  while  the  potaimiain  and  h>*drogen  were  ad  free, 
th''  potaff^ium  paaaicg  over  in  the  state  of  vapour  and  bting  condensed  in  »  cooled 
copper  receiver. 

A  still  more  productive  method  runsiM«in  derompwing  carbonate  of  potaaaiam  with 
charcoal  at  a  high  temperature.  This  method,  first  sugge>t(:d  by  Cnrandau  (Ann. 
Cliim.  Ixvi.  97),  wab  hruught  into  un  arailahlo  form  by  Branner  (BibL  Univ.  xzii. 
36),  and  has  been  Htill  further  improved  by  Maresca  and  Donn£  (Ann.  Cb.  Pbys. 
[3]  xzxv.  W7).  An  inlimnte  mixture  of  charv.>oaI  and  carlwnate  of  potuMMtam  i«  pr^ 
pared  by  igniting  about  6  Jbe.  uf  crudr  tartar  (acid  tartrate  of  potaasiani)  in  a  rorcred 
iron  cruf^ibb  till  it  ceases  to  emit  vapours.  Tbf*  porooa  mixture  tliii.^  obtained  is 
rapidly  cooled  by  the  application  of  cold  water  to  llifi  uut«>idft  of  tlie  crueiblr-,  and  the 
churivd  lUHBF,  broken  into  ]ani[)«  nlmut  the  size  of  a  hriKel-nnt,  is  quickly  introduc«^ 
inro  n  w-ruughl-iron  bottle  (gTiiemJly  one  of  the  bottlejt  in  which  merrury  is  oraporated). 
The  bottle  ia  then  introduced  into  a  furnace  a  {Jia.  739),  and  placed  horizontally  on 
supports  of  fire-brick,  /,  /.     A  wrougbt-iron  tube  a,  fuor  inches  long,  serves  to  coBTsy 
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the  vapours  of  potaaaiuni  into  ft  receiver  f,  formed  of  two  pieces  of  wmught  iron,  n,  6 
(Jiff.  7I0)„  whicn  are  fitted  closely  to  each  other  so  as  to  form  a  Bhallow  box  ouly  A 
quarter  of  an  inch  deep,  and  are  kept  together  by  el  a  rap-sere  wt».  The  iron  piste  should 
be  Ith  of  an  inch  thick.  12  incUea  I0114;,  and  3  iiii'h>-8  wide.  The  nvciver  is  open  aX 
botli  enda,  the  socket  fitting  upon  tlie  nock  of  the  iron  bollle.  The  objecT  of  giving  the 
ret'eiver  this  fliitl**ned  form  is  to  nnMipe  the  rapid  ctHdiiif;  of  the  pot&>>i«inm.  and  thus 
to  withdraw  it  from  the  action  of  the  carlwnic  oxide,  which  i'l  disongngrd  dTirinp  thr* 
entire  proeeai,  and  has  a  strong  tendpiicy  tn  unite  with  the  [iota.vsiuDi,  furraing  a 
danperouMy  exploaivecompound,*  Befon'  connecting  the nc^iver with  thetnbe  d.  th* 
fire  is  tlowly  raised  till  the  iron  bottle  attains  a  dull  n-'l  heat.  Powdered  Ti*refi*H] 
1>orHz  is  then  sprinkled  upon  it,  which  melts  and  formNa  noting,  serving  to  protect  thu 
inm  from  oxidation.  The  heat  is  then  to  be  tirged  until  it  is  very  intense,  care  being 
taken  to  ruise  it  H»t  equally  us  pcwniMe  thronghout  ev^ry  part  of  the  furnuce.  When  a 
full  rcddinh-white  heat  is  attained,  vaj^curi  of  potae^eiuni  begin  to  appear iind  bum  with 
a  bripht  flame.  The  rweiver  is  then  adjusted  to  the  end  of  the  tube,  which  must  not 
project  mure  than  a  qmart-er  of  on  inch  through  the  iron  plate  forminp  the  front  wall  of 
the  furnace;  otherwise  the  tube  i^  liable  to  be  obslructiMl  by  the  uccumaUtion  of  solid 
potastHum,  or  uf  the  eiplusivo  ci^mpound  above  mrniionea.  Should  any  obstruction 
occur,  it  mu"!  be  removed  by  thrusting  in  aji  iron  bar.  and  if  Ibis  fail,  the  flremnst  be 
immedifttely  withdrawn  by  removing  the  bars  from  the  ftimace.  with  the  exception  of 
two  which  support  th**  iron  bottle.  The  rf^eiver  is  k»-pt  oool  by  the  apjOication  of  a 
▼et  cloth  to  il**  outside.  When  the  operation  is  romi'Iete,  the  receiver  with  the  potaa- 
siiini  is  reTnov*-d  and  immediMlely  plungtvl  into  n  ve».-el  of  rectifit»d  Per*.i;iii  naphtha 
provided  with  a  cover,  and  kept  cool  by  immersion  in  water.  When  the  ap(<aratua  is 
sufficiently  cooled,  the  putassiiira  is  detached  and  presrpved  under  naphtha. 

*  In  Bruuner'a  OTiRfnal  |>rorr>a,  cnpiirr  i«mir-ti  wrrr  um^  of  rr1ln<1ri«-4l  rnnn  mmI  niurli  l«rif>r 
4nncn«M<ift  than  lliocc  nbove  drwrib^nl  Ur*  (iriihdn**  KinfU"^*  rif  Ckrmttti^.  7nA  rtt.  I.  ^%l  ).  out 
with  thvftr  recftirr*  ihr  cnrMrnxitlon  of  ihr  |HU«*fliii>H  t»  (•niiMl  tc»Kr  trrj  omvrtKtil  ;  •ml  wh^ii  the  iron 
coiinrttins  tube  t»k«|>t  rrd-hot  ihroufthoul  U«  wTioW  lr*igih.  u  il  •>)<-«tl)  br1>>  |*t«Tnt|  '4i»ttuv1HHi,  ih* 
wtvole  otthr  metnl  iiTiirtinie«  eKspet  la  tlir  foiM  ctrmpmn.  a<A  a  partldt  waidMmag  latlM  •ecalnr. 
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To  obtain  the  nuuumuro  produce  of  potaisturo,  it  is  tieemary  that  the  miztoft  «( 
potAflfiie  cifcrbonate  and  charcoal  ahonld  contain  I  aL  of  tbe  carbonate  to  S  tt.  cai^Roi, 
Buch  a  mixtare  wbaxi  heat«d  Iving  whoUj  converted  into  potasnam  aad  caAoaie 
oxide : 

KK;0"   +   C     «     K'  +   SCO. 

To  ucertain  whether  this  ia  the  case,  ihr  burnt  tartar  mtut  be  naalyKd,  and  an;  d»* 
rintion  frjoi  the  required  proportions  muat  be  rectified  b;  mixing  tamplea  of  tartar  of 
different  qualitim.  But  even  when  the  right  proportions  are  attained,  the  qnastttty 
of  crude  potaniiun  obtAlued  doen  nut  exceed  ooe*foarth  cf  the  weight  of  the  churgn, 
whereas  if  the  process  could  Iw  nirrixd  on  without  loss,  the  yield  should  be  about  one- 
h&lC  UA  162  pts.  of  the  mixture  of  carbonate  and  charcoal  contain  78  pt».  of  potaninm. 
KuhnemRnn  (Jahresb.  1864,  p.  18(1)  recommends  the  addition  of  chiiUc  to  tbeburot 
tartar,  in  such  proportion  that  the  laixtnre  may  contain  100  pts.  potaasic  carbouate  to 
20  ptH.  carbon  and  13'6  to  14  ptn.  culc'ic  carbonate. 

The  potassium  obtained  by  thin  proi'^as  is  not  pure,  but  always  oontaminatvd  with 
cooipuuuila  ouutaiiuin^  curlHiii  and  uiygeo.  To  rrmove  these,  it  muat  be  distilled  ■ 
second  time  in  an  iron  retort,  und  thin  precaution  is  essential,  ss  if  the  crude  potaasiuni 
II  exposed  tu  tbe  air.  and  eren  if  it  is  presaxred  under  naphtha,  a  black  detonating 
compound  i»  quickly  formed,  which  explodes  rioleotly  on  the  slightest  frictioD.  The 
purified  metal  anoonts  to  about  two-thirds  of  the  quantity  operated  on.  A  third  di»- 
tilliitiou  may  be  necessary  if  the  poiitsHium  is  required  to  be  perfectly  pure.  A  little 
imparo  potassium  alwu^'S  remains  in  tho  tub«  attached  to  the  retort :  and  to  prercnt 
the  p<ieNil)ility  of  its  forming  the  detonating  compound  abovu  mentioned,  the  tub# 
faouid  be  detached  as  souu  as  it  ia  cold  and  immersed  in  water. 

Properties. — Putaasium  is  a  bluish-white  mt'tal  of  specific  gravity  0'S65,  being  the 
lightentof  all  the  metals  except  lithium,  and  ciipable  of  floating  easily  on  wat«r.  Al 
U  it  is  brittle  and  haa  a  crystalline  fracture ;  it  beoomea  malleable  at  a  sli4;btly  higher 
temperuture.  soft  at  15°  pasty  at  a  few  degrees  higher,  and  complet4>ly  Hnid  at  S'lSK 
In  the  iK>ft  state  it  may  be  cut  with  a  knife,  and  twodeon  enifacee  of  the  metid  may 
be  welded  together  like  white-hot  iron.  Ar  a  red  beat  it  may  be  difttiUed,  yielding  « 
beautiful  green  vapour.  When  freshly  rut  it  posBMsce  conniderable  IttfLre,  but  luittanlly 
tanu'ahes  from  oxidation  when  exposfd  to  the  air;  indeed  it  isuo  grsedy  of  oxy>>en  tluit 
it  can  only  be  presfTved  in  the  metallic  ittate  by  immen^ing  it  in  mineml  naphtha  or 
encloeiiig  it  in  a  sealed  tulw.  When  a  fewgnimoipnofUie  metal  are  inelttHl  in  a  sealed 
tube  filled  with  coal-gua.  then  lef^  ta  roni  till  a  few  m>tid  points  apptuir  uu  the  ■arfaea, 
the  remaining  liquid  portion  poun-d  off  by  ttuddeuly  inclining  thi^  tube:,  the  aolidified 
portion  remains  in  shining  ortahedral  rrystal.i  beloriginz  to  the  dimetric  system,  and 
nsvin^  the  anple  F  :  P  «  62'^  in  Ute  terminal,  und  about  76^  in  tho  banl  edg«s. 
(C.  K.  Long.  Chem.  Soc.  Qn.  J.  xiii.  122.) 

Potal4^•ium  when  heated  in  the  mr  to  its  point  of  rolatilisation,  burats  into  flams 
and  bumh  rapidly  wttJi  a  violet  light.  When  thrown  upon  VHXtrr,  it  decomposes  th« 
water  with  great  violence,  di(»pla4.<ing  half  the  hydrogen  and  forming  hydrate  ti. 
potassium: 

2HK)    +    K»     =     2KH0    +    H*. 

The  escnping  hvdrogen  carriee  with  it  a  small  portion  of  the  volatilised  metal,  i 
takes  fire  from  tbe  heat  evolved,  burning  with  a  benutifid  rose-red  flame,  while  the 
melted  metal  floats  about  on  the  water,  and  finally  diftitppeara  with  an  explomTe  biir«t 
of  steam  as  the  plubule  of  melted  potash  btw>me8  CinA  enough  to  corae  into  eontsct 
with  the  water.  Potassium  likewise  docomposes  nearly  all  gases  containing  OBTwrn, 
whan  heated  in  contact  with  them;  and  at  high  temi>emturea  removes  oxyeen  noiB 
almost  all  bodies  eontiiining  that  element.  On  the  oilier  band  it  is  separated  from  its 
hydrated  oxide  when  very  strongly  heated  iu  contact  with  iron  or  charcoal,  t2ie  deoom- 
position  being  doubtless  [rreutl}-  facilitated  by  the  volittili^  of  the  potaseiom,  ^Ses 
Chxmic^l  Arnjcmr,  i.  859.) 

Potassium  absorbs  hydro^»yi  at  a  heat  short  of  redness,  and  is  converted  into  a 
greyish  hydride  (perhaps  liK*),  from  which  however  the  hydrogen  is  expelled  at  a 
stronger  beat. — Potassium  unites  directly  with  ciUorim^  hrominf,  iodine,  siupkur,4ti^ 
ntttm  and  tellurium,  burning  vividly  wben  heated  in  contact  with  them. — Italso  com- 
bines with  pho*phonts,  the  combiuation  being  attended  with  evolution  of  light  ami 
heat  when  the  two  bodies  are  he.it'Kl  together  in  nitrogen  gas;  under  mineral  naphtha 
it  takes  place  without  vidible  eonii'U^tion. — When  moderately  heated  in  earftc'titc  osids 
gtu,  or  when  ita  rapour  is  allowed  to  condense  slowly  in  an  atmoephere  of  th.tt  gas,  it 
absorle  the  carbonic  oxide,  forming  tho  black  mass  above  mentioned  (p.  693),  from 
which  the  metal  cannot  be  recovered. 

Potsffftom  is  a  tuoDatomvc  meva\,  VXaTxyivt^Xo  \^  ^w^  ^^^.b.  vocLudes  the  other 
alkali-metals,  csehium,  rabid'vvim^  Uviuxxm,  mvA  ws^um,  Vv3^>.\«x  Vv^  'iii-wa*   ^\^ 
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diloriii^  bromine,  iodioa  and  flnoriBe,  it  formi  th«  oomponodn  ECl,  KBr,  fti*. ;  wHli 
chlorine  also  a  snbchloride,  K'Gl ;  with  oxjgen  it  forms  a  protoxide,  KH),  the  oon«s- 
poadinff  hydrate,  KHO,  a  dioxide,  EH)*,  and  a  tetroxide,  KH>*;  with  anlpfaiir,  a 
protonui^d^.K'S,  a  mlpbydrate,  EHS,  and  HTeral  polysiilphidea. 

VOTASflZITM,  AIi&OTS  OV.  Potasnnm  forms  alloys  with  most  other  mstala, 
the  combination  bccmg  generallj  effected  by  inaing  the  two  metals  together.  Anti- 
monida,  arsenide  and  bismothide  of  potaseinm  are  produced  either  in  thia 
loanner  or  by  heatiiig  the  reepectiTe  metals  with  cream  of  tartar.  These  compounds, 
whsft  distilled  with  the  alcoholic  iodides,  yield  the  arsenide,  &e.,  of  the  correepmidin^ 
alcohol-radicles  (I  339,  397,  696).  The  arsenide  and  antimouide  decompose  water^ 
with  evolution  of  arseneltcd  and  antimonetted  hydrogen. 

An  aQoT  of  potassium  and  sodium  eontainin^  76'6  per  cent  of  the  former,  is  pro- 
duced b^  heating  hydrute  of  ^tassium  with  sodium  in  a  tube  oontainins  caoutchin  to 
the  boihnff  point  of  the  liquid.  It  is  fluid  at  ordinary  temperatures  ana  takes  fire  in 
contact  with  wat«r  (Or.  Williams,  lUp.  Ghim.  pure,  iii.  177>  Wanklyn  {loe,  eiiy 
obtained  an  alloy  of  these  metals,  also  liquid  at  ordinazy  temperatures,  by  heating- 
acetate  of  potassium  with  sodium. 

The  other  alloys  of  potassium,  some  of  which  are  described  under  the  respectiTe 
metals,  are  of  no  particular  importance.  Respecting  the  amalgam  of  potassium,  see 
Hbbcubt  (iiL  889). 

VOTAOflXinKp  ABKZnaS  or,  MonopoUssamide.  KH*N,  is  formed  when 
potassium  is  gently  heated  in  ammonia-gas.  It  is  an  oHre-green  substance,  exhibiting 
a  brown  colour  by  tmnsmitted  light  when  in  very  thin  scues;  is  a  non-conductor  ol 
electricity,  melts  at  a  little  above  100°,  and  when  heated  in  a  close  tmbcI,  is  r^solred, 
at  a  temperature  a  little  below  redness,  into  ammonia  and  tripotassamide :  SKH^  » 
21117  -4-  E*K.  At  a  dull  red  heat  the  ammonia  is  partly  resolved  into  hydrogen  and 
nitrogen.  When  heated  to  fusion  in  the  air  or  in  oxpgen  ffos^  it  bums  ntpidly  and  is 
conv«rtad  into  hydrate  of  potassium,  with  evt^ution  of  nitn^n.  With  water  it  forms 
aBBaoBia  and  hydrate  of  potassium : 

KH«N   +   HH)     -     H«N  +   HKO. 

Acids  and  alcohols  act  upon  it  inasimilarmsnner  (Osy-LuBBacandThAnard,  As- 
ekereketpkffticthckinu^uea.l  837;  H.  Davy,  Phil. Trans.  1809,  pp.  40 and 450).  With 
amkjfdtwtt  alcohol  it  yields  ammonia  and  ethylate  of  potassium : 

KH*N   +   C?H».H.O     -     H"N  +  C«H».K.O. 

Similarly  with  phenol.  When  warmed  with  an  ethereal  solution  of  aoeUc  anhydride,  it 
forms  acetamide  and  acetate  of  potasuum : 

Ijoctide  dissolved  in  ^her  acts  slowly  on  it,  ammonia  being  set  free  and  Incite  of 
potassiam  formed.  An  ethereal  solution  of  eucciiue  (mhj^nde  has  no  sction  upon  it-. 
With  compound  ethers  it  yields  ammonia  and  resinous  |»<oducts  ;  with  benaoaU  and 
aertaU  of  ethyl  it  yields  also  the  corresponding  potassium- ualts;  with  oxalate  of  ethyl 
it  forms  oxals^  and  oxamate  of  potassium.  Sulphate  <tf  ethyl  and  oxalate  vi  methyl 
do  not  act  upon  it.  With  chhride  of  beruoyl  dissolved  in  anhydroos  ether  it  forms 
bensamide  and  dibenzamide,  according  to  the  equation : 

8CrH*0a  +   8KH»N    -    ^h«^|n   +    ^^"^^{k   +   3KC1  +  H»N. 

When  the  amide  is  brought  into  direct  contact  with  chloride  of  bensoyl  without  the 
intervention  of  ether,  a  very  violent  action  takes  place,  sometimes  attended  with  inflam- 
mation, and  a  number  of  secondary  woducts  are  formed,  including  hydrochloric  add, 
benzoic  acid  and  benzoic  t^anide.  (Baumert  and  Landolt,  iuin.  Ch.  Fharm.  cxi. 
1 ;  Jahresb.  1869,  p.  125.) 

Tripotaaaamide  or  yitride  of  Potaeaium,  K*S,  obtained  by  heating  mono- 
potassamide  without  access  of  air,  is  a  greenisb*black  infusible  substance,  whiui,  when 
veiy  strongly  heated  without  access  of  air,  is  resolved  into  potassium  and  nitrogen.  On 
exposure  to  the  om-,  it  generally  takes  fire  spontaneously,  burning  with  a  daik-red 
flame.  With  water  it  effervesces  violently,  yielding  ammonia  and  hyorate  of  potassiun ; 
K"N  -f  3H*0  «  H"N  +  3KH0.  It  unites  with  sulphur  or  phoephorua  when 
heated,  forming  a  highly  inflammable  mixture,  which  in  contact  witn  water  gives  oil 
sulphvdric  add  or  phosphoretted  hydrogen  as  well  as  ammonia.  (Oay-Lussac 
%nd  Thinard,  Davy.) 

.  VOTASaiUM,  ARZXOVXna  or.     See  AMmoNT  (i.  817). 
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yOTASsnrni,  AJtsEam>B  or,  Seo  Fotasswu,  Arurn  or  (p.  6d6).  The 
compound  K'As  is  formed  br  heating  potaMiam  in  imenrtted  hydrogen.  It  it  a  chert* 
nut-brown  powder,  which  is  aecompo««d  by  wntrr.  ^ving  oiT  ursenettcd  hTdiogvn,  and 
formiog  hj-drat*'  of  poUuiutQ  ;  K*Ai  +  SIPO  »  H*Aa  -f-  3K1IO.  Aiioya  eoatftin- 
ing  larger  proportions  of  anwoic  likewise  yield  lolid  arsenide  of  hydrogen  (l  371). 

rOTASBIUMt  BOKZSB  OS*  t  FotaMium  and  boron  when  heated  togc4b«', 
nnite  without  inflAromation,  furraing  h  grey  metallic  maM,  which  conduct*  electricity; 
and  IB  docornposed  by  eontoct  with  water,  yielding  potash  and  hydride  of  boron  (Dary). 
According  to  Quy'Luasac  and  Th^oHrd,  the  product  obtained  as  abore  is  ooly  a 
mechani(^BJ  mixture  of  boron  and  p«tiu»ium. 

POTASSZintK,  BSOaiZSB  OF.  K6r. — Fotasaium  and  bromine  nnire  directly, 
with  Tiolont  inftammntion  and  dctonution.  The  bromide  is  also  formed  by  brating 
potassium  in  hydrobromic  acid  gas,  and  by  the  action  of  bromine  on  ftised  iodide  of 
potassium.  It  may  bo  prepared  :  1.  By  neutralising  hydrobromic  acid  with  potash. — 
2.  By  decomponing  bromide  of  iron  with  an  equiralenf  quAniity  of  potaanc  carbonate. — 
8.  Together  with  the  bromate,  by  adding  bromine  to  a  solution  of  catutic  potaah  till 
the  liquid  acquires  a  Rlight  permanent  yellow  coluur.  The  bromate  may  then  be 
decomposed  by  passing  a  current  of  sulphydric  lurid  through  the  solution,  the  excess  of 
the  gas  eimellsd  by  ^ntle  heating  the  liquid  filtered  from  the  deposited  sulphur,  snd 
eraporatcd  till  it  yields  oystals  of  the  bromide  (Lowig). — F.  Klein  (Ann.  Ch. 
Pharm.  cxxriii.  237)  prepares  the  salt  by  decomposing  bromide  of  calcium  (obtainsd 
bv  triturating  1  pt.  amorphous  phosphorus  with  V2'h  pts.  bromine  and  water,  and 
slightly  fiupertsuturating  the  n^rolting  aqueous  hydrobromic  acid  with  milk  of  Umr 
with  sulphHte  of  pota»iium  (13  ptJi.)*  leaving  the  mixture  to  itself  for  12  hours,  ibea 
cTaporsting  the  fiJtratc  and  va.<«h-wnt»r,  adding  cnrbourtte  of  potassium  as  long  as  tur- 
bidity ensnei,  and  evaporating  the  tllten>d  liquid  to  the  crystallising  point. 

Bromide  of  potaasiura  OTStallisea  is  very  briUiunt  cubes,  sometimes  elongated  into 
prisms  or  flattened  to  plates.  Ir  has  a  speciftc  grsTity  of  2690  (Schroder,  Jahrrvh 
1869,  p.  12);  tastes  sharp ;  decrepitates  in  the  tire,  and  melts  without  decompositias. 
It  dissolves  more  abundantly  in  hut  than  in  cold  u^attr,  and  is  tdightly  roluble  in  alcohol. 
It  is  decomposed  at  a  red  heat  by  chiorinr.  W^ith  aqueous  Mi/pocAlorous  arid,  it  yi«ldi 
bromate  and  chloride  of  potassium,  bromine  and  chlorine  being  set  fr^e.  When  fused 
with  chtomte  of  potassium,  it  is  converted  into  bromate.  According  to  Uerapcl 
(Ann.  Ch.  Pharm.  cvii.  160),  it  is  not  decomposed  in  neutral  solution  hy  perman<fanaU 
of  potassium,  even  at  the  boiling  heat ;  but  on  addition  of  sulphuric  ocitC  bromine  is  set 
free  even  in  the  cold,  and  after  boiling  for  a  few  minutes  the  decomposiLion  is  complete, 
the  liquid  no  longer  A)ntiuDing  any  bromine. 

FOTASBZTTM,  C&JtBZSB  OF  t  Chsrco&l  which  bai  been  heated  to  redne«  is 
contact  with  potjisftium,  effi-rTcwos  afterwards  in  contact  with  water:  hence  the  chareosJ 
Bppears  to  have  taken  up  a  portion  of  the  potassium,  as  the  metal,  if  heated  alooa, 
would  volatilise  entirely.     (Davy.) 

FOTASSXinw,  CABBOacXBB  OF.  RCO.— Potiutsinm  unites  directly  with 
carbonic  oiidt*,  &s  tu*«t  otwenvd  by  Liebig  (Ann.Ch.  Phiirm.  xi.  182).  Accoitiing  to 
Brodie  (Chi-m.  Soc.  Qu.  J.  xii.  269),  pure  i>ota!)«iium  heated  to  about  80°  in  carbonic 
oxide  free  frorn  air,  is  at  first  slowly  oonvi'rt<Mi  into  an  arborescent  group  of  dull  grsy 
CTTstals  ;  but  if  the  patwagv  of  tbr  gus  br  further  continued,  a  more  rapid  absoTpcioo 
tales  place,  even  at  a  lower  temperature,  and  the  grey  crystals  are  converted  into  a  daric 
red  compound  K'CO*  The  grey  substance,  which  cannot  be  obtained  pure.  appea» 
to  consist  of  K*CO.  The  dork  red  cumpouud  may  b«  preserved  under  miorral  naphtha, 
bat  is  decomposed  with  extreme  riolence  by  wuter.  ana  even  in  the  dry  state,  sometimsi 
explodes  ^m  caoses  which  have  not  been  mitde  out  On  carefully  adding  it  to  anhy- 
droQ^  alcohol,  great  heat  is  evolved,  pnrt  of  the  substance,  containing  |ths  of  the  s&tns 
quantity  uf  potassium,  dissolves,  withouL  evolution  of  gas,  and  the  rest  separates  as 
rhodizonnCe  of  potasfliora,  probably  thus: 

6K^C*0»       -       2K'0      +      K-C'^O". 
Carboxldr  of  Rhodlionat*  of 

PoUiiiuin.  PaU^tium. 

Hence  the  carboxide  may  be  n^arded  as  a  compound  of  protoxide  and  rbodizonate,  or 
as  a  basic  rhoditonate  of  potassium  (see  RuonizoMo  Aca>). 

The  black  explosive  substance  formed  in  tiie  preparation  of  potassium,  by  heating 
carbonate  of  potassium  with  charcoal,  appears  to  consist  of  one  or  both  of  the  com- 
pounds jnst  described.  According  to  Kiihnemann  (Jahresb.  1864,  p.  130).  when 
potassium  is  intensely  heated  in  carbonic  oxide  ^s,  there  are  formed:  fiwt,  a  prey 
mixture  of  oxide  of  potassium  and  fre*?  earbon,  which  separates  as  the  appamtos  eooU 
irona  a  white  to  a  red  Heat ;  aa^  aocoudiV  aVfUicV  t«\\kA]]  ,  ^\w\^  «e\Kn.i««  «x.  a  t«m«> 
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per&ture  below  dull  ndQeas,  both  eompomids  being  formed  withoojt  acceM  of  water  or 
moist  air.  When  the  vapours  which  escape  firora  the  receiver  in  the  preparation  of 
potassinm  are  passed,  first  into  a  bottle  pfurtly  filled  with  naphtha,  and  Ui«nce  into  an 
tmpty  bottle,  the  grey  sabetance  collects  chiefly  in  the  fint  bottle,  the  red  in  the 
•econd,  part  of  it  however  escaping  nncondensed,  and  imparting  a  red  colour  to  water 
into  which  it  is  passed.  The  red  substance  dissolves  m  water  without  evolution  of 
gas,  forminff  a  solution  which  exhibits  all  the  reactions  of  rhodizonate  of  potassium. 
The  explosion  of  the  grey  substance  is  attributed  by  Kiihnemann  either  to  the 
heating  of  the  mass  by  absorption  of  water,  or  to  the  formation  of  peroxide  of  potassium 
(from  Use  protoxide  present)  and  its  action  on  the  &ee  carbon. 

VOTAnxoX,  axSMMCam  or.  KCl.  Digestive  Salt.  Sal  digeatimm, 
SjflviL  Sal  fibrifugum  Sylvii. — ^Potassium  takes  fire  in  chlorine  gas  at  ordinanr 
temperstores,  burning  with  a  red  flame  and  producing  chloride  of  potassium.  This 
nit  is  also  formed  by  passing  chlorine  over  red-hot  hy^ute  or  iodid*  of  potassium ;  by 
gently  heating  potassium  in  hydrochloric  acid  gas ;  by  dissolving  hydrate  or  carbonate 
of  potaasiora  in  aqueous  hydrochloric  acid ;  and  by  the  action  of  potassium  on  fused 
dUoride  of  magnesium  and  other  metallic  chlorides.  It  occurs  native,  sometimes  pnre 
but  more  abundantly  mixed  or  combined  with  other*  chloridee.  Pure  chloride  of 
potasninm,  or  tpltnne,  is  found  in  cubic  crystals  about  the  fumaroles  of  Vesuvius,  also  in 
thin  layers  in  uie  salt-beds  of  Staasfurth  near  Hagdebuig.  In  the  same  locality  there 
oocnrs  above  the  rock-salt,  a  deposit  of  chloride  of  potassium  and  magnesium,  or  car^ 
naOUe^  ECl.Mg^'CKflH'O,  forming  a  layer  between  60  and  70  feet  thick,  interspersed 
with  layers  of  rock-salt  and  kieserite,  Mg"SO^.HK).  This  deposit  is  worked  for  the 
extraction  of  the  potassium-chloride.  On  dissolving  the  camallite  in  warm  water, 
and  leaving  the  solution  to  cool,  the  greater  part  of  the  chloride  of  potassium  separates 
out,  while  the  whole  of  the  chloride  of  magnesium  remains  in  solution.  The  method 
of  recovering  the  remainder  of  the  potassium -chloride  from  the  mother- liquor,  will  be 
described  hereafter  (p.  718).  Chloride  of  potassium  occurs  also  with  the  chlorides  of 
sodium,  magnesium,  calcium,  and  other  salts,  in  sea-water  and  brine-springs,  and  is 
obtained  as  a  bye-product  in  the  preparation  of  chlorate  of  potassium,  the  purification 
of  saltpetre,  and  in  several  other  manufacturing  operations  (see  Fotassium-salts, 
Mani'f&ctcrb  of,  p.  716). 

Chloride  of  pota^num  crystallises  in  cubes  often  prismatically  elongated;  rarely 
(ftom  solution  containing  n-ee  potash)  in  octahedrons.  Specific  gravity  =  1'836 
Kirwan),  1*9163  (Karsten),  1'945  (Kopp),  1*998  (Schroder),  1986  (Schiff). 
t  tastes  like  common  salt ;  is  not  acted  on  by  the  air ;  decrepitates  when  heated ;  melts 
at  a  low  red  heat ;  volatilises  unchanged  at  a  higher  temperature.  It  is  somewhat 
more  volatile  than  chloride  of  sodium ;  in  a  covered  crucible  it  may  be  kept  in  a  state 
of  fusion  without  loss ;  but  in  open  vessels  it  volatilises  gradually  in  the  constantly 
renewed  current  of  air.     (H.  Kose.) 

Chloride  of  potassium  is  more  soluble  in  water  than  (»mmon  salt,  and  produces  a 
much  greater  ^gree  of  cold  in  dissolving  than  the  latter,  but  less  than  sal-ammoniac. 
One  part  dissolves  at  17'5°  in  3008  parts  of  water,  forming  a  solution  of  specific 
gravity  1-1635  (Karsten):  it  dissolves  at  ll*8°in  289  parts,  at  13-8°  in  287  parts, 
and  at  lA-e*',  in  2-85  parts  of  water  (Kopp) ;  100  parts  of  water  at  O'^  dissolve  29*23 
parts  of  chloride  of  pittassium,  and  for  every  degree  above,  0*2738  parts  (Gay- 
Lussac). 

Solutions  containing  various  percentages  of  chloride  of  potassium  have  the  following 
specific  gravities  :  Aoiording  to  Schiff  (Ann.  Ch.  Fham.  cviL  293;  Jahresb.  1859^ 
p.  39): 

Percentage  2*76        5*50  8*26  11*00  16*50  24*76 

Specific  gravity  at  16°     1017     10360       1-0529       1*0730         11115         11729 

According  to  Oerlaoh  (Jahresb.  1859,  p.  43) : 

Percentage 

Specific  gravity  at  16° 

Respecting  the  expansion  by  heat  of  solutions  of  potassium -chloride  of  various 
strengths,Bee  Kremers  (Pogg.  Ann.  Ch.  Pharm.  394;  Jahresb.  1857,  p.  68);  respecting 
tl^  tension  of  aqueous  vapours  given  off  from  its  solutions,  see  Wulfner  (Pogg.  Ann, 
dii.  529 ;  Jahresb.  1869,  p.  44). 

Chloride  of  potassium  is  but  slightly  soluble  in  strong  alcohol.  According  to 
Schiff  (Ann.  Ch.  Pharm.  cxviii.  362;  Jahresb.  1861,  p.  87),  100  pts.  of  spirit  of 
various  strengths  are  capable  of  dissolring  at  15^,  the  following  quantities  of  potassiam* 
chloride: 
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Qaantity  of  abeolnte  alcohol  | 

in  100  i4«.  of  spirit  S 

Quantity  of  KCl  in  100  pte.  { 

of  Baturated  sohitioa.         { 

100  pts.  of  wood-spirit  oontaining  40  per  cent,  methylie  aloohol  are  oipsble  of  diMcdv- 
ing,  at  the  same  tem(Mratare,  9*2  pts.  of  potassiuxn-chloride. 

Chloride  of  potaasiam  is  deconposea  by  auiphuricj  nitric  or  tartane  aaid^  with 
separation  of  hydrochloric  acid  and  funnation  of  sulphate,  &c  of  potafsinni.  Aorazding 
toBHumhauer(Jahre8b.  1869,  p^  128),  I  aU  chloride  of  potasBiam  in  aqneoos aolntioa 
is  completely  converted  into  nitrate  by  2  at.  nitric  acid. 

Chloride  of  potassium  absorbs  the  Tapour  of  sulpkuric  a»kjfdri<U,  fbrming  a  hard 

Innslncent  maas  consisting  of  KCLSO'or^  j^^  !«  (analogoos  to  Williamson*! 

chlorhydrosnlphuric  acid     v     [  C!^  which  is  insUntlj  dec(»nposed  by  water.    With 

ekr&mic  ank^fdride  it  fbrms  a  similar  compound  KCl.CrC,  which  is  also  deocmpond  by 
water;  it  is  obtained  in  needles  when  a  solntion  of  acid  potassiom-chronMite  m  hydfO- 
chloric  acid  is  allowed  to  crystallise. 

Chloride  of  potassium  unites  with  most  other  metallic  ehloridea,  forming  eryatelliv- 
able  donble  salts ;  these  are  described  with  the  chlorides  of  the  several  metais. 
Cklortde  o/pota/tsium  and  magnesium  ocean,  as  already  ol^prred,  in  the  salt  dcpoaic  of 
Stassfurth  (see  also  FoTAMnrx-saiTS,  Makuvactuks  or.  p.  717V — Ktrmeniie,  a  min- 
eral occurring  in  red  octahedrons  about  the  fhmarolee  of  Veenriiuv  oondsta  of  cUozida 
of  potassinm  mixed  (»r  combined  with  the  chlorides  of  sodinm,  amraoninm  and  iroB. 

Hemiektoride  or  Subekloride  of  Potassium,  K*C1. — ^Produced  by  melting 
the  ordinary  chloride  w'th  potassium  in  a  stream  of  hydrogen.  Tt  is  a  darlc  blue  cotO' 
pound,  which  is  decomposed  by  water,  with  erolntion  of  bydrogen  and  fbmation  of 
potassic  chloride  and  hydrate : 

E*a     +     H*0       -       Ka     +     KHO     +     H 

(H.  Rose,  Pogg.  Ann.  exx.  1).  A  blue  eompoond,  probably  identical  with  the  abofe^ 
is  formed  when  potassium  is  heated  with  chloride  ox  phenyl 

VOTASUVM.  OTAVIBa  OV.    See  CTAXiDXfl  (ii.  268). 

rOTASSZVM;  SBTBOTZOV  AVB  aBTIXATZCnr  or.  l.  ^tactions 
in  the  dry  way. — Pbtassium-com pounds  impart,  a  riolot  colour  to  the  outer  blow- 
pipe  flame.  Alcoholic  solutions  of  potassium-salts  bum  with  a  riolet  flame.  The  oolov 
IS  not  perceptible  to  the  naked  eye  in  presence  of  sodium  (or  lithium) ;  but  if  a  thiA 
plate  of  dark  blue  glass  be  interposed  between  the  eye  and  the  flame,  the  yellow  sodimn 
flame  is  completely  cut  off,  and  the  potassium-flame  then  becomes  distinmy  Tisible,  of 
a  zich  reddisn-Tiolet  colour.  In  this  manner  a  vf^iy  small  quantity  of  potaasiiun  may 
be  detected  in  presence  of  a  large  amount  of  sodium.  In  the  spectroscope,  pot  a— in  m- 
salts  exhibit  a  spectrum  Tery  much  like  the  ordinary  solar  spectrum,  bat  rhafart-fpssd 
by  a  bright  line  near  the  red,  and  a  fainter  line  near  the  riolet  extremity. 

The  normal  sulphate,  carbonate,  phosphate,  arsenate  and  borate  of  poCaanvm,  srs 
not  decomposed  by  heat.  The  chloride,  bromide,  iodide  and  hydnite  volatilise  withoal 
decomposition  at  very  high  temperatures.  Most  other  potasaium-salts  are  decomposed 
by  heat 

2.  Reactions  in  Solution.—  All  potassium-salts  are  soluble  in  water,  and  most 
of  them  easily  soluble.  The  normal  jotassinm-salts  of  strong  arids,  e.g.  KCl,  KNC, 
K*HO*,  C*K'0'.  &c.,  are  neutral  to  test-paper,  and  the  oorresponding  acid  nha,  e.g. 
KHSO*,  CHKO*,  &C.,  hare  sn  acid  reaction ;  but  in  the  case  of  the  w««ker  aHds.  the 
alkaline  reaction  of  the  potash  predominates  in  the  normal,  and  even  in  the  acid  salts; 
thus  the  normal  and  acid  carbonates,  K*CO'  and  KCHO*.  hare  an  alkaline  reiief  ioo ;  so 
likewise  have  all  the  borates,  excepting  the  pentaborate,  KH^BK)^,whieh  is  aevtval 
(i.  646). 

Solutions  of  potassinm-sftlts,  if  not  too  dilnt^i,  form  •withj^atinie  chloride  a  Tdlow 
crystalline  precipitate  of  cblnroplatinate  of  potassiumL,  K'PtCI*,  slightly  aoluDle  in 
watf'r,  insoluble  in  alcohol  and  in  acids.  If  xftj  little  potassium  be  present,  the  solii- 
tinn  must  be  saturated  with  hydrochloric  acid,  platinie  chloride  added,  the  wboU 
evHpoDted  to  dryness,  and  the  residue  treated  with  alcohol,  which  leares  the  cfaloropla- 
t  in  ate  nndissolvra. 

Concentrated  potassinm -solutions  form  with  tartarie  acid  (nr  better,  with  add 
tartrate  of$odtum\  %  white  crystalline  precipitate  of  acid  tartrate  of  pofasnum.  solable 
in  about  180  pts.  of  cold  water,  readily  soluble  in  sriHs  or  in  alkaline  solutions,  inaolvUe 
in  alcohol    In  dilute  acjueous  solutions,  the  formation  of  the  (Kvc^itate  is  grwit\y 
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&ciUui«d  by  ad^tion  of  alcohol,  also  bj  agitating  the  solotioD  or  scratching  the  sides 
of  the  test-tobe  with  a  glass  tod. 

Hydt-uJiuoaiUcic  acid  forms  in  solattons  of  potassininHBalts,  a  white,  gelatinotis  pre- 
cipitate of  potassic  siUcofluoride. — Perchloric  acid  forms  a  precipitate  of  perchlorate, 
insoluble  in  akohoL  When  a  concentrated  solntion  of  aluminium-ntlphate  is  added 
to  a  ooncentrated  solution  of  a  potassiom-salt,  octahedral  crystals  of  alum  are  deposited 
on  eraporating  the  aolotion. 

In  mixed  sohitions,  potassinm  mnst  be  looked  for  in  the  liquid  whidi  remains  after 
the  removal  of  all  the  metals  which  are  jwecipitable  by  salphydzic  add,  solphide  ol 
ammonium,  and  carbonate  of  ammonium,  and  of  ma^esium  by  baryta-water.  It  may 
then  be  detected  by  its  reactions  with  pUtinic  chloride  and  tartaric  acid;  also  by  eva- 
porating the  solution  to  dryness,  and  examining  the  colour  and  spectrum  of  the  flam« 
as  above  described. 

9b  Estimation  and  Separation, — ^Potassium,  when  it  occurs  in  a  compound  not 
containing  any  other  metJ  or  any  fixed  add,  may  be  estimated  directlv  either  as 
mlphate  or  as  chloride.  All  potassium-salts  containing  volatile  acids  are  decomposed 
by  nesting  them  with  sulphuric  acid,  the  excess  of  -niiich  may  afterwards  be  expelled 
l^  a  etrooger  heat,  and  the  quanti^  of  potassium  or  potash  calculated  from  the  weight 
id  the  rsaiaual  neutral  sul{Jiate.  It  is  difficult,  however,  to  expel  the  last  traces  of  free 
salphunc  add  by  mere  ignition ;  but  they  ma^  be  completely  driven  off  by  dropping  a 
lamp  of  carbon^e  of  ammonia  into  the  crucible,  and  repeating  the  ignition  with  Uie 
eottx  on ;  the  sulphuric  add  then  difihses  into  the  atmosphere  of  ammonia  in  the 
emdble,  and  a  pnfectly  neutral  sulphate  remaiiu,  containmg  41*62  per  cent^  potas- 
■inm,  or  64*06  per  cent,  of  potasnc  oxide,  K'O. 

In  estimating  potassium  as  chloride,  the  only  precaution  to  be  observed,  is  to  ignite 
the  chloride  in  a  covered  emdble,  as,  when  strongly  heated  in  contact  with  the  air,  a 
portion  of  it  volatilises.  The  chloride  contains  62*4  per  cent,  potassium,  equivalent  to 
6319  K*0. 

The  Beparation  of  potassium  from  all  metals,  excepting  the  other  alkaK-metals,  is 
HCfected  by  the  reagents  above  mentioned.  From  sodium  and  lithium  tt  is  separa- 
ted by  ekloridt  of^atinum^  adding  alcohol  to  complete  the  predpitation  of  the  chloio- 
^tinate  of  potassium.  The  precipitate  is  then  collected  on  a  weighed  filter,  washed 
with  alcohol  and  dried  at  100°.  It  contains  1604  per  cent  potassium,  equivalent  to 
19-31  KH). 

Predpitation  with  chloride  of  platinum  serves  also  to  separate  potassium  from  all 
other  metals  which  do  not  form  insoluble  chlorides,  and  from  all  non-metallic  elements. 

From  cssium  and  rubidium,  potassium  may  be  separated  by  the  greater  solnbi- 
li^of  its  chloroplatinate  in  water  (i.  1114),  or  according  to  Bedtenbacher  (BuH. 
8oe.  Chim.  1866,  ii.  201),  by  the  difierence  of  solubility  of  the  ^ums  of  the  three 
ncials,  100  pts.  water  at  17*^  dissolving  13*6  pts.  of  potasmum-alum,  but  only  2*27 
pts.  of  rubidium-alum  and  0-619  pts.  of  cseeium-alnm. 

The  amount  c^  hydrate  or  of  carbonate  of  potassium  in  a  solution  not  containing  any 
other  alkali,  or  in  commercial  potashes,  may  be  estimated  by  alkalimetry  (i.  117,  263), 
and  the  same  method  may  be  applied  to  the  commercial  valuation  of  organic  potassium- 
•ahs,  tartars  for  example,  after  the^  have  been  converted  into  carbonate  by  ignition. 

For  the  estimation  of  potassium  in  silicates,  see  Shjcates. 

4.  Atomic  Weight  of  Potaaeium.'-'The  method  of  determining  the  atomic 
weight  of  this  element,  in  connection  with  those  of  chlorine  and  silver,  has  been 
already  described  under  Chxobxnb  (i.  906).  The  experiments  of  Marignac  give  K  =* 
89*12 ;  those  of  Stas  give  K  »  39'14. 

VOTJUMZUMt  VXiVOXZSa  or.  KF. — ^Produced  by  dissolvinjg  potassium  or 
Um  hydrate  or  carbonate  in  hydrofluoric  add,  evaporating,  and  heatmg  strongly  to 
expel  the  excess  of  acid.  It  is  deliquescent,  ^ery  soluble  in  water,  and  crystallises  from 
an  aqueous  solution  evaporated  uxider  40^^,  in  colourless  cubes  often  Iragthened  into 
prisms,  or  exhibiting  square,  pyramidally  excavated  &ces.  Specific  gnvity  <=  2*464 
(Bodeker).  It  melts  below  a  red  heat,  has  a  sharp,  saline  taste  and  alkaline  reae- 
tion,  and  is  decomposed  by  strong  sulphuric  add,  even  at  ordinary  temperatures.  It 
is  insoluble  in  alcohol  and  is  precipitated  cherebr  from  the  aqueous  solntion  in  loag, 
thread-like,  radiating  crystals  containing  KF.2H'0.     (H.  Bose,  Fogg.  Ann.  Iv.  564.) 

Fluoride  of  potassium  fonns  definite  crystallisable  compounds  with  many  other 
fluorides.  The  fluoride  of  boron  and  potaesium,  EBF*,  has  been  already  described 
(i.  634).     Silico-fluoridc  ^  potassium  inll  be  described  under  SiLxcnJii. 

Fluoride  of  Potassium  and  Hydrogen,  KHP  or  KF.HF,  is  obtained  by  leaving  a 
solution  of  potassium- flnoride  containing  excess  of  hydrofluoric  add  to  evaporate  in  a 
platJnum-dish,  in  rectangular  fonr-sided  tables  with  truncated  lateral  edges,  or  by 
vary  slow  evapontioD  in  a  deeper  vessel,  in  cubes  (Berselius).    Aceording  to 
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Marignac  (PhiL  Mag.  [4]  xr.  157),  it  forms  quadratic  tahlfls.  W.  Oibbs  (BolL 
Soc  Cnim.  1865,  ii.  369)  recommDnda  this  salt  as  a  conTenient  resent  for  decomposing 
refiractory  silicates  and  other  minerals ;  beryl,  columbite,  chrome-uon,  and  casflit^rite, 
are  easily  disintegrated  and  decomposed  by  fusion  with  it. 

The  compounds  of  potassium-fluoride  with  the  fluorides  of  othsr  metitls  are  described 
under  the  several  metals. 

VOTASaXmK,  BTHBATS  or.  EHO  or  K'O.H'O.  Potash.  Caustic  Potagk, 
PotoMo,  VeaetabU  Alkali.  Pfianzenlau^ensalz. — This  compound  may  be  produced  by 
dissolving  axmydrous  protoxide  of  potassium,  K'O,  or  the  peroxide^  K'O*,  in  water,  the 
excess  of  oxygen  being  given  off  in  the  latter  case.  This  indeed  appears  to  be  the  only 
means  of  obtaining  the  hydrate  absolutely  pure.  But  it  is  generally  prepared  for  use  by 
decompoeing  carbonate  of  potassium  in  dilute  solution  with  slaked  lime.  In  an  iron  tw* 
sel  provided  with  a  closely -fitting  cover,  1  pt.  of  carbonate  of  potassium  is  heated  with 
12  pte.  of  water  till  it  boUs;  and  slaked  lime — prepared  by  mixing  2  pts.  of  quicklime 
with  9  pts.  of  warm  water,  and  keeping  it  in  a  covered  pan  tiU  it  is  reduced  to  a  soft 
powder — is  then  added  by  degrees.  A^^er  each  addition  of  limci  the  mixture  is  boiled 
for  a  few  minutM  in  order  that  the  carbonate  of  calciimi  may  become  dmse,  and  fall 
readily  to  the  bottom.  When  all  the  lime  has  been  added,  the  whole  is  boiled  for  a 
quarter  of  an  hour,  with  the  cover  on,  and  left  for  the  lime,  &c  to  settle  down.  The 
caustic  solution — which  should  no  longer  efierreace  when  poured  into  hydrochloric  acid, 
or  fi^ive  any,  or  very  little  cloudiness  with  lime  water  (if  otherwise,  longer  boiling,  and 
perhaps,  also,  an  addition  of  milk  of  lime,  is  requisite)— is  then  dravm  off  into  stoppm>d 
bottles  by  a  siphon  first  filled  wiA  water.  The  residue  is  once  or  twice  boiled  for  halt 
an  hour  with  a  small  quantity  of  water,  and  the  remaining  portion  of  potash  separated 
by  subsidence  and  decantation.  The  rest  of  the  lime  is  deposited  in  the  stoppered 
bottles.  The  decanted  solution  is  first  rapidly  concentrated  in  covered  iron  pots ;  and 
if  it  becomes  turbid,  set  aside  in  stoppered  vessels,  and  then  decanted ;  and  lastly, 
rapidly  boiled  down  in  a  silver  basin,  till  the  oily  hydrate  which  remains  begins  to 
evaporate  as  a  whole  in  white  clouds. 

To  ensure  the  complete  separation  of  the  carbonic  acid  &om  the  potash,  it  is 
necessary  to  use  a  considerable  quantity  of  water.  When  only  4  pts.  of  water  are  UKed 
to  1  pt.  carbonate  of  potassium,  no  decomposition  takes  place;  and  a  oonoentrated  solu- 
tion of  caustic  potash  withdraws  the  acid  from  carbonate  of  calcium  (Liebig).  The 
lime  may  also  be  mixed  witii  the  solution  of  pota^^tc  carbonate  at  oxdinary  tempvni- 
tures,  and  the  liquid  set  aside  in  stoppered  vessels ;  but  then  the  daeomposition  pro- 
ceeds more  slowly,  and  frequent  shaking  is  required;  the  carbonate  of  oudum  is  also 
less  dense  than  when  the  liquid  is  boiled,  and  consequently  the  decantation  is  mon 
difficult.  Moreover  cavbonate  of  potassium  almost  always  contains  silica,  which  is  not 
pr^ipitated  at  ordinary  temperatures,  but  completely  by  sufficient  boiling ;  for  it  then 
forms  an  insoluble  compound  with  the  excess  of  lime  and  the  potash.  Any  alumina 
that  may  be  present  is  separated  in  the  same  way.  As  the  alkaline  solution  abeorfaa 
carbonic  add  from  the  atmosphere  vexr  greedily,  the  air  must  be  kept  from  it  as  mndi 
as  possible.  A  portion  of  carbonic  acid  is  always  reabsorbed  during  evaporation,  unleaa 
this  process  is  performed  in  a  silver  vessel  fitted  with  a  head.  When  tne  csostic  solu- 
tion is  evaporated  down  to  an  oily  consistence,  the  greater  part  of  the  carbonate 
separates  in  solid  partides,  which  float  on  the  surface,  and  can  then  be  taken  off  by 
means  of  a  spatula.  If  crude  potash  or  pearl-ash  is  used  instead  of  pure  carbonate  M 
potassium,  the  hydrate  of  potassium  produced  contains  the  chloride  and  sulphata 
present  in  the  original  substance.  Hence,  to  obtain  pure  hydrate  of  potassium,  it  is  beat 
to  use  the  pure  neutral  carbonate  obtained  by  ignitmg  cream  of  tartar,  or  the  ciTstal- 
lised  acid  carbonate,  and  decompose  it  with  lime  obtained  by  igniting  black  marble. 

According  to  Berthollet's  plan,  however,  tolerably  pure  hydrate  of  potasaium — tbs 
Potajfse  a  fakool — may  be  obtained  from  impure  carbonate.  The  caustic  solution, 
obtained  as  above,  is  evaporated  to  the  thickness  of  syrup,  shaken  in  dose  vessels  with 
one-third  of  its  volume  of  alcohol,  and  the  mixture  left  to  settle.  Two  strata  ars 
thereby  formed,  the  lower  of  which  is  an  aqueous  solution  of  chloride,  carbonate,  and 
eulphat4^  of  potassium,  together  with  a  portion  of  caustic  potaah,  and  rests  on  a  prrcipi* 
tate  which  may  contain  hme,  oxide  of  iron,  and  sulphate  of  potassinm,  while  tb^  upper 
stratum  is  a  solution  of  caustic  potash  with  some  chloride  of  potassium  in  alcohol. 
This  is  poured  off,  and  freed  from  the  greater  part  of  the  spirit,  by  distillation  in  a 
silver  vessel  famished  with  a  still-head,  and  boiled  down  in  a  silver  basin  till  the 
hydrate  begins  to  sublime.  The  resinoun  matter  produced  by  the  decomposition  of  tbs 
alcohol,  and  found  floating  on  the  surface,  is  then  removed,  and  the  hydrate  is  poured 
out  on  plates.  It  is  free  from  sulphate  of  potassium,  but  contains  chloride,  and  tx»c<s 
of  carbonuto  and  acetate. 

Pure  hydrate  of  potassium  may  also  be  prepared:  a.  By  decomposing  the  sulphats 
with  baryta-water,  added  in  just  snflScient  quantity,  or  better  in  eU^ltt 


POTASSIUM:   HYDRATE. 


701 


'•fftponUang  the  decanted  solution,  the  small  excess  of  baiTta  is  precipitated  by  the 
carbo&ic  add  of  the  air.    (Schubert,  J.  pr.  Chem.  xsri.  117.) 

fi.  Bj  decomposing  pure  nitrate  of  potassium  irith  metallic  copper  at  a  red-heat : 
I  pU  of  saltpetre  and  2  or  3  pts.  of  thin  copper  plate  cut  into  small  pieces,  are  arranged 
in  alternate  thin  layers  in  a  covered  copper  crucible,  and  exposed  for  half  an  hour  to 
ft  moderate  red-heat.  The  cooled  mass  is  then  treated  with.water,  the  liquid  left  to 
•tand  in  a  tall  covered  cylindrical  vessel  till  the  oxide  of  copper  has  completely  settled 
down,  and  the  pure  solution  of  potash  is  then  decanted  with  a  siphon.  With  the 
above  proportions  of  saltpetre  and  copper,  part  of  the  latter  is  converted  only  into  sub- 
inide.  It  may,  therefore,  be  used  for  a  second  preparation  of  potash  by  mixing  I  pt.  of 
it  with  1  pt  of  saltpetre  and  1  pt.  of  metallic  copper.  Iron  ma^  also  be  used  to  decom- 
pose the  saltpetre ;  but  the  potash  thereby  obtained  is  contammated  with  small  quan- 
tities of  carbonic  acid,  silica,  &c.     (Wohler,  Ann.  Ch.  Pharm.  Ixxxvii.  373.) 

F.  Schnlze  (Zeitschr.  Ch.  Pharm.  1861,  p.  109)  heaU  a  mixture  of  1  pt  pure 
nitrate  of  potassium  and  1  pt.  pure  ferric  oxide  (prepared  &om  ferrous  oxalate)  to  low 
redness  in  a  covered  copper  crucible  into  which  hydrogen  gas  is  passed  by  a  tube 
reaohisg  nearly  to  the  bottom.  The  nitric  acid  is  easUy  decomposed,  and  at  the  end 
of  the  experiment  the  potash  is  found  mixed  with  the  ferric  oxide,  from  which  it 
nay  be  dissolved  out  by  water. 

Hydrate  of  potassium  prepared  by  the  ordinary  method  from  the  carbonate  may 
contain  the  following  impurities : — Carbonate  of  calcium,  originating  from  imperfect 
decantation. — Oxide  of  iron,  when  the  caustic  solution  is  evaporated  in  an  iron  vessel 

•  to  audi  an  extent  that  it  begins  to  act  upon  the  iron.  These,  together  with  other  in- 
soluble substances  accidentally  present,  remain  behind  when  the  potash  is  dissolved  in 
water. — Peroxide  of  potassium.  Formed  in  small  quantity,  towards  the  end  of  the 
evaporation,  when  conducted  in  the  air.  It  is  owing  to  the  presence  of  this  substance 
that  the  hydrate,  when  dissolved  in  water,  gives  offo^^gen  gas. — Carbonate  of  potassium. 
The  solution  dfervesces  with  acida — Sulphate  of  potassium,— Chlolide  of  barium,  with 
excess  of  dilute  hydrochloric  acid,  gives  a  precipitate. — Chloride  of  potassium.  A  pre- 
cipitate produced  even  when  the  liquid  is  very  dilute,  with  a  solution  of  silver,  nitric 
add  being  added  in  excess. — SitTate  of  potassium.  Gives  the  reactions  of  the  nitrates 
(p.  83). — A  few  oxides  of  the  heavy  metals.  The  solution,  supersaturated  with  acetic 
acid,  gives  a  precipitate  with  sulphydric  add  or  sulphide  of  ammonium. 

Properties. — Hydrate  of  potassium,  after  fusion,  is  a  white,  hard,  brittle  substance, 
having  a  specific  gravity  of  2*1  (Dal  ton),  and  often  a  6brous  texture.  It  melts  below 
.redness,  forming  an  oily  liquid  dear  as  water,  and  volatilises  at  a  fall  red  heat  in  white 
.pungent  vapours.  It  rapidly  absorbs  moisture  and  carbonic  add  from  the  air;  dissolves 
in  about  buf  its  weight  of  water,  evolving  great  heat,  and  is  almost  equally  soluble  in 
alcohol.  It  has  a  peculiar  nauseous  odour,  and  an  acrid  taste,  and  acts  as  a  powerful 
cauteiy,  quickly  destroying  both  animal  and  v^etable  matters :  hence  its  solution 
cannot  be  filtered  except  through  glass  or  sand,  and  is  always  best  clarified  by  subsi- 
dence and  decantation.  The  solution  should  be  kept  in  ^lass  bottles  &ee  from  lead,  as 
it  gradually  corrodes  lead-glass,  dissolving  out  the  oxide  of  lead.  It  also  attacks 
vessels  of  green  glass  or  porcelain  when  heated  in  them. 

.      A  hot  concentrated  solution  of  caustic  potash  deposits  on   cooling,  transparent, 

w  colourless,  vei^  acute  rfaombohedrons  of  ahvdrate  containing  KH0.2HK)  or  K*0.fiHH>. 
The  following  tables  give  approximately  the  proportion  of  potassic  oxide,  K'O, 
contained  in  lOU  pts.  by  weight  of  solutions  of  di£ferent  densities. 


Dalton 

(^Sysiem,  ii.  293). 

TiioDermann  (N.  Tr.  xviii  2,  6 ; 

at  15°). 

Spadflc 

KtOT>er 

Bolltng 

SpedAc 

K*0  per       Sp«clfle 

K«0psr 

r«'ity. 

cent. 

point. 

gravity. 

cent.          gnvltj. 

9*40 

899 

129-60 

1-3300 

28-290 

1-1437 

14146 

1-3131 

27-158 

1-1308 

13018 

2-20 

86*8 

123-9 

1*2966 

26-027 

1-1182 

11*882 

1-42 

34-4 

118-3 

1-2805 

24-895 

1-1059 

10-750 

1-89 

32-4 

116-6 

1-2648 

23-764 

1-0938 

9-619 

1-86 

29-4 

112-2 

1-2493 

22-632 

1-0819 

8-487 

1*88 

26-8 

109-4 

1-2342 

21-600 

10708 

7-366 

1-38 

284 

106-6 

1-2268 

20-935 

10689 

6-224 

1-23 

19-6 

104-4 

1-2122 

19-803 

10478 

6-002 

119 

16-2 

103-3 

1-1979 

18-671 

1-0369 

8-961 

1-16 

130 

101-7 

1-1839 

17-640 

10260 

3*829 

11 

9-6 

101-1 

11702 

16-408 

1-0168 

1*697 

l-O 

4-7 

100-6 

1-1668 

16-277 

10060 

0-6668 
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ThB  Liquor  PtjUsta  of  the  pli&nnaoopsia  coutaitia  nearly  6  per  c«bl  o(  Um  6oUd 
hydmto,  KHO.  and  hu  a  deuity  of  \-OaH.  The  atrong  •olution.  of  apeetAc  gnrity 
about  1-24,  U(hh1  for  abiorbing  carboaic  acid  m  organic  analyciia,  may  be  pcvptied  l^ 
diMMjlving  1  pu  of  the  hydrate  in  3  pts.  of  vacer. 

Reactioru.—HifdnU  of  potanium,  vhen  beatod  alone,  do«fl  not  daoonipaw  at  uj 
teuparatura,  but  wben  bf^ted  with  silicic,  borie,  phospboric,  tnngattc,  taitaria,  rtnaic, 
or  aqy  noD-TolatiJe  ncid  oxide,  it  giTsa  off  water  and  it  couTfrted  into  a  poUMivB- 
■alt  of  the  add.  Heated  with  potasnom,  it  gtvei  off  hydrogen  und  is  oonrvrted  isto 
the  anhydrous  oxide :  KHO  +  K  >=  EH>  -*•  H.  When  moderately  heated  vith 
sodium  under  a  liquid  not  containing  oxjgimi  it  yielda  an  alloy  of  put  ■win  m  tad 
sodium  (p.  696).  In  contact  vith  iron  at  a  white  heat,  it  is  completely  deoompotsd, 
giving  off  hydrogen  and  potaasinm  and  forming  oxide  of  iron. 

Potafih  posseseoB  in  on  emincntde^cetbe  characteristic  propertiea  of  an  alhali(i.  MIX 
viz.,  solubility  in  water;  the  povpr  of  neutralising  aada  and  decompoaing  mcuUie 
•alta;  a  esustic  or  oorroiivd  aotion  on  orgimic  sabstancee;  and  a  peniliar  action  vt 
vegetable  colours,  turning  reddened  litmus  blue,  tormerie  brown,  and  syrup  of  viotsti 
or  infbaon  of  red  cabbage,  green.  Aqueous  potaab  decomposes  moet  metallic  salti, 
precipitating  from  their  solutions  all  those  metals  which  form  insoluble  oxidss  or 
hydrateB.  The  precipitatM  formed  by  it  in  solutions  of  aluminium,  glncinnm,  ebro 
mium,  sine  and  lead,  axe  soluble  in  exceas  of  the  alkali ;  the  rest  are  inaoluble.  [For 
the  special  reactions,  s«e  the  serfnil  meuls.] 

At  high  t^mperatums,  it  artn  with  grest  energy  on  nearly  all  substaoces,  taking 
op  any  acid  that  may  exist  ready  formed  in  the  substance,  and  giving  rise,  by  ozidatioa, 
or  by  a  splitting  up  of  the*  original  compound,  to  the  furmation  of  aads  which  did  not 
preriooiily  exist.  Thus  it  decomposes  many  silicates,  forming  silicate  of  potassium  ind 
separating  the  bases :  hence  it  destroys  glass  or  porceluin  vessels  in  which  it  is  iWd 
Many  metals  are  oxidised  by  fusion  with  it,  and  oxides  are  raised  to  a  higher  state  of 
oxidatioD ;  in  this  manner  antimony  and  arsenic,  and  even  iron  and  platinum  (p.  066 J^ 
are  converted  into  acid  oxides  which  unite  with  the  potash  ;  and  chrornie  oxidi^  ths 
oxides  of  manganese,  &c.,  are  converted  into  chromate  and  manganat",  &c^  of 
potassium. 

Organic  compounds  (carbon- com  pounds)  either  unite  directly  with  potash  or  in 
decompoMd  by  it,  in  some  casea  by  contact  with  its  aqueous  or  alcoholic  solution  At 
ordinary  or  at  higher  tempo raturee,  in  oOiem  by  fusion  with  the  hydrate.  The  modn 
of  action  of  potash  (and  of  fixed  alkalis  in  general)  on  organic  compounds  may  bs 
chuisifiecias  follows: — 1.  Direct  combination. — 2.  JJouble  decomposition. — 3.  Oxids- 
tioD  with  elimination  of  hydrogen. — 4.  ConTersion  of  the  oigamo  compound  into  sa 
isomer. 

1.  The  instances  of  dirrct  cotnlnnation  of  potash  with  oiganic  bodies  are  but  few.  C  a  r< 
bonic  oxide  and  carbonic  anhydride  are  absorbed  by  it,  pfoducing  in  the  fim 
ease,  formate  of  potassium,  CHKO",  and  in  the  second,  the  acid  cartxaiate,  CHKO*. 
I  satin  dissolves  in  aqueous  potash,  forming  isatate  of  potassium.  C*H*NO*  -«■  KHO 
—  C"H"KNO";  similarly  with  chlor-  and  brom-iMitin.  Bensil,  C"H'»0' and  ceo- 
mar  in,  C*H*0',  are  convert  i>d  by  boiling  with  aqueous  potash  into  benxilate  sod 
eoomarate  of  potassium,  C>*E"KO*  and  CH'KO' respectively;  and  camphor,  C'*H**0. 
strongly  heated  with  potush-lime  in  a  sealed  tub^  is  converted  into  campbolair  lii 
potassium,  C'*H*'KO*.  The  acids  corresponding  to  these  potasaium-salts  consiat  of 
the  original  compound  -f  HK). 

2.  Ditub/e  J)fcornpogiti(m,—  Or gmnie  acids  (and  indeed  all  acids)  sre  oonverted  by 
aqueous  polaah  into  potassium -saJte  with  elimination  of  water:  e.g.,  C"H*0*  +  KHO 
=  CH'KO'  +  HK).  Some  aJouhols  (hs  phenol)  yield  similar  cumponnds  with  aqufoni 
potash  ;  solid  potash  ncXa  abto  on  other  olL-ohola  and  on  aldehydes,  but  in  a  dinsftsil 
manner.  ( 

Some  acids  when  fused  with  potuh  at  about  200°  are  resolved  into  two  otbsi%1 


I 


I 


TArUrIc 
aeXd. 

Nude 


*   2£H0     » 


+  3KH0 


C»H«KO» 

AcrUttf. 

2C»H»K0» 
Aceui«. 


C*HKO< 

Add 
oxaUi*. 

C^HKO* 

Arid 
oxalate. 


4.   2HX). 


+   3H*0. 


Componnd  ethers  are  convrtrted  by  alcoholic  potash  into  alcohols  and  potaMinm* 
salts  of  the  cnrn-pponding  acid\  and  fflyceridfB  boiled  with  aqneoas  potash  ars | 
resolved  into  glycerin  and  potassium -salts  of  the  fat  acids,  or  soaps.  I 

Chlorides,  bromides,  and  iodides  of  alcoholic  and  acid  radicles  are  eonrerfed] 
by  potash  into  rhkridr,  bromide  and  iodide  of  potassium  on  theone  hand,  and  alc^olt 
or  potawium-salls  of  the  acids  on  the  other :  t.  j. ; 
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.  C»H»C1   +     KHO     *    KU  -f  (C^»)HO 

Chlnrldt*  of  Btbrlle 

Hhjh  alcohol. 

C*KHyCl  +  2KH0     -    Ka  +  CrH»KO»  +  H»0. 

Chloride  of  Bengosto  of 

bmnofl.  poUMlum. 

Tb»  chlondet  and  bromidM  of  diatomie  alcohol-nidiclet  (ethylea«^  amTlena,  fre.) 
ftfe  noohed  under  the  inflaence  of  alcoholic  potash  into  hydroQaLoric  acta  and  ald*> 
bjdie  chloridee ;  e.^. : 

C«H«a*    -    Ha  +  CBKUL 

Amides  (nitridei  of  acid-radiclfifl)  are  for  the  most  part  attacked  bj  Itoiling potaah, 
giTing  off  ammonia  and  yielding  potasriom-Balts  of  the  corresponding  acids ;  e.g,  : 

(rHH).H«Ji  +  KHO     -     ffN   +  CH»KO« 
B«nsunMe.  Benioate  of 

putMiihim. 

Aleoholie  cyanides  boiled  with  potash  give  off  ammonia  and  are  conreited  into 
potassinm-salts  of  fatty  adds ;  e.g. : 

(?H».CN   +   KHO  +   H*0     =     NH»  +   0»H»KO«. 

S.  Osidatton  witk  evoiution  ofh^rogen.  This  reaction  takes  pUce  especially  with 
aleohols  and  aldehydes;  tboa: 

Cm*0  +   KHO     =     C'H»K0«     +  H«. 

B«nioic  BenioAte  of 

hjrdriHe.  potaulum. 

C'»H"0  +   KHO     =     C"H»KO«  +  m 

Cumlool.  Cnm  Inate  <A 

poui^um. 

C»H'K)  +  KHO     -     C»H*KO«    +   2H«. 
Ainvllc  Valerate  of 

alcohol.  pouuium. 

Oommon  alcohol  and  aldehyde  are  in  like  manner  converted  into  acetic  acid  when 
dropped  upon  potash-lime. 

wnen  the  salts  produced  in  these  reactions  are  heated  to  a  temperature  higher  than 
that  at  which  they  are  formed,  secondary  products  are  obtained ;  tnas  acetate  of  pota»- 
ainmmay  be  resolved  into  carbonate  and  marsh-gas :  C^'KO*  +  KHO  »  CK*0'  +  CH* ; 
formate  of  potassium  into  oxalate  and  hydrogen :  2CHE0*  »  C*KH)«  +  H' ;  the 
oxalate  into  carbonate  and  hydrogen  :  C"K*0*  +  2KH0  «  2CK«0»  +    H«  &c. 

Compound  ethers  hIso  yield  oxidised  products  when  they  are  fused  with  potash-lime 
instead  of  being  treated  witb  alcoholic  potash  (Dumas  and  St  as,  Ann.  Ch.  Fhys. 
Ixxiii.  161).  They  then  gire  off  hydrogen  and  yield  two  kinds  of  products,  the  first 
deriTed  from  the  add,  the  second  from  the  alcohol,  as  if  the  alkali  had  oxidised  the 
acid  and  alcohol  separately.  In  this  manner,  ethylic  oxalate  yields  acetic  acid  derived 
from  the  alcohol,  and  c&rbonic  acid  from  the  oxalic  acid. 

Like  most  oxidising  agents,  potash  often  splits  np  organic  bodies,  especially  at  veiT 
Ugh  temperatures,  taking  from  them  the  carbon  and  uxj^gen  neceosaiy  to  ronrert  it 
into  carbonate.  Highly  oxidised  bodies,  such  as  fixed  acids,  and  fixed  neutral  sub- 
■tanoes  (sugar,  gum,  starch,  woody  fibre,  &c.)  are  easily  attacked  by  fused  potash, 
often  yielding  carbonate  and  oxalate  of  potassium,  and  giving  off  hydrogen  sas.  Some 
adds  are  resolved  by  this  mode  of  oxidation  into  two  other  acids:  thnssnccinic  acid 
yields  <aalic  and  acetic  adds : 

C*H*0*   +   2KH0     »     CTPKO*    -   C«HKO*   +   8H«. 

Succinic  Ai  etate.  Add 

acid.  oxalate. 

Tlie  adds  of  the  acrylic  or  oleic  series  f^sed  with  potash  yield  acetic  add  and 
•Dother  fatty  add ;  e.g. : 

Oi«H*H)*  +   2KH0     -    C»H^O«  +   C'«H"KO*  +  H«. 

Oleic  acid.  Acrtate.  Palmitau. 

Aaotised  bodies  (indigo,  caffeine,  quinine,  &c.)  subjeetAd  to  this  mode  of  oxida- 
tion with  alkaline  hydrates  give  off  ammonia  or  other  volatile  alkalis;  such  as  methyla- 
aune,  aniline,  chinoline,  &e.  All  nitrogenous  organic  bodies  heated  to  low  redness 
vith  hy^^l^  of  potassinm,  yield  cyanide  of  potassium ;  but  when  heated  to  full  redness 
with  potash-lime  (or  soda-lime)  they  all,  excepting  nitio-oomponnds,  give  off  the 
whole  of  their  nitrogen  in  the  form  of  ammonia.    (See  Amaxtbib,  Obqavic  L  244.) 

Oreanic  bodies  eontaining  snlphnr,  yield  by  ftisioD  with  potash,  dther  nlphide. 
mlphite  or  salphat«  of  potassium. 
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4.  A  few  organic  bodies  undei^  isomtric  or  poiymetie  transformations  by  contact 
with  caustic  potash;  thus  furfuramide  is  converted  into  furforiiie;  bydrobenzamid* 
into  anuirine;  bitter  almuud  oil,  C'H*0,  into  benzoin,  C'*H*H)'. 

VOTASSZUlOv  BYSKIBa  OTt  Potassium  heated  not  qnita  to  redness  in 
pure  hydrogen  gas,  absorbs  about  one^fourth  as  much  of  the  gas  ae  it  would  have  evolved 
oy  contact  with  wat«r,  and  is  converted  into  a  grey  powder,  ?i±K\  without  mAtallie 
lustre  and  infusible  below  a  red  beat  (Gay-Lussac  and  Tb^nard).    See  GrMlm*» 

Handbook,  iii.  17. 

VOTASBXOBCt  Z09ZBB  OF.  KI. — Potassium  unites  with  solid  iodine  (under 
■light  pressure,  even  at  ordinary  temperatures)  and  takes  fire  spontaneously  in  its 
rapour,  burning  with  a  violet  flame.  The  iodide  may  be  prepared  by  neutralising 
hydriodic  acid  with  potash  or  potassic  carbonate ;  by  the  action  of  iodine  on  aqueous 
potash  or  sulphide  of  potassium ;  or  by  decomposing  other  metallic  iodides,  those  of 
sine  and  iron  for  example,  with  carbonate  of  potassium. 

a.  When  iodine  is  added  to  a  solution  ox  caustic  potash  till  the  liquid  begins  to 
assume  a  brown  tint,  iodide  and  iodate  of  potassium  are  formed,  according  to  lbs 
equation : 

3I»  +  6KH0     -     SKI  +   KIO«  +   3H«0. 

On  evaporating  the  solution  and  gently  igniting  the  residue,  the  iodate  is  deoomposed 
into  iodide  and  oxygen,  and  the  remaining  iodide  fuses.  Care  must  be  taken  cot  to 
%llow  the  temperature  to  rise  too  high,  as  the  iodide  volatilises  at  a  red  heat, 

i8.  A  solution  of  ferrous  iodide  is  prepared  by  digesting  2  pts.  of  iodine  and  1  pt.  of 
iron  in  a  stoppered  vessel  with  10  pts.  of  water  (iii.  390) ;  the  solution  is  decanted  alter 
a  while  from  the  excess  of  iron  ;  and  a  quantity  of  iodine  is  added  equal  to  a  third  of 
that  which  it  already  contains.  The  solution  is  then  boiled  and  carbonate  of  potasaium 
is  added  by  small  quantities  as  long  as  effen^escenee  ensues  and  a  precipitKte  is  formed. 
The  solution  filtered  from  this  precipitate,  which  consists  of  ferroso-ferric  oxide  and  is 
very  dense,  yields  on  evaporation,  crystals  of  iodide  of  potassium.  The  precipitate 
however  is  found  to  retain  a  portion  of  the  potassium-iodide  with  great  oMtinacw,  so 
that  it  cannot  easily  be  removM  by  WHshing.  To  obviate  this  inconvenience  Diets 
(N.  Juhrb.  Ffaarm.  xviiu  205)  ignites  the  iron  precipitate  previously  to  washing. 

y.  Liebig  (Ann.  Ch.  Pharm.  cxxi.  222)  recommends,  as  the  best  mode  of  obtaining 
pure  iodide  of  potassium,  the  decomposition  of  iodide  of  calcium  by  sulphate  of 
potassium.  To  prepare  the  calcium-iodide,  an  ounce  of  amorphous  phosphorus  is 
drenched  with  30  oz.  of  hot  water,  and  fine  pulverised  iodine  is  graduallv  added,  with 
constant  stirring,  as  long  as  it  dissolves  without  colonr  (the  quantity  thus  dissolved 
being  13^  oz.).  The  colourless  liquid  is  then  decanted  from  the  slight  deposit ;  the 
latter  is  washed ;  the  united  clear  liquids  are  mixed  to  alkaline  reaction,  with  milk  of 
lime  prepared  from  8  oz.  of  lime;  the  solution  is  strained  off;  and  the  residue,  con- 
sisting of  phoHphate,  phosphit4',  and  excess  of  hydrate  of  calcium,  is  washed.  The  solu- 
tion of  calcium-iodide  thus  obtained  is  mixed  with  a  hot  solution  of  9  oz.  rrystalliwd 
potassium-sulphate  in  about  48  oz.  water;  the  liquid,  after  standing  for  six  hours,  is 
strained  from  the  separated  sulphate  of  calcium ;  the  residue  is  washed  and  presned ; 
the  liquid  evaporated  down  to  a  litre  and  mixed  with  carbonate  of  potautum  to  pre- 
cipitate the  remaining  portion  of  calcium;  and  the  solution,  after  the  gelatinous 
precipitate  has  become  dense,  is  filtered,  washed,  and  evaporated  to  the  crystallising 
point.  This  process  yields  13}  oz.  of  crystallised  potassium-iodide,  and  by  evaporation 
of  the  mother-liquor,  3}  oz.  of  perfectly  pure  pulverulent  iodide.  Acccording  to 
W.  Squire  (Jahresb,  1862,  p.  71),  iodide  of  potassium  thus  prepared  often  has  a  reddish 
colour  [from  presence  of  phosphorus?]  and  is  difficult  to  crystallise;  but  may  be 
rendered  colourless  and  easily  cr)'stallisable  by  previous  fusion.  [For  other  modes  of 
preparation,  see  GmeHn's  Handbook^  iii.  46.] 

Iodide  of  potassium,  when  pure,  dissolres  in  six  times  its  weight  of  alcoh<^  (spseafle 
gravity  0'83),  and  does  not  eflfervesce  or  turn  brovn  on  addition  of  hydioehlone acid ; 
effervescence  would  indicate  the  presence  of  carbonate,  and  the  producticm  of  a  btown 
colour,  that  of  iodate  of  potassium,  the  brown  colour  ansing  from  separation  of  iodins 
by  the  mutual  action  of  iodic  and  hydriodic  acids  (iii.  300). 

Iodide  of  potassium  crystallises  in  cubes,  sometimes  elongated ;  rarely  in  octahedrons. 
The  crystals  are  sometimes  transparent,  sometimes  semi-opaque.  Speeifie  grmvity  ^ 
2-9084  (Karsten);  3-001  (Doullay);  2-850  (Schiff);  3 079 (Schroder).  It  is 
not  deliquescent,  has  a  sharp  taste,  and  turns  reddened  litmus-paper  sightly  bine.  U 
melts  below  a  rod  beat,  end  when  exjtoBcd  to  the  air,  volatilises  nndeoomposcd  at  a 
moderate  red  heat. 

Iodide  of  potassium  is  very  soluble  in  water,  and  in  dissolving  produces  a  consider- 
able fall  of  temperature,  sometimes  amouuting  to  24°.    It  dissolres  in  0*736  pi.  vitsr 
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at  12-6°  and  in  0*709  pt  at  16°  (Banp);  in  07  pt  at  18°  and  in  about  0-4K  pt.  at 
120°  (Gay-Lussac).  A  gaturated  aolution  boils  at  120°  (Baup).  The  following 
table  exbibita  the  expansion  by  beat  of  aqueous  solutions  of  potassium -iodide  of  various 
degrees  of  concentration,  as  determined  by  Kremera  (Fogg.  Ann.  criii.  115;  Jahresb. 
1859,  p.  49): 

Vchmea  of  Agueoua  Iodide  of  Potastiwn  at  different  temperatures  (vol.  at  195°  «  1), 


QautityofMltiD  100  pU. 
water. 

283 

Ml 

W« 

IM^S 

flpecHte  gravity  at  Id^fiP. 

1*1856 

1*3445 

1M44 

1*68W 

0° 
19-5 
40 
60 
80 
100 

0-99422 
100000 
100843 
1-01866 
1-03039 
1-04388 

0-99231 
1-00000 
1-00969 
102017 
1-03195 
104600 

0-99127 
100000 
101016 
1-02090 
103247 
1-04487 

? 

1-00000 
101022 
102085 
103022 
1-04376 

Iodide  of  ^tassium  dissolves  at  12-5°  in  5-6  pts.  alcohol  of  specific  gravity  0'85, 
and  at  13'6°  in  39 — 40  pts.  of  absolute  alcohol ;  hot  alcoliol  dissolves  a  much  lai^r 
amount,  and  deposits  it  in  needles  on  cooling. 

ChioritUf  with  the  aid  of  heat,  decomposes  iodide  of  potassium  into  chloride  of 
potassium  and  iodine.  From  a  solution  in  2  pta.  of  -wnter,  chlorine  gas  throws  down 
iodine  at  first;  but  this  disappears  again  when  more  chlorine  is  added,  a  compound  of 
trichloride  of  iodine  with  chloride  of  potassium  being  formed,  which  colours  the  liquid 
yellow,  and  yields  an  abundant  crop  of  crystals.     (Filhol.) 

The  brownish-yellow  colour  produced  by  chlorine  is  visible  in  a  diluted  solution  to 
tbe  extent  of  1  pt.  of  iodide  of  potassium  in  3000  pts.  of  water ;  the  same  reaction  ii 
produ(*ed  by  sulphunc  and  nitric  acid,  in  a  solution  of  1  pt.  in  6000  pts.  of  water. 
(See  Iodides,  iii-  287.) 

Iodide  of  potassium  evaporated  with  nitric  add,  is  entirely  converted  into  nitrate 
(Serullas).  When  it  is  heated  witli  nitrate  of  ammonium,  iodine  is  abundantly 
evolved,  with  production  of  a  brown  colour.  It  is  easily  decomposed  by  nitrous  acid, 
which  sets  the  iodine  free.  On  adding  nitrite  of  potassium  to  a  solution  of  tlie 
iodide  acidulated  with  hydrochloric  acid  and  mixed  with  starch-paste,  a  dark-blue 
colour  is  produced,  instantly  in  strong  solutions,  after  a  few  seconds  in  very  dilute 
solutions  (D.  S.  Price,  Chera.  Soc.  Qu.  J.  iv.  166).— By  fusion  with  rhloraie  ofpotaa- 
eiuTn,  the  iwUde  is  converted  into  iodate  ;  heated  with  nitrate  of  potassium  or  nitrate 
of  barium,  it  yields  a  small  quantity  of  iodate  of  potassium  or  barium,  together  with 
peroxide  of  barium  in  somewhat  larger  quantity  (0.  Henry,  J.  Pharm.  xviii.  346). 
In  the  vapour  of  aulpkuric  anhydride,  it  turns  reddish-brown,  and  produces  sulphate 
■of  potassium,  sulphurous  anhydride  and  iodine  (H.  Bose,  Fogg,  xxxviii.  121): 
2KI  +   2S0»     «    K«SO*  +  S0»  +  1\ 

When  distilled  with  dilute  sulphuric  acid,  it  yields,  first  hydriodic  acid,  then,  on 
ftirther  concentration,  iodine  which  dissolves  in  the  hydriodic  acid,  and  sulphurous 
anhydride  which  passes  over  with  the  water  and  iodine,  and  is  converted  into  sulphu- 
ric acid.  Heated  with  'peroxide  o  manganese  and  suJphurtc  acid,  it  gives  iodine  only, 
DO  sulphurous  acid.  A  mixture  of  equal  parts  of  iodide  of  potassium,  common  salt, 
nitre,  and  sulphuric  acid,  yields  chloride  of  iodine  as  the  principal  product  (Soubei- 
ran).  Steam  passed  over  iodide  of  potassium  heated  to  redness,  causes  the  evolution 
of  a  large  quantity  of  hydrioviic  acid  pas ;  the  residue  is  alkaline  (Schindler,  Mag. 
Fharm.  xxxi.  33).  A  mixture  of  iodide  of  potassium  and  eal-amrmmiac  yields,  when 
heated,  free  iodine,  and  iodide  of  ammonium,  whilst  iodide  and  chloride  of  potassium 
remain  behind.  The  mixture  remains  unaltered  in  dry  air,  but  in  moist  air,  slowly 
absorbs  water  and  becomps  brown  through  the  decomposition  of  the  iodide  of  ammonium. 

A  concentrated  solution  oi  ferricyanide  of  potassium  separates  iodine  from  iodide  of 
potassium ;  a  dilute  solution  does  not ;  and  the  iodine  separated  in  the  former  case  is  taken 
up  again  on  diluting  the  liquid,  the  reaction  represented  by  the  equation  2K'Fe"'Cy*  + 
2KI  —  2K*Fe"Cy"  +  I*,  taking  place  one  way  or  the  other  according  to  the  strength 
of  the  solutions.     (C.  Mohr,  Ann.  Ch.  Fharm.  cv.  67;  Jahresb.  1868,  p.  99.) 

Iodide  of  potassium  is  much  used  in  medicine;  it  is  not  poisonous  even  in  doses  of 
several  drachms.  Its  solution  is  also  employed  as  a  vehicle  for  iodine  itself,  20  grs. 
of  iodine  and  30  grs.  of  the  iodide  being  usually  dissolved  together  in  an  ounce  of 
water.    The  solution  thus  obtained,  which  has  a  dark-brown  colour,  is  sometimea 
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supposed  to  contain  a  di-iodide  of  potassium ;  bnt  as  the  excess  of  iodine  is  eomly 
removed  from  it  by  sulphide  of  carbon,  this  view  is  not  xery  probable. 

Iodide  of  potassium  unites  with  many  other  metallic  iodides,  forminj^  doable  salts ; 
these  are  described  under  the  respective  metals.  A  compound  of  iodide  and  ferricya- 
nide  of  potassium,  KI.K*F6"Cy*,  is  obtained  as  a  golden-yellow  crystalline  powder  by 
the  action  of  iodine  on  a  warm  solution  of  the  ferrocyanide.  (Freuss,  Ann.  Ch. 
Pharm.  xxix.  323.) 

90TABBTtn€t  ITZTBXBB  OT,    Tripotassamide,  K'K  (p.  69S). 

VOTASSZUMf  OZZSBB  OT.  Potassium  forms  three  oxides,  a  protoxide 
KH)f  a  dioxide  K*0',  and  a  tetroxide  K'O*.  A  erey  suboxid**  is  said  also  u>  be 
formed  during  the  gradual  oxidation  of  the  metal  in  dry  air,  but  it  is  probably  only  s 
mixture  of  the  protoxide  with  potassium. 

Protoxide  of  Potassium  or  Anhydrous  Potash, 'E?Ot\B  formed'.  I.  When  potas- 
sium in  thin  slices  is  exposed  at  ordinary  temperatures  to  air  free  from  moisture  and 
carbonic  anhydride. — 2.  By  heating  potassinm  with  rarious  metallic  oxides,  also  with 
carbonic,  boric,  silidc,  Sulphuric  anhydride,  &c — 3.  By  heating  1  at.  potassium  with  1  at 
of  the  hydrate : — 

2KH0   +  K*     -     2K«0   +  H». 

Protoxide  of  potassinm  is  white,  very  deliquescent  and  caustic ;  combines  energetically 
with  water,  beconung  incandescent  when  moistened  with  it ;  melts  at  a  red  heat  and 
Tolatilisps  at  reiy  high  temperatures. 

Tetroxide  or  Peroxide  of  Potassium,  K'O*. — This  oxide  is  obtained,  mix^ 
however  with  variable  quantities  of  the  protoxide,  when  potassium  is  burnt  in  dry  ur 
or  oxygen  gas.  Gay-Lussac  and  Th&naro,  who  examined  the  peroxide  thus  formed,  as* 
signed  to  it  the  composition  KK)',  but  their  determinations  did  not  agree  well  with 
one  another.  To  obtiun  a  definite  product,  it  is  necessary  to  expose  perfectly  pure  and 
clean  potassium  to  a  moderate  heat,  first  in  a  current  of  dry  air,  then  in  dry  oxygen 
gas ;  if  the  metal  is  at  once  exposed  to  the  action  of  pure  oxygen,  great  hrat  is  evolTed, 
and  the  ^roxide  melts  and  attacks  the  glass  vessel 

Tetroxide  of  potassium  is  a  chrome-veUow  powder  which  cakes  together  at  about  280^. 
It  absorbs  moisture  rapidly  from  the  air,  and  is  decomposed  by  water,  eiving  off 
2  at.  oxygen,  and  forming  a  solution  of  dioxide  of  potassium,  K'O'.  When  n<*«ted  in 
a  silver  boat  in  an  atmosphere  of  nitrogen,  it  is  reduced  to  protoxide,  oxide  of  silrer 
being  also  formed  and  2  at.  oxygen  given  off  as  gas  : — 

K«0*  +  Ag«     =     K«0  +  Ag«0  +  0\ 

When  heated  with  sulphur^  it  deflagrates  violently ;  but  when  sttlphnr-rapoiir  is 
passed  over  the  tetroxide  genUy  heated  in  an  atmosphere  of  nitrogen,  a  portion  of  it 
(in  one  experiment  nearly  the  whole)  is  converted  into  sulphate  of  potassinm  KO^; 
generally  however  the  excess  of  sulphur  exerts  a  reducing  action,  forming  snlpbunns 
anhydride  and  sulphide  of  potassium.  The  tetroxide  gently  heated  in  a  strenm  of  cor. 
Aonurojruff,  yields  carbonate  of  potassium  and  2  at.  oxygen,  K*0*  +  CO  ■■  CK-O*  +  0*, 
With  carbonic  anhydride,  a  similar  action  takes  place,  with  evolution  of  3  at  oxy^Een. 
With  nitric  oxide,  it  forms  nitrate  and  nitrite  of  potassium,  together  with  nitric  peroxide: 

K«0«  +  3N0     -    KNO"  +  KNO»  +   NO*. 
Nitrous  oxide  does  not  act  upon  it    (A.  Vernon  Harconrt,  Chem.  Soe.  Qa.  J. 
xiv.  267.) 

Dioxide  of  Potassium,  K*0^  is  formed  at  a  certain  stage  in  the  preparation  of  tbs 
tetroxide,  but  has  not  bpen  obtained  in  perfectly  definite  form.  Bycwrefnlly  rcf^ulatiac 
the  heat  and  the  supply  of  air,  nearly  tiie  whole  of  the  potassium  may  be  conreilea 
into  a  white  oxide  euibiting  nearly  the  composition  of  the  dioxide ;  but  before  the 
metal  has  quite  disappeared,  some  portions  of  it  are  always  converted  into  the  tcUow 
tetroxide.  An  aqueous  solution  of  the  dioxide  is  formed,  as  already  observed,  by  tbs 
action  of  water  on  the  tetroxide.    (Harconrt) 

FOTASBZQlCf  VBOSram  Ol*. — Potassium  and  phosphorus  unite  wb«« 
neated  together  iu  nitrogen  gas,  the  combination  being  attended  with  evolution  of  light 
and  heat  Under  naphtha  the  act-inn  takes  place  without  combustion,  mnraly  eanainK 
the  liquid  to  boiL  To  obtain  the  pure  phosphide,  potassium  must  be  hestsd  with 
excess  of  phosphorus  in  a  stream  of  hydrogen  till  flame  is  produced,  and  further  till  the 
mass  of  phosphorus  is  volatilised  (H.  Rose,  Pogg.  Ann.  xii.  647).  It  is  a  eopoer- 
rtf'd,  crystalline  substance  having  a  metallic  lostre.  It  bums  rapidly  when  h^stsa  in 
the  air,  forming  phosphate  of  potassinm,  and  is  decomposed  by  vater,  yieldii^  ^JV^ 
phosphite  of  potassium,  phosphoretted  hydrogen  gas,  and  solid  phosphide  of  hydrogcs. 
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VOTASStmCt  SBZtBirZBBS  OV« — Compoonds  of  selenium  and  potassium  in 
▼arioua  proportions  are  obtained:  1.  By  direct  combination.  2.  3 j  igniting  seleuite 
or  selenate  of  potaaaium  with  hydrogen  or  charcoal  3.  By  fusing  selpnium  with 
hydrate  or  carbonate  of  potassium,  selenite  of  potaBsium  being  formed  at  the  same  time. 
The  products  thus  formed  are  grey  or  brown  masses  which  dissolve  in  water,  forming 
ft  solution  from  which  acids  ^minate  gaseous  selenide  of  hydrogen,  an4  precipitate 
aeleninm  if  that  element  is  in  excess.  A  solution  of  selenide  of  potassium  may  aUo  be 
formed  by  boiling  selenium  for  a  long  time  in  aqueous  potash.  All  the  solutions  of 
potassinm-selenide  have  a  hepatic  taste,  and  on  exposure  to  the  air,  deposit  seleniuof 
in  the  form  of  a  red  powder. 

VOTASSZUBK,  SZKXCXna  or.— The  two  elements,  when  heated  together,  unite 
without  perceptible  incaodeacence.  The  compound  containing  a  larger  proportion  of 
potassium  than  silicium  is  dark  greyish -brown,  and  dissoKes  entirely  in  water,  with 
evolution  of  hydrogen  gas,  gelding  silicate  of  potassium ;  the  compound  with  more  sili- 
cium than  potassium — obtained  by  decomposing  fluoride  of  silicium  with  potassium,  and 
also  by  strongly  igniting  the  first  compound — leaves  a  residue  of  silicium  when  digested 
in  water.  When  vapour  of  potassium  is  passed  over  ignited  silica,  silicHte  and  silicide 
of  potassium  are  produced,  and  dissolve  in  water  without  leaving  any  residue.  But  it 
the  greater  part  of  the  potassium  be  previously  expelled  at  a  strong  red  heat,  and  the 
lemaining  vitreous  mass  digested  in  water  and  then  in  hydrofluoric  acid,  a  small  quantity 
of  silicium  is -left  behind. 

MTASannc,  BXLZCorKVOXXSB  or.  K^iP  -  2EF.SiF4.— Obtained  by 
adding  hydrofluosilicic  add  to  a  potassium-salt,  as  a  transparent  gelatinous  precipitate, 
▼hieh  dries  up  to  a  white  earthy  powder.  It  is  one  of  the  least  soluble  of  the  salts  of 
potamium ;  consequently  hydrofluosilicic  acid  is  sometimes  used  to  separate  potassium 
&om  its  solutions,  as  in  the  preparation  of  chloric  acid  from  chlorate  of  potassium. 

rOTABSZUHCf  SirmznBB  or.  Potassium  heated  in  sulphur-vapour 
readily  takes  fire  and  bums  with  great  brilliancy.  It  unites  with  sulphur  in  five  dif- 
ferent proportions,  vis.  K»S.  K'S*,  K«S«,  K*S*,  and  K«S». 

Protosulphide,  K^.— Itisdoubtfolwhether this  compoundbas been  obtained  in  the 
pure  state.  It  is  commonly  said  to  be  produced  by  beating  sulphate  of  potassium  in  a 
current  of  dry  hydrogen,  or  by  igniting  the  same  salt  iu  a  covered  vessel  with  finely 
divided  charcoal ;  but  according  to  Bauer  (J.  pr.  Chem.  Ixxv.  246 ;  Jahresb.  1858,  p. 
116),  one  of  the  higher  sulphides  is  always  formed  at  the  same  time,  together  with 
oxide  of  potassium.  Theproduct  has  a  reddish-yellow  colour,  is  deliquescent,  and  acts 
as  A  caustic  on  the  skin.  When  sulphate  of  potassium  is  heated  in  a  covered  crucible 
with  excess  of  lamp-black,  a  mixture  of  sulphide  of  potassium  and  finely  divided  carbon 
is  obtained,  which  takes  fire  spontaneously  on  coming  in  contact  with  the  air.  The 
TOOtosulphide  might  perhaps  be  obtained  pure  by  heating  1  at.  sulphydrate  of  potassium, 
KHS,  with  1  at.  of  the  metal. 

When  sulphydric  acid  gas  is  passed  to  saturation  into  a  solution  of  caustic  potash,  a 
solution  of  the  sulphydrate  is  obtained,  which  is  colourless  at  first,  but  if  exposed  to 
the  air,  quickly  absorbs  oxygen,  and  turns  yellow  in  consequence  of  the  formation  of 
disulphide :  2KHS  +  0*  =  K»S»  +  H«0.  If  a  solution  of  potash  be  divided  into 
two  equal  parts,  and  one  half  be  saturated  with  sulphydric  acid,  and  then  mixed  with 
the  otner,  s  solution  is  formed  which  may  contain  protosulphide  of  potassium  :  KHS 
^  KHO  n  K'S  -f  HH)  ;  but  it  is  also  possible  that  the  hydrste  und  the  solpbydrata 
Biay  mix  without  mutual  decomposition.  The  solution  when  mixed  with  one  of  the 
•tronger  acids,  gives  off  sulphydric  acid  without  deposition  of  sulphur,  a  reaction  which 
is  consistent  with  either  view  of  its  consititution. 

Viaulphide  of  Potataium,  K'S*.  is  formed,  as  already  observed,  on  exposing  a 
•ohition  of  the  sulphydrate  to  the  air  till  it  begins  to  show  turbidity.  By  evaporation 
ia  a  vacuum,  it  is  obtained  as  an  orange -coloured,  easily  fusible  substance. 

The  trisulphide,  K%\  is  obtained  by  passing  the  vapour  of  carbonic  disulphide  over 
ignited  carbonate  of  potassium  »s  long  as  gas  coittinues  to  escape : 

2K«C0»   +    3CS»     -=     2K^S»   +    4C0   +   C0«; 

itbo,  together  with  sulphate  of  potassium — forming  one  of  the  mixtures  called  /«wr  of 
nUphur — ^by  melting  69  pta.  (4  at.)  carbonate  of  potassium  with40pts.  (10  at.)  sulphur 
(p.  708): 

4K'C0"  +   S'»     -     K«SO*   +   3K-S«   +    4C0«. 

The  teirasnlphide,  K'S',  is  formed  by  reducing  sulphate  of  potassium  with  the 
vapour  of  carbonic  disulphide. 

The  pentasulphidr,  KS*,  is  formed  by  boiling  a  solution  of  any  of  the  preceding 
nilphides  with  excess  of  sulphur  till  it  is  saturated,  or  by  fusing  either  of  them  in  the 
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drysUtc  vilh  tnilphur.  Therxcoes  of  sulphur  then  eoparat««  and  floaU  aboretbedaik 
bTer-brown  ncntAsuIphidf. 

All  tJift  sulphidwi  of  f^tMfium  lire  Irown  or  yellow-brown  Bolid?*.  haring  an  kUuKu  1 
Teuction  to  teat  paper,  ami  fimeUing  more  or  li-s*  diRtinctlj  of  fulph^dric  »cid.  Ainili 
droompoaic  ihem,  with  evolution  of  sttlph>dric  acid  gaa,  ulli^ndc^,  in  tUe  c*»r  ©full  Uil 
thft  ppotodulj'hide.  with  Uie  precipitunon  of  wliibe,  finely  dividp<l  sttlphur  (loilk  U  « 
Bulphnr).  On  adding  th*  p4>iitAHnlphifl(*  to  nn  pxci^m  of  hvdnicliUiric  a>;J  of  Rjirafio 
gniTlty  ftbout  11,  [>er«ulphidi-  of  hvdn)gen,  H'S*  (^iii.  204),  18  scparalrd  ft»  an  oily  fiqud. 
.Tbo  Bolurions  of  the  higher  Hulphiiles  Iwomo  colourlcM  on  exposure  \n  thp  air.  tbf 
Bulphic'e  bting  oxidiMeil  to  hy}>c>sulphitc  and  the  eicpss  of  loilphur  sfparBtcd.  Wh^a 
a  solution  of  oAUFtic  potash  w  boiled  with  wulphur,  a  dpconip4iiiitioa  onaaes  «iiniUr  t* 
that  which  ocean  whrn  bvdrate  of  putawiuni  and  nnlphur  are  fased  togpiher;  a  dt^p 
rrddi»h  liqaid  ia  then  fumed  containing  hyposulphite  of  poUasiam  uid  one  of  liiV 
higher  6uIpUide« :  f.ff. 

6KH0  +  S"  =  K  S'H'O*  +  2K*S*  -t-  2H^>. 
Uper  of  Svfpkttr,  H'jmr  tulphurii  $aliuum  ».  ahaJinum,  which  u  prepared  by 
grntly  heating  ealphor  with  caroonnt^  of  poiafisium  in  doaed  veaaels.  e.^.  in  conmd 
part  hen  or  cast-iron  crucibles, — but  fr<'eiit  fi\)m  impurity,  in  gUun  6a9lu, — cun«iaUi£ 
trif^tilphidpt  penta-f>u)phiile  and  intfnnetliaK' Hulphides  of  potaosiuro.  ao-urding 
proportion**  employed,  mixed  with  sulphate  and  often  at  the  same  time  with  coi 
of  potaMBium.  Sn  pts.  [4  ut.)  carK^nat^  of  potu^Mum  and  40  pta.  ( 10  at.)  milphvr, 
a  niixlun>  of  1  atv  sulpluite  and  3  nt.  eulphidi*  of  potnwium  (p.  7U7).  Wh«a 
sulphur  is  lued  and  a  lower  beat  applied,  thf  protluct  likewiae  contains  nndecoiD[ 
ciirlfunHteof  {•atassium;  if  the  heat  be  stronger,  the  trinulpbide  chantireatotliedinilphidc, 
and  a  Ifu^er  quuutily  uf  potjuwic  carbonate  ia  Jeoomposed.  Lastly,  if  the  nmonolof 
sulphur  exL*cedt>  10  aL,  the  excess  converts  thh  dibolphide  intu  lelm.-  or  p«nta-«ut- 
phido  of  potassium.  4  nt.  carbonate  of  potaraium  require  16  at. of  sulphur  to  fona 
pi.*utusu1phi(.1e.  Con««iueotly,  for  69  pts.  cftrl>onate  of  f»ota»pium.  40  pts.  of  milphur 
IS  the  snmlli'fit  qunutitj  that  can  be  used,  and  thi?*  pn^iiuces  tri-sulphide  of  potasaiim; 
61  pi?,  is  the  largest,  pi-ntn-fiulphido  being  pnMluce<l ;  iiny  excess  of  sulphur  beTOod 
this  voUtilisra  without  entering  iiitn  combination.  In  the  common  proportion  of  2  ptiL 
of  c.irbuimtu  of  potasuium  to  1  pt.  of  sulphur,  the  quantity  of  8ul|uiLr  is  (herefoR  too 
sinnll. 

POTASSIintX,  Sin.FHOCA1taONATB  or.     S««  SriJVOCAJIBOIca'nBS. 

POTASSHnif,   SlTliPHOC'S'A.lVATS  OI*.     Sen  SciJ>HOCTANATBa. 

FOTABSXTTItt,  BUXPHOMOXtTBDATXl  OF.  See  MoLTBDSiruif,  StaPHnilS 
OF^iii.  104-1.) 

POTA8SZVBI.  SVliPBOPHOSPHATa   aud   BTrX.PBOPHOSPKrrX  OP. 

See  pHowpHOHUs,  Sl'Miudbs  or  (pp.  603,  601). 

POTABSXCIIC,  fiVXiPBOTmrOSTATB  and  BVltPBOV-AVABATS  OP. 

S^o  TrNO.«TrN  and  Vanadium,  ScLPiimES  of. 

POTABBXTntC,  BDX.PH7DKATE  OF.  KHS  or  K'S.Il^S.— Formed,  with 
hberatioii  of  1  at.  liy'li\>^f'n.  wilful  nt.  jhitasjiium  is  heated  in  1  at.  sulphydric  acidgu. 
i.g.  when  tiOO  c.  c  of  the  gas  art'  d<-erinij^M5>e<l  by  a  quantity  of  potAssiuni  capable  of 
evnlvinR  inOc.p  of  hyHmgen  fmm  water  : '2H'S  +  K*  =  2KnS  +  H*  (O&y-Lassfte 
and  Th^nnrd);  also  by  pa.'t«ing  sulphydric  acid  gaa  oTt- r  carbonate  of  potamoia 
at  II  low  red  beat  aa  long  as  water  and  carbonic  anhydride  oontinoe  to  pa«  off 
(licrzelius): 

K'CO"   +   2n»S     -     2KHS   +   C0»  +  HK). 

It  is  white  if  air  baa  been  exdnHed  durins  its  prpparation,  yellowish  in  the  eonlnij 
eaa^t  crystalline;  black  when  melted.  It  is  decomposed  by  dUulo  acids,  with  erolntino 
of  aulphydric  acid.  If  heated  with  1  at,  potassium,  it  would  probably  yield  the  pofs 
prot«suIphiile:  2KHS  +  K'  «=  2K*S  +  H*.  The  same  compoimd,  is  obtained  in 
Bolotion  by  saturating  aqueous  pota*h  with  sulphydric  acid  (p.  707). 

POTABSZVM,  TBXtXiTrBZDa  OF.  Formed  by  heating  teJlurinm  with  potas- 
sium in  an  atmonphere  of  hydrugen;  by  hcnting  telluric  oxide  with  2  pts.  hydtxle 
of  potat».<tium  and  1  pt,  charcual ;  and  by  pasnng  the  current  of  a  powerftil  voltaic 
liaTtery  through  a  solution  of  potash  with  tellurium  for  the  negative  pole.  The  com- 
pound  obtained  by  the  first  method  is  dark  Lv^pp^r- coloured,  brittle,  has  a  cxTstalliiM 
fracture,  and  does  not  melt  bilow  a  red  heat ,  that  obtuim-d  by  the  second  has  the  colour 
of  nickel,  while  the  third  yields  a  Bteol-gr*'y,  brittle  compound  much  more  ftwible  than 
pure  tellurium.  TtUuride  of  potassium  di^snlves  in  water,  forming  a  pur^^le  solufion 
which  becomes  colourless  and  deposits  t.  llurium  on  exposure  to  the  air,  and  gi^-c»  off 
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telloride  of  hydrogen  when  treated  with  acids.     A  similar  solution,  bnt  containing  also 

tellurite  of  potassium,  is  formed  by  boiling  tt.'llurium  in  aqueous  potash.  (Berzelius.) 

POTASSXVUK-BTBirXN  C^H'K,  and  POTA8SZUX-lMCSTBTIi»  CH'K,  ore 

obtaiued  in  combinarion  with  zinc-ethyl  and  zinc-methyl,  by  treating  those  compounds 
with  potaAsium;  they  are  not  known  in  the  separate  state.  Their  reactions  are 
precisely  analogous  to  those  of  the  corresponding  sodium-compounds  ($•  v.)* 

POTASazuX-BAXTS,  MAJTUrAGTUmfi  OF,  The  sources  of  potassium 
have  been  already  enumerated.  Formerly  nearly  all  the  potash  used  in  tlie  arts  and 
mannfactures  was  obtained  from  the  ashes  of  land-plants ;  but  of  lute  years  the  in- 
creasing demand  for  potash  for  the  preparation  of  various  compounds  in  which  it  has 
not  yet  been  found  possible  to  replace  that  alkali  by  soda,  ntunely  the  chlorates, 
prossiatcfi,  chromates,  &c.,  and  raoro  especially  of  saltpetre  for  the  manufacture  uf 
gunpowder  —also  as  a  manure  for  the  cultivation  of  various  plants  (vine,  beet,  cereals, 
sc.) — has  led  to  the  invention  of  several  processes  by  which  potassium -salts  may  be 
obtained,  either  directly  £rom  mineral  sources,  or  from  the  waste  products  of  manu- 
fiujturing  operations.  It  must  be  observed,  however,  that  the  incineration  of  land 
plants  has  the  advantage  of  3aelding  the  alkali  in  the  form  of  carbonate,  which  may 
easily  be  converted  into  the  other  salts  by  neutralisation  with  the  respective  acids,  or 
into  caustic  potash  by  boiling  with  lime  (p.  700),  and  thus  at  once  rendered  available 
for  the  manofacture  of  soap,  and  the  various  other  purposes  for  which  a  caustic  alkali 
M  required,  whereas  the  other  sources  yield  the  potassium  for  the  most  part  in  the  form 
of  chloride  or  sulphate,  that  is  to  say  in  a  form  resembling  the  crude  material  in  Le 
Blanc's  process  for  the  preparation  of  soda,  and  requiring  a  complicated  series  of  opera- 
tions to  convert  it  into  carbonate  or  caustic  alkali.  For  some  purpMes  however,  tiie 
preparation  of  nitrate  of  potassium  for  example,  the  chloride  of  potassium  is  at  once  avail- 
able, without  previous  conversion  into  carbonate. 

The  sources  from  which  potassium-salts  are  at  present  obtained  are  the  following : 

I.  The  ashes  of  Land  plants.  IV.  Felspar  and  other  Silicates 

II.  The  ashes  of  Marine  plants.  V.  The  Wool  of  Sheep. 

HL  Sea-water,  Brine-springs,  and  Saline  deposits. 

L  MAXUF1.CTURB  OF  CaMBOVXTU  OF  FoTASSiriC  FROM  TKB  ASHBS  OF  TlHBBB 

Ajm  OF  Land  Plants  m  obnebal. 
The  ashes  obtained  from  plants  of  different  species  exhibit  very  great  diversities 
of  quantity  and  composition;  but  the  chief  constituents  are  always  the  carboontes, 
chlorides,  sulphates,  phosphates,  and  silicates  of  potassium,  sodium,  calcium,  magnesium, 
And  iron :  the  carbonates,  which  generally  constitute  by  far  the  larger  proportion  of  the 
ftsh,  are  produced  by  the  decomposition  of  oi^nic  salts  of  the  several  bases  (see  Ask 
OF  Oboakic  Bodlbs,  i.  416).  The  following  tables  will  give  an  idea  of  the  great  differ- 
ences in  the  total  amount  of  ash  and  the  proportion  of  potash  yielded  by  various  plants : 

Hoss:  JnalyHsfrom  IJiOO parts. 

Alb.    Potaih  (K^O) 

Pine  wood 340  046 

Beech   „ 6*80  1*27 

Ash      „ 12-20  0-74 

Oak      „ 13-60  1-60 

£hn      „ 26*60  390 

Willow,, 2800  2-86 

Vines 3400  6*60 

Ferns 36*40  4*26 

Wormwood 97*40  7300 

Fumitory 219-00  79*90 

Abbene  and  Blengini:  Analyst*  from  1,000 ^rfo. 

Ath.    Potuh(K>0)L 

Dahlia  with  blossoms  and  leaves     .        •        •        •        79*92  19-98 

„    stems  after  flowering  time    .        .        «        .        44*67  3*60 

„    bulbs 99-16  13-44 

„     branches 23-05  2-56 

Acacia-branches 24*69  2'66 

Grape-stems 88*88  4166 

Vine 46-66  12-73 

Skins  of  pressed  grapes  ..••..        72-91  14-88 

Stems  of  a  cluster  of  grapes    •        «        •        •        .          •    •  39-81 

Grape-stones •        .        •          .    .  9*60 

More  extensive  tables  will  be  found  in  Richardson  and  Watts's  Chemical  Technology, 
I  [3J  440—463. 
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1.  Ft>ta9hfrum  the  tuh  of  FortU-timbtr, 
It  viU  be  seen  fipora  the  exnnipl«  above  girrn  tluit  the  proportion  of  peUah  is  ^tt- 
bftcraUB  plnnt*  is  much  greater  than  in  trw« ;  and  aceurdingly  it  baa  bten  propoard  to 
grow  auch  pUinta  i  wormwood,  lanay,  muigoM,  Ac )  for  thi»  sole  parpMe  of  extaAn^ 
putaab  from  their  nahea.  But  such  •  pUn  cam  aeldom  be  profltablj  rarrieil  out :  ft*  lU«r 
fa^t-growing  planta,  eateept  under  Tery  peculiar  drrumBtiuices,  toon  exh»aat  the  sol 
of  alTiU  AvaiUble  potjuih.  Forest  ti^es,  on  thu  other  band,  during  their  commninflj 
sluw  growth,  are  able  to  aiiiil  tbemeelvm  of  the  poUish  which  is  snppliad  lo  tneml  bj 
tht'  i^nidual  dfOomp<^>silioD  of  fflspar,  cU^-,  &c.,  tuid  thua  a  LNrntinuoua  groirth  iak*^ 
vp  withuut  exbitustiuu  of  the  soil.  It  is  tberefure  from  forest  trecas  that  poCMb  u 
lihucipaUy  obtained,  the  manuf*cture  beinc  carried  on  in  eountries  where  extcnsr* 
JbrMts  prevail,  aa  iu  North  Amvrica,  Kuaaia,  Sweden,  Gernianj*  and  aome  pact«  W 
TuBC&nv  and  France. 

The  incineration  is  effected  either  in  pitA,  sunk  into  the  ground  to  a  depth  of  Oim 
or  four  feet,  or  the  plants  and  timber  are  arranced  in  piles  on  the  groand,  fraili 
quuiititiffl  of  limber  being  added,  in  eithrr  ca»e,  until  a  heap  of  ashes  ia  obtained. 
Tkt  lixiviatiun  of  the  osAm.— The  aah  is  rifled  from  the  coal  and  clurred  wood,  tho- 
roughly moistened  and  filled  into  two  row*  of  ennaca 
wooden  cisterns  or  half  boxrels  ifff.  74 1 ),  the  twoiv«i 
being  arranged  one  aborsthe  other,  with  a  thinS  rm 
of  empty  cifttema,  or  wells,  on  a  st  ill  lower  lereL  Ibi 
cisterns  have  false  (sierc-like)  bottoms  corcsvd  witt 
straw,  from  which  the  lye,  when  snfficieotly  »ti«% 
is  drawn  into  the  enporating  pans.  The  method  ti 
lixiriation,  generally  with  ocua,  sometime  with  hot 
wat'T,  is  similar  to  that  pnctised  in  aik&li-«orka 
The  upper  n>w  of  cisterns  u  fint  Blled  with  water  oa 
thi*  top  of  the  firmly  pressed  down  ash,  and  draea 
wbt-n  the  lixiviation  ia  complete;  they  an  th« 
retilled  and  the  weak  lye  is  run  iuto  the  fint  aah- 
ciftern  uf  the  second  row,  whence  It  alM>  iataea  to  » 
fit  state  of  sattiralion  for  boiling;  this  system  is  cootinui'd  in  rotation,  every  A«b 
portiun  of  water  cumiug  at  last  iu  contact  with  a  fresh  portion  uf  ash.  The  lye  in  It* 
proper  state  of  saturatiun  should  contain  from  20  to  2o  per  cent,  of  salt.  This  Mmpli* 
Aud  most  effV'ctual  method  is  LowevAr  only  one  ont  of  a  great  number,  used  in  diffen'at 
countries,  for  the  descriptiun  of  which  see  Richardson  and  Watta's  Chemicat  7i«Aai>- 
Uffff/'  i-  13]  458. 

Kf*nporatioH  of  the  hje.—Thsi  Ij'e,  »-hich  ia  of  a  dark -brown  colour,  is  eraporated  in 
fiat  iron  puns,  whilst  the  water  is  conntantly  replaced  by  lye  of  the  proper  strength, 
until  the  contents  of  the  pan  become  thick,  and  the  hot  l^eqiiickly  aolidifies  on  couUng; 
the  whole  is  then  evaporated  to  dryness  with  constant  stirring.  The  crude  product  thus 
obtained  is  called,  irom  the  mode  of  preparation,  crude  potash  or  potashesL  II 
consists  mainly  of  carbouate  of  potassium,  with  a  considetable  quantity  of  sulphate  aad 
about  \i  per  cent  of  water. 

In  Glermany  the  sulphate  of  potamiura  is  sometimes  separated  by  allowine  it  ta 
aryatallise  out  of  the  liquor,  before  boiling  down.  In  Rnssis,  potashes  are  made  lafgcly 
firom  wood-ashes  or  the  ash  of  straw,  aa  a  dntr  from  the  pensautry  to  the  estate-owsen. 
The  lye  is  CTaporated  iu  flat  copper  pans  to  the  point  of  crystallisation,  and  the  cario- 
nataodT potassium dt'positif  in  brown  cr}Btals,  which  are  then  calcined  in  a  muffle furmaea. 

Calcina  tion . — Crude  pD- 
tsnh  contains  water  and 
empyreumatic  subatancet, 
ADu  tbe»t>  are  deslxoyni 
by  calcination.  The  cal- 
cining fiimft*M»  is  shown  ID 
Jip.  7*'-t  and  is  worked  in 
the  same  manner  as  the 
carbonaring  furnace  in  the 
manufHctnre  of  alkali  ;  lbs 
crude  {lotash,  firvt  coreriog 
the  h'-arth  in  a  thin  layrr, 
i#wo!l  padlledand turned, 
tht-'n  bn-ken  down  and  tho- 
roughly exposed  to  the  hot 
air,  until  all  coinhiuntilils 
matur  is  destroyed  and  the  whole  mA»s  acquires  a  cl«ir  and  bright  fUme-rvd  hent, 
when  a  sample,  after  cooling,  will  appear  quite  while.    Careful  maaaganent  is  re* 
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quired  thrcmghoat  the  operatioo  to  prerent  the  fluxing  of  the  roaes  and  to  give 
the  ash  a  bright  appearance.  The  loss  in  veight  by  calcining  the  crude  potash  is  from 
15  to  20  per  cent  The  calcined  product, called  pearl-ash,  ia  packed  while  still  hot, 
to  prevent  any  absorption  of  moisture.  The  asn  is  often  discoloured  by  impurities. 
Iq  some  manufactories,  a  muffle  furnace  is  used  instead  of  that  above  described. 

Btjining  of  Pearl-ask. — In  America  the  pearl-ash  is  sometimes  redissolved,  the 
liquor  roncentrated  and  the  less  soluble  salts  are  alloved  to  crystalHse  out ;  the  clear 
liquor  is  then  evaporated  to  dryness  with  constant  stirring ;  this  ash  is  called  "  salt  of 
tartar."  In  France  the  calcined  pearl-ashes  are  washed  several  times  with  cold  water, 
which  gradually  takes  up  allthe'carbonate  of  potassium,  and  thesolntion  (specific  gravity 
ftbout  1*4735)  IS  evaporated  in  a  system  of  pans.  The  pearl-ash  thus  produced  is  of 
first-rate  quality,  and  very  much  liked  in  commerce  on  account  of  i^s  granular  form. 

Commercial  Potaskex. — Th^re  is  a  great  variety  of  potajsbes,  according  to  the  locality 
where  they  are  made,  whence  they  are  imported,  &c. — The  American,  imported  in  oak 
easks  vift  New  York  and  Philadelphia,  are  reddish,  sometimes  ^y  and  violet,  hard,  bul 
Teiy  deliquescent ;  there  are  three  kinds,  containing  respectively  54  to  58  per  cent., 
48  to  52  per  cent  and  30  to  45  per  cent,  of  neutral  carbonate  of  potassium,  k'CO". — 
The  white  American,  or  pearl-ash,  is  granular,  varying  in  percentage  from  25  to  68  per 
cent — The  Russian,  St  Petersbuig  or  Odessa,  also  called  "Kasan  *  from  being  manu- 
factured  near  this  locality,  are  packed  in  poplar  casks,  and  contain  frvm  50  to  52  per 
cent  of  pure  carbonate. — The  Riga  potashes  are  similar,  and  vary  from  50  to  52  per 
cent — The  Polish  {Potasse  de  PaiUe)  are  denser  and  hajrder. — The  Dantzig  resemble 
pearl-ashes,  but  are  more  friable,  and  stand  from  50  to  60  per  cent— There  are  three 
qualities  of  the  Tuscan,  which  are  in  powder,  mixed  with  pieces  of  different  colours : 
grey  of  60  per  cent. ;  white,  harder,  of  50  to  55  per  cent ;  and  blue  of  the  same  strength. 
— ^All  other  potashes  are  of  a  similar  character ;  they  are  never  completely  soluble  in 
water,  and  sometimes  leave  a  considerablf^  residue. 

The  following  analyses  give  a  very  good  idea  of  the  composition  of  the  various  kinds 
of  commercial  potashes : 

I.  Keimann's  Analysis  of  Potashes  from  Kasan* 
Insoluble  portion. 

lime 0*054 

Alumina 0012 

Manganic  add 0  0 13 

SiUca 013a-0'2U 

Soluble  portion. 

Carbonic  acid 27*790 

Potash 47*465 

Soda 2-730 

Sulphate  of  potassium  ....  17*062 
Chloride  of  potassium  ....  3'965 
Bromide  of  potassium  ....  trace 
Phosphate  of  potassium  •  .  .  0*443 
Silica 0-344— 99789 

100000 
II.  Pesier^s  Analyses  of  ComTnercial  Potashes. 


Constituenti. 

Tuicany. 

RuMla. 

America. 

Vofgei. 

Red. 

FmtI- 
Mbes. 

Carbonate  of  potassium       . 
Carbonate  of  sodium   . 
Sulphate  of  potassium .        .        . 
Chloride  of  potassium  . 
Insoluble  matters         • 

Moisture 

Phosphoric  add,  lime,  silica,  &c| 
and  loss  .       •       .       .        ( 

74*10 

301 

13-47 

0*95 
0*65 
7*28 

0*54 

69-61 
309 

1411 
209 
1-21 
8-82 

1-07 

6807 
5-85 

15-32 
815 
3-36 

not  esti- 
mated 

71-38 
2-31 

14-38 
3*64 
0-44 
4-56 

8-29 

38*63 
4*17 

38-84 
9-16 
2-66 
5-34 

1-20 

10000 

10000 

100*00 

100*00 
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in.  Biefn  AmUyte*  of  lUyfim  MaskeM^ 

Gubonate  of  potassium 78*76  82-86 

Carbonate  of  sodium  t                                                12*60  12*60 

Sulphate  of  sodium   ( 

Insoluble  matter 8'75  4*65 

100-00  100*00 
IV.  Van  Bastelaer^s  Andlyte*  of  Amenean  and  SuuUm  PoUuhe», 


CoDiUtuenU. 


American  poUsbM. 


I 


poUMhOL. 


Carbonate  of  potasaiam 
Caustic  potasQ   . 
Sulphate  of  potassium 
Chloride  of  potassium 
Carbonate  of  sodiiun. 
Moisture  . 
Insoluble  matters      . 


21*47 
446 

20  08 
7-66 

22-99 
9-87 

14-08 


80-43 
0-33 

26-06 
4-20 

23-90 
811 
8*98 


12-96 
21-71 
28-70 

7-89 
1707 

0-81 
16-86 


60-84 

17-44 
6-80 

12-14 

10-18 

360 


10000 


100-00- 


100-00 


100-00 


y.  Hejet's  AnalyaeM  of  American  Potatke*  (Kew  York). 


CooitttiKnti. 

BMt  Qoalltf . 

Flrtt 
QtuUty. 

StooDd  Qadtty. 

Qaalltr. 

Carbonate  of  potassium 
Hydrate  of  potassium    . 
Sulphate  of  potassium    • 
Chloride  of  sodium 
Carbonate  of  sodium     . 
Insoluble  matter  , 

43-68 

49-68 

407 

1-64 

0-718 

24-67 

44-43 

1614 

4-40 

4-27 

619 

66-01 

6-61 

27-70 

10-49 

019 

1607 
88-69 
1976 
6-60 
4-70 
16-86 

63-16 
4*49 

2X-30 
6-37 

1401 
1-69 

38-47 

63-34 
0-62 
6-03 
1*64 

99-79 

10000 

100-00       100-68 

10001 

100-00 

2.  Potash  at  a  bye^product  from  the  manufacture  of  Beet-root  and  Cane'-ngar. 

Beet-root  is  a  potash-plant,  its  ash  containing  only  in  some  few  instanoeg  a  largo  pro- 
portion of  soda ;  thus  Bonssingault  found  in  the  two  kinds : 

Soda-uh. 
Potash 


PoUuh-ub, 
.     48-9 


Soda 


7-6 


-  100 


30-1  > 
34-2  J   ~ 


100. 


Mathieu  de  Do  mbaslefirst  attempted  tocombine  the  production  of  sugar  with  the 
extraction  of  potash  by  iDcinnrating  the  leaves  of  the  beet-root ;  his  plan  was  howerer  soon 
abandoned;  about  20 years  later,  Dubrunfaut  suggested  th»t  the  uncrystallisable 
sugar  in  the  molasses  should  be  conrerted  into  alcohol,  and  the  potassium- salts  extracted 
from  the  residue.  This  plan,  which  has  been  adopted  on  a  large  scale  in  France  and 
Germany,  depends  on  inducing  a  fermentation  in  toe  molasses,  separating  the  alcohol 
by  distillation,  evaporating  the  residual  liquors  to  dryness,  calcining  the  solid  mass, 
and  treating  the  pure  salts  as  described  for  ordinary  potashes. 

Molasgfs. — The  unciystallisable  sugar  in  raw  beet-root  su^  was  found  by  Moinier 
to  vary  firom  0*12  to  3*40  per  cent,  but  in  some  molasses  it  amounts  to  90  per  cent 
Payen,  Poinsot,  and  Brunet  found  9*699  per  cent,  of  the  carbonates  of  potassium 
and  sodiimi  in  this  materiaL  Erocker  found  in  the  mineral  matter  left  by  the  indn- 
eration  of  the  molasses  :- 


Soluble 
Insoluble 


ne  mousses : — 

K«0.     Na«0.    C«0.  S0»  8I0«.  C0«.  ^O^-^^SaHi 

47-88    2*34      .  .  1-63  0-86  2239      .  . 

1-70    0-17     5-29  .  .  0*22  379  0*29      0*63 


^0»*PhS:^L^»«- 
12*92 


87-91 
12-09 

lOOiM) 


I 


I 
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The  nioIii86e«  ai^  dilut'v}  to  a  sp^v^iilc  grnrifj  of  I'OSA,  and  sulphuric  acid  ii  added 
to  render  the  liquid  ctlightly  acid.  Tliis  liquid  is  mixed  with  2^  per  cent,  of  the  jea«t 
of  beer,  run  into  lar^e  cisterns,  expoawJ  to  a  ft* mpemture  of  20^^  C.  (68^  F.)  and  allowed 
to  ferment  for  five  or  hix  davH.  It  i^tht^n  distilled  to  separate  the  alcohol,  amounting  to 
4  or  5  par  cent,  of  the  liquid.  Ail  the  salts  contained  in  the  plant  xvauun  in  the  wcidaa 
called  Tinusse. 

This  residue  is  nentmlised  with  chalk,  and  the  h'qaid  is  allowed  to  settle.  It 
i»  tlieu  concentrated  in  iron  pans  to  n  s^mpy  consistence  (1*217  to  ]~372  speciflo 
ffrarit;).  run  into  innkvS  to  allow  the  sulphate  of  calcium  to  precipitate,  and  the  clear 
hrown  liquor  \h  wilcined  iu  a  reTt-rberatory  furnace. 

The  addition  of  clmlk  to  the  vinasse  is  most  beneficial  to  the  composition  of  the  salt 
produced,  as  is  plaioly  shown  in  the  following  comparatire  analyses : — 

Wlibout  Itmt.  \Vlih  lime. 

Carbonate  of  potassium 42  52 

Carbonate  of  sodium  29  80 

Solphate  of  potjisKiom 10  1 

Sulphide  of  potA.ssium  >         .         •         •         •  8 

Chloride  of  potassium 16  17 

100  100 

The  potashes  obtAinnd  in  this  process  Tary  rery  much  according  to  the  districts 
where  the  bwt-root  has  been  grown  ;  they  are  richer  where  the  beet-root  has  recently 
been  introducKl,,  tlin.n  where  the  soil  has  been  long  culti^'aled  and  is  consequently  ex- 
hausted. These  raw  beet-root  potashes,  called  "  Salio  **  on  the  continent,  contain  on  ths 
avemgfl : — 

Sulphate  of  potassium,  &om 3  to  5  per  cent. 

Chloride  of  potassium,     ,,  .         .         ,         ,         .  20  per  cent. 

Carbonate  of  potas'sium  „  .        ,         .        .         .  80  to  3fi  per  cent. 

Carbonate  of  sodium       „ IB  per  cent, 

Brfining  of  tkr  raw  Salin. — The  crude  material  is  hjo'viatcd  and  the  liquors  are 
bometimea  bulled  down  to  dryness;  sometimen  the  strong  liquors  are  concentrated  up  to 
1-473  whilst  the  sulphate  of  potnAsium  is  fished  out.  Aft^r  cooling,  a  Urge  crop  of  crys- 
t.ils  of  L'hlonde  of  potassium  forms  in  the  coolers.  The  mother-liqnor  i»  separated, 
coucentRjled  up  to  specific  gravity  1-656,  and  Sj^^in  nin  into  coolers.  In  tliree  or 
four  days  a  rasKS  of  crysfali  is  formed,  consistingof  a  double  carbonate  of  p<jtai<sinm  and 
sodium.  The  mothor-liqnor,  now  Very  rich  in  carbonate  of  pota«.<tiam,  is  boiled  down  to 
dryness.  By  rcdissolving  fvnd  recrystal Using,  another  double  salt  with  less  carbonate 
of  potassium  is  formed,  which  is  then  melted  in  a  metal  pan  and  boiled,  whereupon 
carbonate  of  sodium  with  1  at.  water  (Na*CO'.H'0)  separatee,  learing  the  mother-Uqnor 
rich  in  potassium-BJilt 

M.  Billet  Hubjet'ts  the  rinafifie  to  a  distillation  process,  somewhat  similar  to  that 
which  Mr.  Stanford  hiis  proposed  for  seaweed,  whereby  he  obtains  tar,  illuminating 
gns  and  charcoal  in  addition  to  the  aah.  The  potash  is  extracted  by  liiiTiation,  with 
less  loss  than  in  the  provioos  prooess,  and  in  a  state  of  much  greater  purity.  (See 
Kichardson  and  VVattH'a  Chrmieai  Tfchnoifffty.  i.  [3]  180.) 

The  apgrei^te  quantity  of  potassium-sults  produced  from  the  beet-root  manufacture 
in  Europe  muKt  be  very  large,  and  is  daily  incr^aring.  The  application  of  these 
proceptsefi  to  similar  waste -prod  nets  in  the  manufucLure  of  cnne-sugar  might  he  equally 
nclrantdgeouH :  a  process  has  in  fact  been  patented  by  Mr.  G,  Sermour  for  Mons. 
Leplay,  for  the  re^<OTery  of  the  pobish  and  soda  from  the  saccharino  juices  of  canes  or 
beet-root  by  means  of  caustic  burjta. 

3.  Suiphate  and   Carbonate  of  Potassium  as  hycproducU  in  tht  manu/aciure  of 

Tartaric  Acid, 

The  acid  tartrate  of  pot-assium  existing  in  grape  juice  being  but  sUgbtly  soluble 
in  A  mixrure  of  alcohol  and  water,  is  separated  duriug  fbrmeciation  as  a  crust  on  the 
side*  of  the  ciw«kf,  and  called  white  or  red  crude  tartar  according  to  the  wine  from 
which  it  is  obtuiaed.  This  being  dissolved  in  hot  water,  and  the  saturated  solution 
allowed  to  cooU  the  surface  is  soon  covered  with  a  coating  of  fine  ciystals  of  the  acid 
tartrate  which  in  thifl  sLtte  is  railed  cream  of  tartar.  The  best  kinds  come  from 
Imly.  f^piin,  and  France,  and  contain  on  an  average  from  differwnt  samples  827  per 
cent,  lu'id  tajrtrute  of  potassium,  7*6  tartrate  of  ctucium,  and  9*7  water  (TccA/io/i^y,  i. 
[3]  4H4). 

Those  tarliirs  when  heated  are  decomposed,  and  leave  a  black  mapa  called  "black 
flax ; "  cuniiistii]^  of  putsaeiuui-carbonaU'  mixed  m  ilh  dmrcual ;  when  they  are  deflag^tod 
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with  8i]tptttr«,  A  white  rcoridne  is  obt&ined  called  '*  whil«  fltu  ;  **  consisting  mainlr  of 
poUasiuiD-carbonato,  Both  of  these  BaztMi  ure  extenaiTely  used  in  assajing  ur-UUie 
oref.  The  tArtsni  were  formerly  beuted  in  the  op^o  air,  tOl  the  rettidne  became  wbite^ 
and  then  sold  as  wood-Bsb. 

The  ]cf«  ol  wino,  as  well  05  the  yeast,  are  now  used  for  the  prodoctson  of  eu-boute 
ofpoLasfliain.  After  the  fprnipntation  of  the  wine,  the  yeait  or  leea  is  collected  into 
one  Tessol,  placed  in  bags,  and  pressed :  and  the  cakea  are  dried  and  incinerstnL 
Great  care  u  riHjaired  in  n^gulating  the  fire  properly.  These  ashes,  io  Pnuice  called 
Cendre$  ffraveliea,  are  of  a  very  superior  qnalit;,  reiy  lifrht,  porous  and  white.  A  sini- 
lar  product  is  obtained  from  the  residuf  in  the  manufacture  of  brandy. 

In  the  manufactare  of  tartaric  acid  half  th^  acid  in  thf^  crude  tjutor  is  neotnlised 
with  lime  and  precipitated  &»  tartrate  of  caldum.  The  neutral  tartrate  of  potaativm 
remaina  in  solution,  and  maybe  convprted  into  chloride  or  sulphate  of  potaaninm,  ly 
means  of  chloride  of  calcium,  sulphate  of  calcium,  or  dilute  sulphuric  acid.  Sir.  Gany 
has  patent^  a  process,  by  which  he  obuins  the  alkali  in  the  furm  of  a  carbonate  Inr 
treating  the  solution  of  ueutml  tartratn  with  milk  of  lime,  forcing  carbonic  acid  gas  al 
the  same  time  into  the  liquid  until  it  is  saturated;  insoluble  tartrate  of  calcium  ii 
formed,  and  the  acid  cnrboaat^.'  of  potassium,  which  remains  in  aulution,  is  eraporatrd 
and  calcinrti  in  a  reverberatory  furnace. 

Wapnor  prop<.i«e«  to  8uU*ititutf>  carbnniiteof  barinm  for  the  lime,  and  obtains  thns  imo* 
luble  tiirtmte  uf  barium  and  a  Holution  of  neutral  tartrate  of  potasBiom,  which  latti^r 
be  mixes  with  a  eolation  of  hydrate  of  barium.  This  mixture  is  boiled  and  carboDio 
uoid  pHH.seil  through  it,  until  hU  the  baryta  is  prH*ipifated,  and  the  caustic  potash  ii 
converted  into  carbonate,  whiuh  is  then  tTapomted  and  dried. 

n.  Fkom  TBI  Ashes  or  VLxmikm  Plaxts. 

The  Tolne  of  marine  plants  as  a  source  of  alkali  has  been  known  f^m  a  very  earl} 
nzv :  the  systematic  production  of  the  ash  of  seaweed,  called  ''kelp"  in  this  country. 
••Viir(*c"  in  France.  i«,  however,  at  least  in  these  islands,  of  c^jmfAmtively  fwr^nl 
onL'iu.  First  regularly  pursued  in  Ireland,  it  wus  introdacod  into  Scotlaud  by  Mr. 
T^I'IakkI  Hl»ut  the  yi'ur  1730.  It  was  at  first  worked,  for  ila  contents  of  carbonate  ul 
Kmlium,  at  the  time  when  hi^h  war  duties  were  levied  on  barilla  and  salL  Al  tho 
lH'(2innin|;  of  the  present  century,  the  value  of  Highland  kelp  was  tweuty  pounds  pet 
t"n,  and  the  production  of  Soulland  al^iul  this  pt;riDd  was  20,0C0ton5  per  aimuiiu 
When  the  manufacture  of  soda  from  common  salt  commenced,  the  kelp  fell  rapidly  in 
Tidue.  and,  although  the  discovery  of  iodine  in  1812  opened  np  a  npvr  demand  for  kelp, 
its  production  never  again  reochnl  the  abore-named  amount.  Kelp  and  varec  aie  now 
prounced  solely  fbr  their  contents  of  iodine  and  potassium -salts. 

Tables  of  the  composiriun  of  the  ash  of  seaweed  are  given  in  Richardson  and  Wattes 
Chcinteal  Tecknoh^tf  (i.  [3]  501,  502),  ahowing  that  the 

Potash  and  soda  vary  from  15  to  40  per  cent. 


Lime                          „ 

3  .. 

21 

Hagneaia                    „ 

7  „ 

Id 

Common  aalt               „ 

3  .. 

35 

Phosphate  of  calcium  „ 

3  .. 

HI 

Sulphuric  acid              „ 

14  „ 

31 

Silica                           „ 

1  » 

U 

I 


Colfivtion  of  the  Srawfrd  and  manufacture  of  the  JCr/p.— In  Scotland  (he  kelp  is 
collected  from  June  to  .September,  and  is  known  as  "cutweed"  and  "driftweed."  The 
eutwi'wl  or  wppd  cut  from  the  rooks,  is  phielly  obtained  in  the  Highlands  from  hro 
pUnts  t'iilled  "yrllowr-wreck"  and  "black-wr«;ck."  the  former  of  which  floats  in  water 
when  cut,  and  litnce,  being  more  easily  managed,  is  more  commonly  used  in  the  Hich- 
lands  ihun  the  othf-r  whicJi  does  not  float.  The  weed  is  cut  only  during  spring- tide*, 
and  it  is  important  to  dry  and  bum  it  before  it  suffers  from  rain,  as  otherwise  it  it 
apt  to  ferment,     Cutweed  yields  less  io*Jine  and  potash  than  drittweed. 

In  ^ootliind  the  weeds  arc  bumeil  in  kilns  on  level  ground,  14  to  16  feet  long  by 
2  feet  broad,  surrounded  by  a  stony  wall  8  to  10  inchfa  high.  The  kiln  is  kindled 
with  dry  heath  or  straw,  on  which  the  dried  seaweeds  ore  placed,  the  laying  on  of  the 
weed  being  dune  very  carefully,  so  as  not  to  allow  it  to  burst  into  a  flame.  When  this 
operation  has  been  in  progress  from  six  to  eight  houra,  a  portion  of  the  end  walls 
is  pulled  down  and  the  porous  ash  is  worked  up  and  kneod'xl  until  it  mells  and 
runs  together,  and  thus  forms  the  "fliwr."  a  cake  from  3  to  6  inches  thick.  The  whols 
operation  is  then  procet-ded  with  afresh,  a  second  floor  is  formed  &c.  up  to  four  and  even 
SIX  floora.     Thv  fused  muss  is  brok^'n  up  by  throwing  water  upon  it. 
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In  the  Dorth-weat  of  ireUnd  the  kelp  is  chiefly  made  from  dnftweed,  which  comes 
in  during  April  and  May ;  it  is  burnt  in  small  heaps  or  holes,  at  a  lower  temperature, 
80  that  tne  kelp  is  more  porous  and  much  richer  tnan  that  &om  the  Western  Islands. 

On  the  west  coast  of  France,  in  l^ormandy  and  BrittaDT,  especially  on  the  shores  of 
La  Manche,  the  "driftweed"  has  been  collected  from  time  immemorial.  When  the 
weed  has  been  gathered  or  cut,  it  is  dried,  and  afterwards  put  into  stacks  which  stand 
until  July  or  August,  when  it  is  burned  in  round  or  rectangular  pits,  which  are 
protected  on  their  sides  and  bottom  by  stones  or  plates.  The  pits  are  filled  with  diy 
weed  and  set  on  fire,  fresh  weed  being  continually  added  till  the  heat  becomes  so  great 
as  to  soften  and  ultimately  fiise  the  ashes. 

These  methods  howcTer  are  open  to  all  the  objections  pointed  out  some  years  ago  by 
Heinrich  Kose,  as  applying  to  the  older  process  of  incinerating  plants,  the  chief  of 
which  are,  that,  owing  to  the  great  heat  applied,  volatile  substances,  iodine  and  potas- 
sium-salts for  example,  are  to  a  great  extent  lost,  and  that  the  carbon  deoxidises  the 
alkaline  sulphates,  reducing  them  to  sulphites,  hyposulphites,  and  even  sulphides,  which 
accumulate  in  the  mother^liquor  and  require  a  large  quantity  of  sulphuric  acid  to  re- 
convert them  into  sulphates. 

To  obviate  these  objections,  various  plans  have  been  proposed,  consisting  chiefly  in 
charring  the  weeds  only  slightly  before  lixiviating,  or  in  subjecting  them  to  a  distilla- 
tion-process, whereby  tar  and  illuminating  gas  are  obtained,  together  with  a  residue  of 
charcoal.  This  when  lixiviated,  yields  a  solution  containing  Uie  soluble  mineral  con- 
stituents of  the  seaweed,  which  are  thus  obtained  with  much  leas  loss  than  by  the 
ordinary  process.     (See  SBAWssn.) 

Composition  of  the  Kelp  and  Varec. — The  differences  in  the  kelp  and  varec  from 
different  localities  are  very  great ;  not  so  much  however  when  manufactured  at  the  same 
place,  as  the  great  difference  in  the  composition  of  the  ash  of  the  seaweeds,  even  of 
the  same  species,  might  lead  one  to  expect  According  to  Golfier-Besseyre's  analyses 
of  French  varec,  the  sulphate  of  potassium  varies  from  11  to  44  per  cent.,  and 
in  one  case  fell  as  low  as  2  per  cent.;  the  chloride  of  potassium  from  12  to  3d  per 
cent,  and  in  one  instance  it  was  only  0*36  per  cent;  the  sulphate  of  sodium  from 
Oto  35  per  cent;  the  carbonate  of  sodium  from  nil  to  17  per  cent;  and  the 
chloride  of  sodium  from  9  to  7U  per  cent. 

Extraction  of  the  Salts. — The  separation  of  the  three  principal  salts  contained  in 
kelp,  viz. ,  the  chloride  and  sulphate  of  potassium  and  the  chloride  of  sodium,  is  based 
on  the  following  facts: — 1st  That  common  salt  is  nearly  as  soluble  in  cold  as  in  hot 
water;  2nd.  That  chloride  of  potassium  is  more  soluble  in  hot  than  in  cold  water;  and 
3rd.  That  sulphate  of  potassium  is  only  slightly  soluble  in  cold  water. 

The  following  table  exhibits  the  solubilities  of  these  three  salts  at  12}°  and  100°  C. 
(640  and  212°  F.). 


Saltt. 

Quuititt«i  dlitolved  by  100  (jIl  ofwatfr 

at  iif>  C. 

at)0O»C. 

Sulphate  of  potassium 

Chloride  of  potassium 

Chloride  of  sodium 

10-5 
320 
36-5 

270 
69-4 
400 

It  must  not  however,  be  forgotten  that  the  first  solutions  of  the  potassium-chloride 
render  the  sulphate  less  soluble,  whereas  the  sodium -chloride  renders  the  potassium- 
sulphate  more  soluble  in  the  second  lye  than  in  pure  water. 

In  Scotland,  the  kelp  broken  into  small  pieces,  is  thrown  into  large  cast-iron  vats 
containing  filters  made  of  straw,  dried  seaweed,  or  small  stones,  and  connect^-d  by 
pipes,  so  that  the  liquid  may  flow  from  one  to  the  other.  Water  is  poured  into  the 
first  vat,  filters  through  into  the  second,  and  so  on,  becoming  continually  more  charced 
with  the  salts,  and  when  saturated  is  made  to  flow  into  an  underground  receiver,  whence 
it  is  run  or  pumped  into  the  boiling-pans.  When  the  liquor  in  a  tank  falls  to  6*^ 
Twaddell,  it  is  run  off,  and  the  tank  is  refilled  with  fresh  kelp.  At  first  the  liquors 
stand  at  50°  T.,  but  by  the  time  the  Inst  vat  is  saturated,  they  fall  to  36°  T.,  below 
which  strength  no  liquors  are  evaporated.  The  filters  are  renewed  at  eveiy  fifth 
operation.  The  exhausted  mass,  still  containing  some  kelp,  is  sold  to  bottle  manu- 
fiicturers. 

The  kelp-liquor,  from  36°  to  50*^  T.,  is  evaporated  in  iron  pans,  and  boiled  down  to 
60°  T. ;  the  salt,  which  falls  in  great  quantities  during  the  evaporation  of  the  liquid, 
is  an  impure  sulphate  of  potassium ;  it  is  regularly  fished  out,  and  thrown  into  a 
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wooden  vessel,  with  a  perforated  bottom.  The  Hqaor  of  60°  T.  is  allowed  to  settle  and 
run  off  into  a  cooler,  where  the  chloride  of  potassiam  erystallises  ont.  These  oyitab 
are  thrown  into  a  basket,  and  allowed  to  drain.  The  mother-liqnor  is  boiled  no 
to  68°  T.,  when  sulphate,  chloride,  and  carbonate  of  sodinm  salt  out,  and  are  drabfd 
in  tbe  aame  way  as  before.  The  liquor  la  allowed  to  cool  again,  and  another  crop  of 
chloride  of  potaraium  is  obtained.  The  mother-liquors  are  then  ran  ofi^  treated  it 
before,  and  lx)iled  up  to  74°  T^  during  which  operation  the  same  sodiam-aaltaaepar^ 
and  are  fluhed  out ;  the  liquor  again  run  into  coolers,  furnishes  a  third  crt^  of  chloride 
of  potassium.  During  the  eraporatioa  of  the  first  liquor,  tbe  pan  is  oecafnonallj  fed  with 
small  quantities  of  kelp-liquor,  but  during  the  boiling  of  the  second  and  thira  liquw^ 
nothing  but  the  corresponding  mother-uquors  are  supplied.  The  salts  Beparating 
during  the  boiling  of  the  second  and  third  mother-liquors  are  sold  as  kelp-salts,  and 
contain  on  an  arerage  from  9  to  14  per  cent  of  alkali;  they  Taiy  Tccry  much  ii 
eomposition,  as  the  following  analyses  prove : 

Analyses  o/KHjhsaits  (Richardson). 


SbIU. 

1. 

a. 

a. 

4. 

Carbonate  of  sodium        .... 

1-08 

6-23 

16-04 

23-68 

Chloride  of  sodium 

80-65 

69-97 

64-69 

41-17 

Sulphate  of  sodium 

1003 

4-70 

15-27 

17-91 

Sulphate  of  potassium 

7-47 

10-43 

traces 

trace 

Chloride  of  magnesium 

Insoluble  matters    . 

Water     .        .        . 

1-60 

8'W 

4-74 

18-00 

100-83 

99-83 

99-74 

100-76 

The  first  crystallisation  yields  about  86  to  90  per  cent.,  the  second  and  third,  96  to 
98  per  cent,  of  pure  chloride  of  potassium,  whilst  the  fourth  contains  some  sulphate  of 
•odium. 

In  France  the  varec  is  sometimes  ground,  and  tbe  lizi  nation  is  conducted  in  wooden 
tanks,  with  false  (perforated)  bottoms,  in  such  a  manner  tbat  the  chlorides  of  potassium 
and  sodium  are  first  extracted,  whilst  the  sulphate  of  potassium  is  obtained  in  the  second 
lye.  Fresh  water  or  weak  lye  is  run  on  the  fresh  kelp,  and  thence  over  kelp  which 
has  alwiady  been  treated  with  water,  &c.,  &c.,  until  the  density  reaches  1-12  to  1-16. 
These  lye<i  contain  large  quantities  of  the  chlorides  of  potassium  and  sodium,  whenas 
the  sulphate  of  potaftsium  is  present  only  in  small  proportion.  The  residne  is  now 
treated  similarly,  until  the  lyes  stand  at  1'<(6,  and  contain  principally  sulphate  of 
potiissium. 

Tbe  lye  containing  the  alkaline  chlorides,  is  concentrated  up  to  1*333 ;  and  the 
chloride  of  sodium  deposited  is  fished  out,  and  thrown  into  wooden  hoppers  above  the 
pan.  The  salt  thus  obtained  contains  chloride  und  even  sulphate  of  potassium ;  to  re- 
move these,  it  is  thrown  into  wooden  boxes  with  false  bottoms,  and  whilst  the  lye  from 
a  previous  operation  is  run  upon  it,  a  jet  of  steam  is  admitted  below  the  false  bottom; 
the  whole  mw^s  is  stirred,  allowed  to  settle,  and  the  liquor  is  drawn  oSC  This  operation 
is  repeated  until  the  solution  stands  at  1-27,  when  it  is  run  off,  and  empltrf^  as  above 
mentioned  for  another  portion  of  salt  The  potassium-salts  are  thus  almost  entirely 
removed,  and  the  pure  sodium-chloride  is  drained  and  gently  dried. 

To  separate  the  chloride  of  potassium,  the  lye,  free  from  common  aalt^  and 
standing  at  1*33,  is  drawn  into  coolers,  where  the  chloride  of  potassium  GrystalHsea  out, 
the  mother-liquor  retaining  iodide  of  potassium  in  solution. 

The  sulphate  of  potassium  is  obtained  from  the  second  washings  of  the  varee, 
as  previously  explains.  "When  the  lye  is  evaporated  in  flat  iron  pans,  the  snlphate 
separates  in  small  czystals,  which  are  drained,  washed  with  lye,  and  then  with  cold 
water. 

The  sulphate  and  chloride  of  potassium  thus  obtained  may  be  converted  into 
nitrate  by  decomposing  them  with  an  equivalent  quantity  of  nitnt«  of  sodium 
(p.  100). 

IIL  Fbom  SsA-vrATKS,  BaiNB-spsnTos,  and  Salt-bkds. 
1.  From  Sea-vjater, 
Potassium  occurs  in  sea-water  as  chloride  and  snlphate  to  the  average  amount  of 
0*257  pt.  in  1,000.    The  «xtxaclion  ot  \Yi«ae  u«^Xa  ^m««^>Ni«x«t\n&\ft«siQKcc«&t»x 
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in  the  Bonth  of  FmncA  for  the  last  ten  veiire  by  a  proc^w  derised  by  B 1 1  a  rd  depending 
iij»u  (he  natural  ndvitntngf^fi  of  the  olimftte,  namely  a  powerful  »umTnpr*(i  mm,  and  a 
ttufflcient  difference  of  temperature  between  day  and  niffht.  The  f^ca-watc-r  »  first  left  to 
evRjionite  Uurin>^  the  summer,  iu  shiillow  ponds  or  '* sjilt-jfardenH ,"  vhereby  a  coiv 
liiiiei-ab]*-  qimutity  of  oommon  salt  ic  obtained,  mixiHl  towurdu  tli»»  lust  wilh  stuphnteol 
ningn*'flium  (w*^  S*>muM,  Cmlubidb  of).  Tbe  raotlier-Iiqoor  having  a  donsity  of  31*^  R 
in  also  pttwwil  iuto  a  series  of  Hballow  pomla,  wherchy  nnijthtT  crop  of  ciimmun  italt 
iM  obtaitirxi  during  th**  day,  and  duhn^?  the  uiiiht  n  mixture  of  pulphate  of  magneHium 
with  II  dmibb*  tiiilphat«  of  tDa^nedium  and  potus^^iiiru.  The  mot  her- liquors  from  these 
»nU»  ar**  run  into  other  pondfi,  where  another  crop  of  crystals  i«  obtained,  eoD^iiiting 
chii-fly  of  a  double  chlori'ie  of  potaasiam  and  magnesinm.  which  when  <UaiiolTed  in 
wuttT  heated  by  steam  yields  ohloride  of  jiotftssium  on  iHwding  (p.  718>. 

Themizcid  ma^euicand  potassio-mognesic  (tulplnite^  are  re^lianolvod  and  ernpomted, 
whereby  the  double  suit.  K*Mg^SK)*.6H'0,  ia  obtained,  whith  i»  iwed  in  the  raantifac- 
tiir«  of  alum,  and  for  the  production  of  carbonate  of  potassium  by  Leblane's  proecaa. 
The  mnlher-Hqaor,  containing  only  the  Epsom-salts,  is  worked  np  in  winter.     (Sea 

SCLPHATBa.) 

The  MaU'Works  of  Baymis,  covering  a  Borface  of  about  370  acrea,  yield 

2(>U,00fl  cwts.  of  common  salt. 
1,200,000  cubic  feet  of  mother-liquora  at  31°  B. 

2fl  000  ewts  of    C^^i*^"^  cwta.  of  crjAtallifled  sulphate  of  magneainm. 
'  '  It     'S  (potasaium. 

BUDmer-saiU.  ^  ^^^^^  ^^  of  double-aalta  of -J  sodium, 

(magnetnaro. 
1,400^000  cubic  fpet  of  mother-liquora  yielding  in  winter  90,000  cwts.  of 
eulph)it«  of  9o<liunL 

Th«  produce  just  described  ia,  however,  attended  with  certain  inconTeniencoa,  the 
chief  of  which  are  the  lose  of  saline  products  by  infiltrution  during  tlie  long  sojourn 
of  the  concentrated  liquids  in  the  Bait-gardens,  and  the  redilution  of  theae  liquids  by 
rain.  ThfMe  iniX)nTeuit<nces  are  entirely  obriat^  in  the  improved  process  of  M. 
Merle,  which  cuiu^iats  in  tailing  down  the  coitcenlrated  aca-viater  bjf  artificial  rrfri- 
gtration.  For  this  purpose  the  w)a-wat*r,  after  being  coucentrnted  in  the  salt-gardena 
to  124  apecitie  pravity  (28°  B.) — at  which  dejcrree  of  conc^ntnition  it  deponits  about  {ih 
of  the  Bodium-chloride  contained  iu  it — is  dilut-cd  with  nbout  10  per  cent,  of  pure  water 
(to  provtjnt  tou  rapid  de[H>9itiou  of  sodium-chloride  in  the  next  ptoge  of  the  process), 
and  passed  throupth  a  series  of  refrigerators  constructed  on  Carre's  principle  (Urat. 
iii.  9N),  in  whieh  the  sulphate  of  magnesium  and  chloride  of  «uidium  aro  oonvcrted  by 
mutual  decorapooition  into  chloride  of  magnesium  and  aulphuto  of  srKlinm,  tile  latter 
of  which  separates  out.  The  mother-liquor  still  ooniaining  a  conf^iderablo  quantity  of 
eodium-t'hlorido  is  then  run  into  boilerp,  where  it  is  boileil  down  to  1*331  specific 
.pravity  (ati"^  B.),  and  fieposits  nearly  the  whnle  nf  tho  poflium-chloride.  The  remaining 
mother-liquor  coiitaiuin^  the  chloridus  of  [K)t.assiurii  and  ma^esium,  is  paascKl  into 
aballow  cuolersi  where  it  depof^ita  magnefiio-potassic  chloride,  and  from  ibis  tbe  chloride 
of  potassium  is  extracted  by  a  process  similar  to  that  described  on  the  otat  page. 

2.  Bnne-tpnng$. 

The  pntjuth  eontuined  in  these  springs  has  not  aa  yet  been  extraetod  on  a  maaufic- 
turing  scale,  Margueritte  effects  it  by  paaainga  current  of  hydrochloric  acid  gas 
through  the  moiher-lionor  left  after  the  seiMtration  of  the  common  aalt  The  whole 
of  the  potussium^  whelfier  it  exista  in  the  solution  aa  magneaio-potasaic  chloride,  or  ms 
sulphate,  is  then  precipitated  in  the  form  of  chloride.  Tiie  pasvage  of  the  gaa  ia 
facilitated  by  keeping  the  liquid  in  cuostant  agitation  ^m-e  Ttchnoloy^,  u  [S]  £46).  The 
method  is  likewise  applicable  to  the  preparation  of  potji^aium-chlonde  from  the  mother- 
liqur>r  of  sea- wilt i<r,  balt-marshea,  && 

The  potiis-ium  tuny  also  bo  aeparated  from  such  liquids  by  taking  adrnntage  of  the 
action  of  lirae  on  aulttUate  of  magnesium,  whereby  the  latter  ^  converted  into  nearly 
insoluble  sulphate  ot  calcinm.  A  milk  of  lime  prepared  with  a  atrong  solution  of  ult 
ia  ftdded  to  the  mother-liquor  of  salt-works,  in  sufficient  quantity  to  decompose  the 
sulphate  of  magnesium.  Thewhole  is  boiled  and  allowed  to  settle;  and  thecommon  salt 
is  left  to  separate  from  the  liquor  in  the  usual  salting  pnns.  until  the  ehluride  of  pofas- 
Bium  beginB  to  appear,  when  a  sniitU  quantity  of  chloride  of  sodium  and  chlonde  of 
polassmm  cryBtrtlJisea  out  aa  the  liquor  coohi.  When  the  temperature  falls  to  UO  — 
160°  F.,  tho  liquor  ia  run  off*  into  another  cooler,  where  the  chloride  of  putaasiam 
CT^'staUiaee. 
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8.  Preparation  of  Potastium-chioride  from  the  8i^'bed$  of  SUt^fmik. 

Tlie  occurrence  of  a  deposit  of  mAgneno-potasaie  chloride  aboTo  the  rock-«alt  of  Staa- 
furth  near  MRgdebui;g,  has  been  already  mentioned  (p.  607).  The  saline  depoeity  which 
is  of  great  extent  and  thicknefls,  is  situated  partly  in  tae  Prussian  territoiy,  partly  in  the 
Duchy  of  Anhalt  To  the  north  of  the  town  of  Stassfurth,  the  saline  deposits  otcn 
lying  the  pure  rock-salt  hare  a  thickness  of  187  metres  and  may  be  divid^i  into  four 
principal  layers,  the  limits  of  which  are  however  not  very  well  defined :  1.  Immediately 
.  abore  the  pure  rock-salt  is  a  bed  107  metres  thick  composed  of  layers  of  chloride  of 
sodium  interspersed  with  thin  reins  of  anhydriU,  CaSO*. — 2.  Above  this  is  a  similar 
bed  31*6  metres  thick,  in  which  the  anhydrite  is  replaced  by jpo/yAa/t^,K*Ca*Mg(SO*}* 
2H'0 :  in  this  bed  also  the  chloride  of  sodium  begins  to  be  interspersed  with  small 
quantities  of  magnesio-potassic  chloride. — 3.  Kieaeritt  bed,  28  metres  thick,  oonsisting 
of  layers  of  kieserite  MgSOVHK),  alternating  with  layers  of  magnesio-potasEic  chloride, 
the  proportion  of  kieeente  being  greatest  in  the  upper  part.  The  average  composititn 
of  this  bed  is  65  per  cent  chloride  of  sodium,  17  kieserite,  16  siagnesio-potasaie 
chloride,  and  2  anhydrite. 

4.  CarnalUte  bed.  20*5  metres  thick,  containing  large  quantities  of  eamalKte 
2KCl.MgClM2H*0,  especially  in  the  upper  part,  alternating  with  rock-ealt  and  kieser- 
ite. Its  average  composition  is  55  per  cent  camallite,  25  rock-salt,  16  kieserite,  and 
4  liydrated  chloride  of  magnesium.  It  contains  also  a  few  thin  veins  of  iatkydrite, 
GaC1^2MgC1^12HH),ofdy/c^'neorpure  chloride  ofpotassium,  and  tuben>ai ties  of  Aoroci^ 
SMgOBH)',  often  enclosing  nodules  of  camallite  or  tachydrite.  All  the  salts  com- 
posing this  bed  are  very  deliquescent 

The  composition  of  these  beds,  the  most  soluble  salts  occupying  for  the  most  part 
the  highest  positions,  leads  to  the  supposition  that  they  have  been  deposited  by  tbs 
grado^  drying  up  of  an  inland  sea  or  salt-water  lake ;  but  their  great  thickness,  and 
the  occasional  occurrence  of  veins  of  the  less  soluble  in  the  midst  of  the  more  solubla 
salts,  render  it  necessary  to  suppose  that  the  waters  of  the  lake  were  continually 
renewed,  either  by  the  products  of  the  solution  of  neighbouring  saline  deposits,  or  by 
the  waters  of  the  ocean  which  formerly  covered  the  plains  of  Northern  G^rmsny. 

The  percentage  composition  of  pure  camallite  and  that  of  two  specimens  firom  Stassfurtk 
as  determined  by  analysis — a,  by  Rammelsberg  (Pogg.  Ann.  xciv.  608);  5,  by 
O  est  en  {ibid,  xcvin.  161)— is  given  in  the  following  table;  also  the  average  composition 
of  the  "potash-salt "  supplied  to  the  watka  for  the  extraction  of  chloride  of  potassium. 

Calculated.  Analjiea*         Artnge  coa< 

,-  .w-   ■  -«    pMuioa  of 

SKCl.M8a>.13H*0    a.  *.    **  potash-aatL'* 

Chloride  of  potassium      ....     26-88        2744         24-27         16 
Chloride  of  ma^esium  .        •        •        •     84*20         3503         8098         20 

Chloride  of  sodium .     .  4*82         26 

Chloride  of  calcium .    .  2'82 

Sulphate  of  calcium  (anhydrite)      .        ...  .    .  1*05 

Sulphate  of  magnesium .     .  .     .  10 

Ferric  oxide,  &c.     .        .        •        .        ...  0*14  (       a. 

Water 38-92        37-63         86-92(       ^ 

iob-00  loooo  ioo^oo  loo 

The  preparation  of  chloride  of  potassium  from  the  "  potash-salt**  depends  up(m  the 
fuct  that  camallite  forms  only  in  solutions  containing  excess  of  chloride  of  magnesium, 
so  that  when  the  salt  is  dissolved  in  hot  water,  and  the  solution  is  left  to  cool,  no  doaUe 
salt  separates,  but  the  more  soluble  chloride  of  magnesium  remains  in  solntioai 
while  part  of  the  chloride  of  potassium  crystallises  out  The  mother- liquors  are  then 
farther  treated  for  the  recovery  of  the  remaining  quantity. 

The  "  potash-salt"  is  first  dissolved  in  cold  water :  the  solution  is  heated  by  a  steam 
pipe  conveying  steam  at  120°,  and  continually  stirred  by  revolving  arms,  to  facilitate 
solution ;  and  the  liquid,  after  standing  for  ten  hours,  is  decanted  fh>m  the  insoluble 
matter.  The  clear  solution  marking  32°  B.  is  completely  saturated  with  chloride  of 
p^tAssium  and  chloride  of  magnesium,  and  contains  also  small  quantities  of  chloride 
of  sodiumandsulphateof  magnesium.  It  is  transferred  to  aseries  of  crystalli^ng  vessels 
in  which  crystals  are  deposited  containing  from  60  to  70  per  cent,  chloride  of  potas- 
sium, a  charge  of  20,000  kilogrammes  of  "potash-salt "  yielding  from  16,000  to  17,000 
kilogrammes  of  this  impure  chloride  of  potassium.  The  crystals  are  wai<hed  with 
water  to  remove  the  adhering  mother-liquor  and  the  chl<uide  of  magnesium,  after  which 
they  contain  80  per  cent  chloride  of  potassium. 

The  mothet^hquors  together  with  the  wash-waters  are  concentrated  to  36^  B. 
Chloride  of  todiom  ia  then  de^oubed.  w^u^k  ch^ondb  <A  TSk&!^^!iM»in&.  «xA  «V^<E»vi«  «e 
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AotamiuRi  remain  in  solntion,  and  as  the  former  u  in  exMM,  the  MlaHon  on  coolinj; 
-depoHit*  crystals  o(  artificial  camalUte,  which  are  treated  in  the  same  manner  oa  the 
oritrinal  potafih-salt 

The  aalt  depositod  during  the  concentration  of  the  above  •mentioned  mothf^r-liquom 
MMilHtns  65  p«>r  cent  chloride  of  eodiam.  30  per  cent.  mngncBio-potoairic  aalnnuto, 
K'M(j-(S0*)»6H»0,  and  from  3  to  6  per  cent,  chloride  of  potaasium.  By  waaking  it 
on  clorh  filters,  about  half  the  chloride  of  potassium  is  TemoTed,  and  the  waah-iraten 
ar**  used  to  dimolrp  s  fresh  portion  of  the  "  potash-salt** 

The  mntfaer-liquors  remaining  after  the  deposition  of  the  artificial  carnallite  contain 
3()"i  per  cent  chloride  of  magaesiam,  2'6  per  cent,  sulphate  of  magnesium,  02  chloride 
of  ftndium.  2-3  chlnride  of  potassium.  They  were  formerly  thrown  away,  bat  ara  now 
used  for  the  prt'^tamtion  of  miignesi  am -salts. 

The  chloride  of  potiUMium  sent  into  the  market  from  the  Douglas  works  at  Stasafurth 
contains  8200  p^T  cent  pare  chlnride  of  potttiwiura,  1550  chloride  of  sodinm,  O'fiO 
RiiIphAte  of  potawium,  OoO  Kulphate  of  ma^ejiium  and  120  water.  The  last  of  these 
impurities  is  the  moet  injurioiia  in  the  seTenil  applications  of  the  salt 

Other  potassiam'Salts  are  also  prepared  at  Stassfurth. — I.  The  chloride  is  conterted 
intoBulphatf' by  double  deenmpasition  with  sulphate  of  magnesium;  bat  the  mode 
of  conducting  the  proceas  t»  kept  spcret. 

2.  The  sulphate  is  converted  into  carbonate  of  potassium  by  a  process  analc^ 
gous  to  that  of  I>blanc  forlhe  raauufacfuro  of  swdic  carboniite(i.  792^;  but  this  branch 
of  the  manufacture  hiu  hithf*rto  been  carried  out  only  on  a  small  scale. 

3.  .Saltpetre  i»  pn-pared  fntm  thp  chlorid**  of  potttsttium  by  doable  decflmpositioa 
with  nitrate  of  a»xlium  (see  Nithatrb*  p.  100).  (For  further  details  see  Joulin, 
Bull.  Soo.  Chim.  1865,  i.  323,  401.) 

The  reflidne  left  on  disrolTinj^  the  crude  potash-salt  in  wnt^r  (p.  718)  consists  of 
20  to  30  per  cent  kiaierite,  Mg'*SO*.H*0,  6l>  to  75  chloride  of  sodium,  and  10  to  16 
per  cent  insoluble  substiuicea.     It  is  used  for  the  nuuiufacti"^  of  sulphate  of  sodium. 

(See  SULPBATRS.) 


17.  Fkou  Felspab  iun>  otobb  Sclxcatbs. 

Faehs  was  the  first  to  attempt  the  extraction  of  potash  from  the  felspars  and  micai 
hy  calcining  them  with  lime,  and  then  liziriattng  the  &it  Numerous  proceaaes  hara 
been  publi^lied  since. 

1.  Toubtain  the  alkali  a.i  hydrate  or  carbonate  of  pot  aasium,  Lawrence  heats 
the  miueml.  throws  it  into  water,  and  grinds  it  to  a  fine  powder,  which  is  mixed  with 
dump  RiiwdiiBt,  piled  up  ia  heaps,  with  alternate  layera  of  stntw,  and  watered  now  and 
then  with  urinu  or  nther  iiitmgcnouH  liquids.  These  heaps  are  allowed  to  ferment 
during  six  months,  then  mixed  with  thick  cream  of  Hme,  and  made  into  bricks  which 
are  calcined  at  a  high  tf-mpeniture.  On  lixiviation,  the  potash  dissolTeSf  whilst  the 
silicate  of  calcium  remains  bfhind  as  residue. 

In  Hack'K  and  Meyer's  processes,  which  are  similar  to  each  other,  an  intimate  mix- 
ture of  100  pts.  of  felspar  and  from  139  to  18B  pts.  of  lime  is  heated  for  some  hour* 
at  a  ttrnp'-ruture  between  a  bright  red  and  white  heat,  then  ground  to  powder,  and  boiled 
fh»m  two  to  four  hotira  under  a  preswure  of  eight  aliuoMphrres  ;  a  caustic  lye  fipee  from 
lime  and  containing  all  the  soda  and  from  9  to  11  rvcrccut.  of  potash  (of  the  weight  of 
the  mineral)  is  thus  obtained.  This  lye  is  satumted  with  carbonic  acid  and  evaporated, 
during  which  idnmiua  and  silica  are  first  precipitated.  aStt^r  which  the  carbonata  of 
sodium  salt!*  out,  leaving  the  carbonate  of  potaaaiiim  in  solution. 

F.  O.  W^  U308  fiuor-«pitr  together  with  lime,  and  when  ths  residue  is  to  b« 
employ4'd  in  the  manufaclure  of  cement  adds  a  clay  rich  in  alumina.  The  proportion 
of  fluoride  of  calcium  he  recommendH  to  b*»  about  7  or  fi  per  cent  of  the  mixtur«>,  which 
is  then  calcined  in  a  rtverberatory  furnace  at  a  brigiit  red  heiit,  after  which  the  mam 
is  lixiriated  in  the  usual  manner:  the  liquor  i.i  boile*!  down,  freed  from  thi*  flilica 
(about  25  per  cent)  which  precipitates  on  treating  the  li{|uid  with  carbonic  acid, 
leiiving  carbonate  of  potassium  in  solution. 

2.  To  obtain  the  alkuli  as  sulphate  or  chlorids  of  potassium.  Tildimin 
mixes  2  pts.  of  felapar  (euntaining  16  per  cent,  potash)  with  1  pt.  of  lime  and  I  pt 
of  sulphate  of  cah'ium  or  barium  ;  grinds  the  whole  to  a  Anc  powder ;  and  heats  tna 
intimate  mixture  to  bright  redness  for  about  eight  hours,  without  fusion  of  Ihn  mass. 
The  Btmo^phorp  ot  the  furnace  faas  to  be  earefuUy  pn'»*irvpd  in  an  oxidi«ing  cimditinn 
bv  thpadininsiuu  of  a  sufficient  quantity  of  air.  The  mnnm  is  then  re[»^atwllj-  lixivintt-d 
with  hot  water,  and  the  solution  nf  »ulphate  of  pnt^i^sium  is  cvaporatwl  (tJio  suluhato 
of  ciiloiura  or  barium  whieh  dpposits,  being  coulintmlly  pr-mnvrd).  To  obtain  chloride 
of  potassium,  ground  potiiah'feLpar  and  Tho  chloridrt  ot'  riiht-r  Hrdium,  calcium  or  iron 

is  heated  f.'T  About  Mx  hourii  to  brigUl  redness  in  au  iruu  cylinder,  the  heat  being  so 
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reg;nlated  as  to  be  above  the  melting  point  of  the  chloride  employed,  but  htthw  that  of 
the  felspar;  the  charge  is  raked  iuto  an  iron  vessel  and  immediat<*Iy  covered,  until 

Suite  cool;  the  maets  la  then  lixiriated,  and  the  chloride  of  potassium  obtaiBedbom 
le  solution  in  the  usual  manner. 
3.  To  obtain  the  alkali  as  potash-alnm,  Sprengel mixed  the  finelj-gronnd mineral 
with  strong  aulphuric  acid  to  the  consistency  of  a  thin  paste,  and  left  it  thus  for  two 
months ;  on  lixiviating  the  raHSs  with  a  large  quantity  of  water  and  evaiKwation  a 
pure  alnm  of  the  usual  crvstalline  form  was  obtained.  Turner  employed  sulpbits 
of  potassium  instead  of  snlphnric  acid,  and  mixed  the  ground  felspar  with  its  ovn 
weight  of  the  sulphate.  This  mixture  was  thrown  on  the  white-hot,  inclined  bed  of 
a  revprbemtoiy  furnace,  and  to  the  glass,  which  forms  and  6owfl  to  the  sock  of  the 
furnace,  carbonate  of  potassium,  equal  in  weight  to  the  sulphate  used,  was  gradually 
added.  This  operation  was  repeated  until  the  sock  of  the  ftunace  was  filled  with  glasi 
On  boiling  this  glass  with  water,  two-thirds  of  the  silica  in  the  felspar,  in  Mmbinatiot 
with  part  of  the  potash,  was  dissolved,  and  a  porous  mass  was  left,  which,  when  boiled 
with  ailute  sulphuric  add  of  specific  gravity  1*20  in  leaden  pans  (160  lbs.  of  dry  add  to 
eveiy  2H6  lbs.  of  felspar),  yielded  a  solution,  which  when  concentrated,  produced  czysUli 
of  ^um.  To  obtain  carbonate  of  potassium  from  the  above  silicate  of  potasnum 
liquors,  they  are  treated  with  carbonic  acid  to  precipitate  the  silica ;  to  obtain  eanstie 
potash  the  same  liqnors  are  filtered  through  a  bed  of  lime,  which  retaina  the  ailica. 

None  of  these  processes  have  however  yet  been  carried  out  on  the  mAnulacturing  scale; 
so  that  hitherto  the  immense  stores  of  potash  in  the  alkaliferous  rocka  have  been  only 
indirectly  available  fur  the  purposes  of  industry,  namely  through  the  medium  of  plants 
which  extract  the  potash  from  the  soil.  Mr.  Ward's  process,  called  the  *'  caldfinorie 
attack,"  seems  however  to  hold  out  the  best  promise  of  soccesa.  The  addition  d 
fiuor-spar  greatly  facilitates  the  decomposition  of  the  silicate,  and  enables  it  to  be 
efl^ected  at  a  temperature  lower  than  would  be  neoaasazy  if  lime  alone  were  used; 
moreover  the  process  ^nelds  the  alkali  at  once. in  the  caustic  or  carbonated  state, 
whereas  in  most  of  the  other  processes  in  which  an  acid  material  has  been  addrd  to 
facilitate  the  decomposition,  the  alkali  has  remained  in  combination  with  the  add,  re- 
quiring a  subsequent  process  of  separation. 

V.    FOTASH    FROK    WOOI.. 

It  is  well  known  that  sheep  draw  from  the  land  on  which  they  graze  a  constdenUo 
quantity  of  potash,  which,  after  circulating  in  their  blood,  is  excreted  from  the  ddn 
with  the  sweat.  Chevreul  pointed  out  that  this  peculiar  compound,  which  Che  French 
call  '*  suint,"  forms  no  loss  than  a  third  of  raw  merino  wool,  from  which  it  may  be 
readUy  dissolved  out  by  simple  immersion  in  cold  water.  In  ordinazy  wool  it  is  Imi 
abundant,  and  according  to  MM.  Maamen6  andKogelet,  the  potassic  sudorate  or  saint 
of  ordinary  wool  forms  on  the  average  about  14  per  cent,  of  the  raw  fleece.  Thii 
compound  is  not  a  soap,  as  was  formerly  supposed,  the  greaae  of  the  wool  (kbout  8^  per 
cent)  being  in  fact  combined  with  earthy  matter,  chieBy  lime,  as  an  insoluble  soajL 
The  soluble  sudorate  is,  according  to  Maumen^  and  Re-let,  the  potassium-salt  of  a 
peculiar  animal  acid  containing  nitrc^en. 

Maumen^  and  Bogelet  recover  the  potash  from  this  compound  on  a  manufacturing 
scale.  The  wool  is  placed  in  casks,  pressed  dovn  as  mucli  as  possible,  and  cold  water 
is  {)Oured  over  it  No  greasy  particles  escape  with  the  brown  solution,  and  all  sand, 
&c,  is  retained  by  the  wool,  which  acta  like  a  filter.  The  solutions  (of  specific  grarity 
I'lO)  are  boiled  down  to  dryness;  the  sudorate,  which  has  the  appearance  of  baked 
molasses,  is  broken  into  lumps  and  calcined  in  retorts.  The  residue  is  lixiviated,  and 
the  liquors  boiled  up  to  30°  and  even  50°  B.  The  chloride  and  sulphate  of  potassium 
crystaJlise  out  on  cooling,  and  the  mother-liquor,  when  boiled  down  to  dryness,  yields 
carbonate  of  potassium,  free  from  soda. 

The  production  is  generally  140  to  180  lbs.  of  dry  sudorate  of  potassium,  or  70  to  90 
lbs.  of  pure  carbonate,  and  6  to  6  lbs.  of  sulphate  and  chloride  of  potassium  ham 
every  1,000  lbs.  of  raw  wool.  (See  Hoimann^B  Report  on  ike  Chemical  I^vduet*  m 
the  Intimational  Exhibitum  of  1862,  p.  42.)  T.  R 

VOTATO.  Solanum  tuberosum. — ^Potatoes  (the  tubers)  contain,  according  to 
Henneberg,  Ann.  Ch.  Fharm.  Ixix.  336),  0*S4  per  cent  nitrogen, and 75'80 percent 
water.  A  white  variety  analysed  by  Orouven  (Jahresb.  1867,  p.  520)  ezhilnted  the 
following  composition :  a,  when  grown  with  mineral  manure;  b,  with  manure  zidi  in 
nitrogen. 


Water. 

Stsfcb* 

Protein 
labttaooe. 

Gmn, 
Dextrtn. 

Suftr. 

Fat 

ExtracHn 
BMiter, 

Genu. 

Aik. 

a. 

76-40 

14*91 

2-17 

2-34 

016 

0-29 

1-70 

0-99 

i-oo 

K 

76-20 

16-58 

3-60 

1-29 

Ml 

0*31 

1-99 

103 

0-90 
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Aeeoiding  to  J.  J.  Pohl  (Wien.  Akad.  Baf.  viii.  42 ;  Jahresb.  1852.  p.  811),  t)w 
peroentagB  of  dry  labrtance  and  of  starch  in  potatoos  Tmries  with  their  specific  grari^ 
M  follows : — 


Spadfic 

Dnr  lubiUiice 
In  100  pU. 

Stiircli  Id 

gnwitf. 

100  ptt. 

1-090 

3S-84 

1638 

1-091 

34-09 

16-81 

1-093 

24-67 

1711 

1*094 

24-98 

17-53 

1099 

25-93 

18-43 

MOl 

26*45 

18-98 

Spsdfle 
grivlty. 
1106 
1-107 
1108 
1-110 
1-116 
1123 


Dryiubftance 
In  100  |4s. 
2754 
27*97 
28*10 
28*99 
29-50 
31-64 


SUrch  tB 
100  pu. 
2005 
20-45 
30-69 
21*83 
21*95 
24-14 


SwalsoLadersdorff  (DingLpol.  J.  IxT.  48),  andVoD  'Bluing  {Gakrunffschenue, 
ii  54,  and  SnppL,  p.  48 ;  also  A.  Vogel  (Chem.  Centr.  1862,  p.  834). 

A  ready  metnod  of  determining  the  average  specific  gravity  of  a  sample  of  potatoes 
is  to  throw  a  number  of  them  (6— 12)  into  a  strong  eolation  of  common  salt,  and  dilate 
the  liquid  with  water  till  some  of  them  sink  in  it,  while  others  float.  The  dilute  salt- 
solution  has  then  the  mean  specific  gravity  of  the  sample^  which  may  accordingly  be 
determined  by  the  hydrometer.  (Fresenius  and  fr.  Schulse,  J.  pr.  Chem.  li. 
436.) 

On  the  nutritive  value  of  potatoes,  as  compared  with  the  tubers  of  other  plants,  see 
I.  350,  844  ;  iL  710. 


Ask  of^tato-tuberi  (T. , 

h  Herapath,  Chem.  Soc  Qu.  J.  ii.  4). 

-White 
•ppU.- 

"PHoce'i 
b«aty.- 

**Axbri«lce 

"MMfto.- 

"SS!«- 

Ash  in  100  pti.  of  the  plant|^^ 

1-30 

4-83 

1*06 
3-63 

1*27 
4-36 

1-09 
3-46 

0-83 
8-97 

Ash-constituenta : 
A.  Soluble: 

Carbonic  anhydride   . 

21-06 

16-67 

21-40 

18-16 

13-33 

Sulphuric  anhydride  . 

277 

4-94 

3-24 

6*60 

6-78 

Phosphoric  anhydride 

5*72 

8-92 

3-77 

6-67 

11-43 

Potash 

58-47 

64-17 

6661 

66'73 

63-03 

Soda 

trace 

trace 

trace 

trace 

trace 

Chloride  of  sodium    . 

trace 

trace 

trace 

trace 

209 

B.  Insoluble: 

Calcic  carbonate 

0-84 

205 

3-02 

1-95 

2-29 

Magnesic  carbonate  . 

3-53 

0-27 

1-26 

2-86 

0-67 

Calcic  sulphate .... 

trace 

trace 

012 

trace 

trace 

Tricahac  phosphate   . 
Basic  ferric  phosphaU 

3-36 

0-63 

3-83 

5-37 

2-86 

9-25 

trace 

12-30 

trace 

7-66 
0-06 

3-54 
trace 

7-62 
trace 

Silica        .       .       .       .       . 
Sduble  in  water,  per  cent 

trace 

trace 

0-12 

trace 

trace 

10000 

10000 

99-98 

99-68 

100-00 

8302 

84-70 

8402 

8616 

86-66 

Instauble 

16-98 

15-30 

15*96 

13-42 

13-34 

See  also  analyses  by  O.  F.  Wall  (Jahresb.  1860,  Table  C.  to  p.  661).  For  a  com- 

Sarison  of  the  ash  of  healthy  and  diseased  potatoes :  Griepenkerl  (Ann.  Ch.Pharm 
dx.  354;  Jahrc«b.  1849,  p.  685);  also  G.  Kemp  (Chem.  Gas.  1847,  pp.  69). 
The  foUowing  table  exhibits  the  amount  and  compoeition  of  the  ash  of  the  stems  and 
tubersof  the  potato,  as  determined  by  Way  and  Ogst on  (Journal  of  the  Royal  Agri- 
cultural Society,  xi.  [2]  529 ;  Jahresb.  1860,  Table  C  to  p.  661);  also  of  the  tubers  by 
J.  Moser  (J.  pr.  Chem.  Izi.  321;  Jahresb.  1853,  p.  580),  and  by  Sohulz-Fleeth 
(Pogg.  Ann.  x(ai.  266 ;  Jahresb.  1 864,  p.  665) ;  also  by  the  latter,  of  the  peel  cut  from 
boiled  potatoes ;  of  the  residue  (impure  cellulose)  obtained  by  washing  the  finely-ground 
potatoes  on  a  sieve  with  water ;  and  of  the  dried  juice  obtained  by  washing  the  ground 
tubers  with  water,  filtaring  quickly,  heating  the  liquid  to  coagulate  the  albumin, 
separating  the  clear  juice  therefrom,  and  evaporating. 
Vol.  IV.  3  A 
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POTATO-FAr— POWDER  OF  ALGAROTH.    723 

From  experiments  made  by  Niigeli  and  /ul  lor  on  the  growth  of  potdtoe*,  Li«bi^ 
(Ann.  Cb.  rbarm.  cxxix.  2B7)  conclndes  that  in  a  K»il  eontainiag  theavem^  amount  of 
nitrogen,  ammonia  may  bo  (iiAp«ns*Hl  with  aa  a  coastituent  of  ue  monQre  for  polaloes, 
vithont  impairing  thft  crop  ;  thai  for  a  aoil  rich  in  potaah,  the  addition  of  phoiiphati>jt 
18  absolately  n^cesitAry,  and  in  a  eoil  poor  in  poUun  (but  containing  a  sufficiency  of 
pboffpboric  acid)  the  addition  of  wood-aah  is  e^flentiol  in  order  to  ensure  an  iocrraaed 
production  of  the  tubers.  Theae  experiments  alao  showed  that  when  potatoes  am  grown 
under  otberwino  equal  circumfltajices,  in  pt'ut,  either  in  ita  natnnil  atate  or  manurtHl 
with  pboaphoric  acid  and  Ammonia,  twu-thinls  of  thorn  became  patrid,  whereas 
those  grown  in  peat  mixed  with  alkaline  ph'>Hphatea,  carbonate  of  potassimo,  and 
giypsnm  were  perfectly  free  from  diseaae- 

The  juice  of  potatoes  contains  asparagin  and  malic  acid  (Hiraeb,  Ann.  Ck.  Fliann. 
li.  246  ;  Ludwiff,  Arcfi.  Pharra.  [2]  crii.  W;  Jiibreab.  1861,  p.  740).  The  aqueoua 
extract  of  the  lubera  contains  a  glurtwido  hoIdIiIo  in  alcohol.     (Lndwig.) 

On  the  potato  disease,  see  Jal^b.  )S'17— 4$,  p.  IIOA;  1849,  p.  704 ;  IS^H),  p.  £42. 

POTATO-7AT.    Fresh  mtatoe'fl  contain,  on  the  arorage,  0'73  per  cent,  of  fat 

extractablc  by  cthor,  about  half  that  quantity,  but  of  different  constitution,  exietinfl;in 
(bo  peel.  When  the  juice  of  bruiMcl  potatoes,  from  which  the  starch  hai*  sHtled 
duwn,  ia  heatod  to  boiling,  albumin  and  fat  separate  out,  and  tho  latter  may  be 
extracted  by  ether.  Peeled  potatoes  tbus  treated,  yield  a  oompariitiTely  light -ooloureil 
solid  fat:  unpeeled  potatoes  a  dark  li<jnid  fal-  By  PTaporating  the  ethereal  Kulution, 
thprv  are  obtained  from  peeled  potatoea:  a.  White,  slender,  steUate  needlea,  which  turn 
brown  at  270°,  without  molting,  are  not  sapunifiable,  rcaemble  suberin,  and  contain, 
on  the  iiTonipe,  71  34  percent  C.  10-8  H.  and  15-68  O. 

h.  The  mother-liipor  learcs  when  evuporaied  a  yfUow  buttery  fat,  consisting  of  a 
mixture  of  fjilty  «cidM,  free  from  glyi-erides,  and  eauily  soluble  in  aqneons  carbonntp  of 
Rcidium.  This  fnt  molla  at  42"fi°,  contains  between  70'6  and  76'8  per  cent.  C,  10*7  and 
ll'T  H.  and  nltern  quickly  in  contact  with  the  air.  By  saponiftcation,  decomposition 
witli  hydrochlorit?  iicid,  and  solution  in  aqueous  iikohol,  it  yields  eryrtais  of  fatty  acids 
nieltinc;  at  52°.  On  dissolving  these  in  ulcohol,  and  mixing  the  i*olutioD  witli  a  f«roall 
quantity  of  neutral  acetate  of  lend,  thin  laminie  crj"stallii»e  oo  cooling,  from  which  an 
arid  melting  at  60°  may  be  separated.  The  mutlier-liqaor  mixed  with  a  large  ouautity 
uf  neutral  uoetuto  of  Imd,  yields  the  leai-wdf  of  tin  aeid  melting  at  5fi°  The  acid 
melting  at  60^,  'Ek'hUorri'a  fiofanf^trartc  acitf,  is  difficQlt  to  cryst&Ui'sp ;  its  silvrr-salt 
contains  61'06  per  cent.  C,  886  H,  6J»8  O,  and  3311  Ag^O,  agreeing  approximately 
with  the  formula  C"H*AgO'.  This,  or  a  similarly  constituted  add  (73'79  per  cent. 
C.  12*52  H,  and  74*63  C,  13*09  H),  ia  likewise  obtnined  by  the  distillation  of  potato- 
fat.     It  is,  according  to  Heintz,  a  mixture  of  palmitic  and  myristic  acids. 

c.  Unpeeled  potutoets  cot  in  slices,  dried  at  100°,  pulreriaed  and  exhanated  with 
alcohol,  yield,  after  evaporation  of  the  alcnhol,  an  extract,  from  which  ether  diiaoWeji 
a  brown  syrupy  fnt.  On  dissolving  thif^  in  potaah-ley,  m-fMiniting  it  out  again  with 
acid,  and  mixing  it  in  alcoholic  solution  with  ammonia  and  chloride  of  barium,  barium- 
salts  of  the  alxivi*  mentinniKl  solid  fatty  acids  are  precipitated,  while  Kichhom's  so/on- 
oMc  acid  remains  dii^Bofvcd,  itnd  may  W  ebtained  by  evaporation  as  a  viscid  luiriam- 
■alt,  from  whieh  nln>holic  hydrochloric  acid  »e{inmti"»  the  acid  still  coloured  br(»wn. 
This  Jolanolt'tc  lu-iii  ia  not  converted  into  elmdir  acid  hj  nitrous  acid,  and  ia  but  par* 
tially,  or  not  at  all,  pr^ipitated  from  its  alcoholic  iv>lution  by  alcoholic  neutral  acetate 
of  lead  It  octntra  also,  though  in  smaller  quantity,  in  the  £at  of  peeled  potatoeoL 
(Eichhorn,  Fogg.  Ann.  Ixxivii.  227.) 

VOTATO  nrSSIi-OX^     See  FrsKL-on.  (ii.  763). 

VOTBTOirx  or  Laj>ijt  nf/aris,    A  term  applied  to  the  coarser  graaolar  variatieaof 

ateatit*-,  of  dark  colour,  and  more  or  Icsa  impure. 

POTTER'S    CKAT.     Sec  Clat  (I  1034). 

POTTEST.      See    Vre's  DicHanaty   o/   ArU,   Manufacturer    and    Minra  (iSi 
48A— &0S). 
VOmrXA.    Syn.  with  Boiux. 

VOmtFRXTB.  A  blackish-red  colnarinc  matter  contained  in  the  sediment  ot 
old  winM.  Jt  is  insoluble  in  water,  solubU*  in  strong  sulphuric  acid,  and  is  pre<ripitaled 
th«refrom  on  addition  of  water;  soluble  in  160  pts.  of  alcohol  of  80  per  cent.;  leas 
soluble  in  stronger  uioobol,  quite  inaolnble  in  ether.  (Batilli  at.  Traiii  »ur  U»  Vim 
df  la  France.) 

POimkEK.     !=l<-e  Qr^rPOWDEK. 

ro-wsER  or  a^OAXOTH.     Proopitatrd  ozychloridr  of  abliiponj  (i.  327}. 
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VOXKVO&ASfA.  Pozrolana.  Purroiana, — A  volcanic  product  ooeuiring  near 
PozzuoU  between  Rome  and  Naplee;  alao  in  other  conntriei  in  the  neighbourhood  of 
extinct  Tolcanoee,  in  the  Auver^e  district  for  example.  It  u  a  grey  or  jeUowish- 
brown  maws  having  u  flne-grained  or  earthy  fractore,  and  forma  one  of  the  best 
materials  for  mixing  with  lime  for  the  preparation  of  hydraulic  mortar,  for  which  pui^ 
pose  it  was  used  by  the  Romans.  The  Italian  poczuolana  contains,  aooozdin^  to  Ber* 
thier,  44*5  per  cent,  silica,  160  alumina,  8*8  lime,  4*7  magnesia,  IS'O  feme  oxide, 
1*4  potash,  4-1  soda  and  9*5  water. 

A  leek-green  variety  of  massive  quarts. 

When  diy  roseo-cobaltic  sulphate  (L  1053)  is  slowly  heated 
to  the  melting  point  of  lead,  till  it  acquires  a  purple-lilac  colour,  the  re«idne  then 
dissolved  in  hot  water,  and  the  purple-red  solution  mixed  with  excess  of  hvdrocfalorie 
acid,  an  oranKeHioloured  precipitate  is  formed  containing  luteo-oobaltie  sulphate  and 
chloride,  while  the  supernatant  liquid  contains  Inteo-eobaltie  and  purpnreo-oobaltie 
diilorides,  togetbf^r  with  a  leek-green  crystallisable  salt,  the  base  m  which,  not  yet 
examined,  is  designated  by  Qibbs  and  Qenth  (Jahresb.  1867,  p.  237X  >■  praseo- 
eobalt. 


A  hydrous  dichroite  &om  Brikke  in  Norway  (ii  821). 

A  cupric  phosphate  ftom  Libethen  in  Hungary,  chemically  identical 
with  phosphochalcite  (p.  661).  (Church,  Chem.  Kews.  x.  217;  Jahresb.  1864, 
p.  862.) 

VBJkBOCHSOm.  A  dull  green  incmstation  consisting  of  calcic  carbonate 
coloured  by  chromic  oxide,  formed  on  the  island  of  Scyro  by  the  alteration  of  dtromie 
iron.     (Landorer,  Pana's  Mineralogy^  p.  601.) 

VUOZVXT&TB.  This  term  is  applied  to  anj  solid  matter  sepaxated  from  a 
state  of  solution  by  the  action  of  heat,  light,  or  chemical  reagents,  in  contradistinction 
to  a  deposit  or  sediment,  which  consists  of  solid  matter  merely  suspended  in  a 
liquid,  and  settling  down  when  left  at  rest  For  the  methods  of  collecting  and  washing 
precipitates,  see  Dbcaxtatioh  (it  308),  and  Filtratioh  (ii.  648). 

FSUiCXVZTATS,  IWXTSt  A  pharmaceutical  name  of  certain  ammoniaeal 
chlorides  of  mercury ;  chloride  of  mercutummonium,  Hg'H'N'Cl',  being  called  fusible 

white  precipitate,  and  chloride  of  dimercurammoninm,  tig^'NK?!*,  infusible 
white  precipitate  (iii.  916). 

FKBOSVZTATB,  StXS.     Red  oxide  of  mercury. 

VUEDAUUra.  A  kind  of  bitter  spar  mixed  with  brucite  from  Predaao  in  the 
Southern  Tyrol.  Hardness  —  6.  Specific  gravity  «  2*634.  According  to  J.  Roth 
(J.  pr.  Chem.  Iii.  346),  it  contains : 

CO*.  CaO.  MrO.         FeO*.  Al>0>.  SiO<.  H*0. 

a.  27-46         33*63         23-27  288         3-28         10*26     »     100*68 

b.  33-35        46-67         1464  0*48  6*96     »     103 

«  may  be  represented  by  the  formula  Ca"CO».MgfH«0* ;  b,  by  2Ca*C0'.Mg'HW. 
(Dana,ii.  457.) 


A  green,  ftne-scaly  micaceous  mineral  from  Pregratten  in 
the  Pusterthal.  Specific  grarity  —  2'696.  Hardness  ««  3.  Contains,  according  to 
Oellacher  (Jahresb.  1862,  p.  747),  44*66  per  cent.  SiO*,  40*41  A1»0",  1-71  K«0,  7*06 
Na,*0,  0-84 FeO,  062  CaO,  0*37  MgO,  010  Cr*0*  and  6-04  water,  whence  Oellacher 

deduces  the  formula  2   f^^  [  Si0^3(2Al'0'.3SiO>),  regarding  the  other  consdtu- 

rnts  Hs  adrentitions.  Kennfrott,  on  the  other  hand,  r^ards  the  water  as  esaentiaL 
According  to  Rammelsbei^g,  the  mineral  is  probably  identical  with  the  paragonite 
of  St  Gothard,  which  contains  4681  per  cent.  SiO',  4006  A1*0«,  with  a  trace  of  fitrric 
oxide,  0-66  MgO,  126  CaO,  0-40  Na*0,  with  a  trace  of  potash,  and  4*82  water. 

nUBSmrX.  KouphoHtv.  EdtUU.  CkUtoniie. — A  hydrated  silicate  of  ahuni- 
nium  and  calcium,  occurring  in  trimetrio  crystals,  having  the  axes  a:  b:e  ^  0*66963 
:  1  :  119035.  Angle  «F  :  ooP  =-  96°  66' ;  oP  :  Pw  »  146'*  1  If,  Ordinary  combi- 
nation odP  .  odPoo  .  odPoo  .  6f^oo  .  oF ;  also  with  6P,  2P,  {Pa  and  ^P«e .  Gleavaga 
basal,  distinct.  The  mineral  occurs  also  reniform,  globular,  and  stalaetitic  with  a  crr^ 
tulline  sur&oe,  imperfectly  columnar  or  lamellar  structure,  and  strongly  eoliflmfit;  ako 
compact  granular  or  impalpable.  Hardness  n  6  to  6*6.  Speciflo  giavitj  »  S*8  to 
2*953.  Lustre  vitreous,  pearly  on  the  basal  fkcejt.  Colour  bght-green,  paanng  into 
white  and  grey,  often  fading  on  exposure;  streak  uncolooreo.      ^btnaspanat  to 
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■ubtranslucent.  Fracture  uneven.  Somewhat  brittle.  Fjrroelectric;  It  Rivfls  off 
water  when  heated  and  melts  before  the  blowpipe  to  a  white  or  yellowish  glass. 
Many  varieties  (koupholite)  bUcken  when  heated^  and  giveoff  anempvreimiatiooaonr, 
but  ultimately  bum  white.  It  is  slowly  attacked  by  hydrochlorio  acia,  bat  gelatimsef 
easily  therewith  if  previously  ignited  or  fused. 

Analyses.— a.  From  South  AfHca  (Klaproth,  Bamindsber^9  MinertUcAmtie,  p. 
782).—^.  From  Mont  BUnc:  KoupkoliU  (Walmstedt^  Bers.  Jahresb.  t.  217).— 
c  Boorg  d'Oisans  in  Bauphiny  (Regnaali  Ann.  Kin.  [8]  xiv.  164). — d.  Dombarton 
near  GUsgow  (Walmstedt).— f.  Edelfors  in  Smftland:  JStf^t^  (Walmstedt). — 
/.  Radauthal  in  the  Harz ;  ingabbro  (Amelun^,  Pogg.  Ann.  Ixviii.  612).—^.  Rxodea 
los  Cipresee,  Chile  (Domeyko,Ann.  Hin.  [4]  uc  3). — A.  Kiederkirchen,  in  Rhenish 
Bavaria:  in  the  form  of  analcime  (O.  Leonhard,  Fosg.  Ann.  liv.  479). — f.  From  the 
same  locality,  in  the  form  of  laamontite  (Blum*s  Lsonhardite)  (Leonhard): 
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Silica.       .       .       . 
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44-80 
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19«) 

18*06 
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4-61 

0-74 
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46 

0-04 
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Maoganoui  oxide     . 

0>I9 

. 

.    . 

0*16 

Lime         .       .       . 

.    18*38 

3ft'41 

2347 

36*43 

26-28 

2706 

2&-0 

2I-S7 

2t-3f 

Potaih       .       .       . 

.     , 

.     . 

,     , 

002 

Oi» 

SfKU  .... 

.     . 

,    . 

,     . 

.     . 

.     . 

im 

Water        .       .       . 

.      1-83 

4*45 

4-44 

4*18 

4*43 

4-13 

5-3 

500 

6-00 

97*08      100>14      100'46 


9-71      100-00      102-40      100-1      10063      10O'S4 


These  analyses,  neglecting  the  first,  agree  nearly  with  the  formula  2(Ca"O.SiO*). 
APO'.SiO'.UK),  which  requires  44*28  per  cent  silica,  24*60  alumina,  2682  lime  and 
4*30  water. 

Frehnite  occurs  in  granite,  gneiss,  and  trap-rock,  especially  in  the  last.  It  was 
first  found  at  the  Cape  of  Good  Hope  by  Colonel  Frehn.  Handsome  polished  slabs  of 
it  have  been  cut  from  masses  imported  from  China.  It  some^mes  occurs  altered  to 
green  earth  and  felspar.     (Dana,  it.  814.) 

yH  BH  W  ITon>.  A  mineral  externally  resembling  prehnite,  occurring  in  the 
hornblende  rock  between  Kingsberg  and  the  Solberg  in  Sweden.  It  melts  before  the 
blowpipe  to  a  white  enamel,  and  is  easily  attacked  by  acids.  Contains,  according  to 
Blomstrand  (J.  pr.  Chem.  Ixvi.  157),  66*00  per  cent  silica,  22*45  alumina.  1  01 
ferrous  oxide,  0*18  manganous  oxide,  7*79  lime,  0*36  magnesia,  10-07  soda,  0*46  pot^hh 
and  1-04  water  (»  99*36). 

TMXMJTLA.  The  ash  of  the  several  parts  of  Primula  farinosa,  gathered  near 
Ansbaeh  in  the  summer  of  1863,  has  been  analysed  under  Wittstein'B  directions 
(Ann.  Ch.  Pharm.  cviii.  203),  with  the  following  results : 


RooU. 

Learet. 

SUlki. 

Flower. 

beads. 

Entire     | 

plant.     1 

1 

Ash  per  cent  in  the  substance 
dried  at  100*>  . 

Composition  of  the  aah: — 

10-06 

13-88 

7-79 

7-00 

8-61    1 

Potash 

213 

1710 

26-68 

27*30 

22*24 

Soda 

17-86 

7-41 

6-86 

3-90 

7-68 

Lime 

21-90 

21*84 

17-86 

11-94 

17-94 

Magnesia         .        .        .        . 

4*06 

10*46 
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8*71 

8-21 

Alumina          .... 

1*62 

0-96 

0-64 

1-16 

0-83 

Ferric  oxide     .        .        .        . 
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0-85 

018 

0-64 

0-43 

Hanganoso-maoganic  oxide 

1-92 

, 

•    • 

•    • 

0-20 

Chlorine 

3-03 

9*33 

9*12 

6*29 

799 

Sulphuric  anhydride 

2-28 

6-01 

1-31 

6-46 

2*77 

Phosphoric      „ 

3-28 

8-78 

6*68 

8-41 

698 

Silicic 

2-68 

8*06 

611 

10*79 

8*64 

Carbonic         „               • 

16'84 

16-22 

18-27 

16-61 

17-09 

10000 

10000 

10000 

100-00 

10000 

The  composition  of  the  ash  of  the  entire  plant  was  calculated  from  that  of  the  sevenl 
parts. 

razaHnruw.  A  cxystalUsable  substance  obtained  from  the  root  of  the  covslify 
Primula  vcrU.    (Hiinefcldt,  J.  pr.  Chcm.  viL  68.) 
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■ubtranslucent.  Fracture  uneven.  Somewhat  briltle.  Pyroelectric.  It  eivMi  off 
irat«r  wh^n  healed  and  molts  before  the  blowpipe  to  a  white  or  yellowiab  glara. 
Many  varietipfl  (koupholite)  blacken  when  heated,  and  giveoff  anempyreamatict^onr, 
but  ultimately  bom  white.  It  ia  alowly  attaeked  by  hydrochlorio  acia,  bat  gektiniset 
easily  therewith  if  previously  ij^nited  or  fused. 

Anaiy9f«,—a,  From  South  Africa  (Klaproth,  Bammtisber^t  MineraUkemU,  p. 
782J.— 6.  From  Mont  Blane:  Koupholite  (Walmatedt,  Berx.  Jahresb.  v.  217).— 
c.  Bourjj  d'Oisana  in  Dauphiny  (Regnault,  Ann.  Min.  [3]  xiv.  164). — d.  Dumbarton 
near  GUj'cow  (Wnlmstedl).— *■.  Edelfors  in  Smtland:  Eddite  (Walmstedt). — 
/.  Radaulhal  in  tht.  Harz ;  inpubbro  (Amelnng,  Pogg.  Ann.  Ixviii.  612).--^.  Riodea 
loB  Cipreaes,  Chile  (Domeyko.  Ann.  Min.  U]  ix.  3). — k  Niederkiroh^n,  in  Rhenish 
Bararia:  in  the  form  of  analcime  (G.  Leo nhard,  Pogg.  Ami,  lir.  479).— «'.  From  the 
same  locality,  in  the  form  of  laumontite  (Blum's  Leonharditt)  (Leonhard): 
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)7t       tOOOO      ltn-40      100]       100-61       100>M 


These  anBlysen,  neglecting  the  first,  agree  nearly  with  the  formula  2(Ca"O.SiO"). 
AI=0'.SiO»H'0,  which  requires  44-28  per  cent- silica,  2460  alumina,  26-82  lime  and 
4-30  water. 

Prehnite  occurs  in  granite,  frneiss  and  trap-rock,  especially  in  the  last  It  wa.« 
first  found  at  the  Cape  of  Good  ilope  by  Colonel  Frehn.  Handsome  polished  sUbs  of 
it  have  been  cat  from  maitsps  imported  from  China.  It  sometimes  occmrs  altered  to 
grt-en  purth  iind  felspar.     (Dana,  ii.  314.) 

P&ZIHSrXTOKI>.  A  mineral  extemnlly  resembliog  prehnite,  occurring  in  the 
horublende  rook  betwcon  King^^bei^  aud  the  Solberg  in  Sweden.  It  mclta  K-fore  the 
blowpipe  to  a  white  enamf^lr  and  is  easily  attacked  by  acids.  Contains,  according  to 
Hlomstrand  (J.  pr.  Cbem.  Ixvi.  167).  6600  per  cent  silica.  22*45  aiuminx.  101 
ferrntiH  oxide,  018  manfranous  oxide,  7*79  lime,  0*36  magnesia,  1007  soda,  046  potjish 
and  104  water  (=  99-38). 

PKlMUlfA.  The  Rsh  of  the  several  parts  of  Primufa  faritiMa,  gathen*d  near 
An.fbitcb  in  the  summer  of  1863,  has  been  aoalysed  ondor  Wittstein's  directions 
{AotL  Ch.  Pharm.  cviii.  203),  with  the  following  results: 
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hCMli. 

Cnih-e     1 

1 

Asli  per    cent,  ia  the  substance 
Jriid  at  100°  . 

Composition  of  the  ash :-» 

Put^Mh 

Soda 

Limo 

Miigni^fliii         .        ,        .        . 
Alumina           .         .         .         . 
Ferric  oxide     .... 
ManganoBo-manganic  oxids 
Chlorine  ..... 
Sulphuric  anhydride 
Pboepbom      „ 
Silicic               „ 
Carbonic          ^ 

1006 

13-8B 

7-79 

7-00 

8-61 

213 

17  86 

21*90 

4-06 

1-62 

1-06 

1*92 

303 

228 

3-28 

2-53 

1634 

1710 
7-41 

21-84 
10-46 
0-96 
0-86 

9-33 
6*01 
3-7fi 

16-22 

26-63 
6-86 

17*36 
S'OO 
0*64 
0-13 

fl'12 
1-31 
6*68 
611 

18-27 

27-30 
3-90 

11  04 
8-71 
116 
0^64 

'6-20 

6-46 

8-41 

10-79 

1661 

22-24 
7-68 

17-94 
8-21 
0-83 
0*43 
0-20 
7-99 
2-77 
698 
8-64 

1T09 

100*00 

lOO-OO 

lontH) 

100-00 

10000 

The  composition  of  the  ash  of  the  eotii«  plant  vasciilculoted  from  that  of  the  sevenl 
parts. 


A  ciystaUisable  substance  obtained  from  the  root  of  the  cowslips 
Primula  vcrii.     (Hfincfcldt,  J,  pr,  Chem.  viL  68.) 
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PRINTING,   CHEMICAL. 

&.    An  alio;  of  eopt>er  and  one  (ii  47). 


Uoder  tluB  liead  we  shall  tnat   oi   eertaio 

modM  of  printing  depending  on  chemica)  action,  namely  Iithog;r^hic  and  lineographic 
printing. 

UU&offravlijr  (from  xi«af  and  ypdftm)  is  the  ait  of  drawing  on  atone;  and  litho- 
graphic printing  is  the  taking  of  impreMOfnis  from  suctx  drawing.  Its  inrention  is  dne 
to  Alois  Sennefelder,  wb>  was  iM>m  at  Pngne  in  1772,  bat  practised  his  art  chieflj 
in  Munich. 

The  stone  nsed  in  Hthographj  is  a  flne-gmined  limestone  containing  about  97  p<tr 
cent,  of  calde  carbonate,  with  small  qnancities  of  silica,  alumina,  and  oxide  of  iron. 
These  stones  are  found  in  considerable  quantity  along  the  banks  of  the  Danube,  near 
Fsppenheim ;  the  best  qoalitiee  are  procured  from  the  quarry  of  Bolenhofen.  They  re- 
semble in  their  aspect  the  yeUowish- white  lias  of  Bath;  ihtj  should  be  free  from  reins, 
fibres  and  spots,  hard  enough  to  be  scratched  only  with  difficulty  by  a  steel  point,  and 
•pUnten  breaking  from  them  should  exhibit  a  concbcSdal  fracture.  To  render  a  stone 
&  to  receire  a  dzawin&  its  sor&ce  is  ground  with  fine  sifted  sand  and  water. 

The  drawing  is  ma«  with  a  erayon  called  lithogrepkie  ckaVk,  composed  of  soap,  wax, 
and  tallow,  wiUi  a  quantity  of  lamp-black  suffident  to  giro  it  a  da»  tint.  Now  when 
traces  are  made  on  the  stone  with  this  soapy  compoond,  a  double  decomposition  appears 
to  Uke  place  between  the  oleate  and  stearate  of  sodium  in  the  soap  and  the  carbonate  of 
calcium,  resulting  in  the  formation  of  oleate  and  stearate  of  calcium  and  carbonate  of 
sodium.  The  fatty  calcium-salts  thus  produced  are  insoluble  not  only  in  water,  but 
likewise  in  oils,  bcui  fixed  and  volatile. 

The  drawing  being  comj)leted,  the  stone  is  prepared  for  printing  by  a  process  eaOed 
"  et^ihing,"  which  consists  in  fleeting  a  mixture  of  gum-arabic  and  dilute  nitric  acid 
u^n  it,  wherebr  the  portions  of  the  snrfiice  untouched  by  the  grease  become  corexed 
with  an  insoluble  compound  of  gum  and  lime.  The  action  in  this  part  of  the  process 
is  somewhat  obscure,  but  it  is  probable  that  the  nitric  acid  dissolves  the  superficial 
particles  of  the  stone,  and  the  resulting  solution  forms  with  the  gum  an  insoluble  gum- 
mate  or  metagummate  of  calcium  (ii.  954).  One  thing  is  certain,  that  the  gam  becomes 
firmly  fixed  on  the  stoue,  and  cannot  be  removed  even  by  repeated  washing  with  water. 
The  nitric  add  also  acta  npon  the  dialk  by  laying  hold  of  the  alkali,  wd  setting  the 
fifctty  adds  free. 

The  stone  thus  prepared  is  next  washed  with  water,  to  dissolve  off  the  exoeas  of 
g:um  and  the  nitrates  of  sodium  and  calcium,  and  afterwards  with  oil  of  torpentine^ 
which  removes  the  excess  of  grease  from  the  drawing  and  renders  it  nearly  invisible 
The  fatty  caldnm-salts  formed  by  the  action  of  the  soap  on  the  carbonate  of  caldum, 
are  however  insoluble  in  the  turpentine  and  remain  untouched  ;  and  on  subsequently 
wetting  the  sur£sce  of  the  stone  with  watt^r,  and  passing  over  it  a  roller  covered 
with  printing  ink,  composed  of  linseed  oil  and  lamp-black  (iii.  273),  the  ink  adhert* 
to  those  parts  of  the  surface  where  these  6stty  salts  are  situated,  while  the  remaining 
portion,  which  has  been  acted  on  by  the  ^m,  does  not  take  up  the  printing  ink,  be- 
cause the  fatty  adds  of  the  linseed  oil  are  mcapable  of  decomposing  the  compound  of 
lime  and  gum  with  which  those  portions  are  covered,  and  mechanical  adhesion  is  pre* 
vented  by  the  film  of  water  on  the  surface.  The  drawing  is  thus  brought  to  light  again 
with  all  its  original  distinctness,  and  impressions  of  it  may  then  be  taken  off  on  papor 
by  passing  the  stone  under  a  press. 

This  view  of  the  litho^phic  process  represents  it  as  depending  altogether  on  a  seri«« 
of  chemical  sctions.  It  is,  Dowevar,  more  commonly  supposed  that  the  utty  matter  of  the 
lithographic  dialk  simply  adherceto,  or  is  partly  absorbed  by,  the  porous  surfiaoe  of  the 
limestone ;  that  the  parts  thus  penetrated  readily  take  up  the  printing  ink ;  and  that  the 
adhesion  of  the  ink  to  the  other  portions  of  the  soif  ace  is  prevented  by  the  tnteiposition  of 
a  film  uf  water.  But  if  this  explanation  were  correct,  a  plate  of  alabaster,  or  sandstone, 
or  porous  earthenware,  or  any  other  stone  capable  of  receiving  a  granular  sor&ee,  oug^ 
to  be  availablA  for  lithography  as  well  as  limestone,  whereas  it  is  well  known  thst 
carbonate  of  caldum  is  the  oiuy  kind  of  stone  that  will  answer  the  purpose :  motaovsr, 
the  mechanical  Uieory  of  lithography  takes  no  account  of  the  peculiar  action  of  the 
gum,  which  appears  to  be  an  essential  feature  of  the  process. 

Any  kind  of  fine-grained  limestone  may  be  used  for  lithography ;  marble  will  yield 
impressions  when  treated  as  above ;  but  its  crystalline  structure  prevents  it  finxn 
taking  the  proper  grain.  The  preference  gii^n  to  the  stones  of  Solenhofen  and 
the  neighbouring  looalitiea  is  owmg  to  the  closeness  of  their  texture  and  to  their 
occurrence  in  slabs  of  every  required  thickness  parted  by  regular  seams,  which 
gendera  the  qnairyipg  r nfUfan f  ivaly  easy :  stones  requiring  to  be  sawn  into  slab*  would 
be  too  expensive. 


I 


'    Wc  nov  proceed  to  give  a  ttbort  aocouut  of  th«  variotu  metiiodii  of  writing  or  drmw' 
tng  upon  stone  iot^ndej  to  print  from. 

Chalk  drawingB  are  executeti  on  a  Btooe  to  which  a  griuittlar  soifAce  ban  been 
given  wilii  A  solid  pencil  (lithographic  chnUc).  the  active  part  of  which  coiuiata,  na 
ab^Andjr  mi^ntioned.  of  greiis**,  or  oloic  and  stearic  aoida.  Thifi  chalk  can  bo  modified  from 
hard  to  soft  in  different  dcgrers,  to  nllow  of  its  bring  cut  to  a  fine  point,  or  in  the 
aofter  state,  to  be  iuit>d  with  cloth  or  leather  stumps;  it  may  also  be  dissolved  in  opirtta 
of  tai^ntine  or  alcohol,  and  applifd  t/>  the  atone  with  a  brush. 

Lithographic  inki»  but  a  modification  of  the  chalk,  made  to  flow  more  easiljr 
when  disralved  in  witt«r,  b<-iog  intrmded  to  be  used  with  fine  auwl  pens  or  fine  aabli* 
brushes,  that  will  draw  a  huir  line.  In  a  pen  and  ink  drawing  thette  line*  most  be  solid, 
that  is  drawn  with  the  ink  in  its  fullest  density  oonsistenl  with  freely  fiowine  from 
the  pen;  tb<>  aauie  with  tht>  fine  bru-sh.  The  ink  can  also  be  disaolred  in  diifm-nl 
degrees  of  density  to  produce  with  liuruor  brashes,  ligbter  or  darker  washes  or  tints. 

The  Holid  chalk  or  liquid  ink  may  nlito  bf>  pasted  over  the  whole  soHace  of  a  stone, 
MO  AB  to  render  t-very  purt  nltmctirc  for  printing  ink,  and  the  drawing  is  tJicn  workod 
out  from  the  black  by  tf  nioving  the  chalk  or  ink  with  a  sluu^  potot  that  will  make 
white  iiui's  ^cixpueing  the  Htone),  or  with  a  flat  scraper,  which  on  a  grained  surface  will 
pi'udm'e  a  gradation  of  tinta. 

Engraving  on  stone. — The  stone  when  polished  is  first  rendervd  DOn-attraotiro  fur 
grease,  by  pi^pahng  the  surface  with  a  solution  of  gum  uud  nitric  acid,  and  when  it 
is  dry,  the  lines  ore  cut  through  this  prfjmnitioii  with  a  sharp  nerdio  or  diamond 
(v)int,  whereby  the  naturul  stouo  is  exposed  ;  oil  or  otln-r  fat  i«  ihrn  made  to  enter  the 
cut,  rendering  the  Unc  utlractive  for  ihe  printing  ink,  whereas  it  can  be  wiped  ofi'from 
iha  ri'st  of  the  surface.  The  stone  can  also  be  drawn  upon  with  ii  solution  of  gum  and 
uciti  to  which  some  celuuring  mutter  has  been  added,  to  enuble  the  dranght^Dmn  to 
jiitlgc  of  the  efiect.  Wlten  the  drawing  is  dry,  liquid  ink  or  clmlk  is  paaHxl  uvcr  it, 
which  will  render  the  parts  of  the  surface  not  covered  by  the  gum  attractive  for  the 
printing  ink. 

These  ejiAraplcs  will  ahow  in  how  many  difTeroct  ways  futty  matter  und  gum  r«n 
he  made  to  combine  with  the  lime  of  the  stone,  and  how  the  litliogrHpliic  prtM  f««  can 
be  varied.  It  is  to  these  peculiar  advantages  that  Sennefcldfr's  invfiitinn  ov*'S  \t<% 
wide-spread  application,  bota  for  commercial  purposes  and  us  one  of  the  handmaids 
of  the  fine  arta. 

Comptmtion  cf  Litho^aphic  Chalk. 

32  parts  of  BeefiWHX. 

4       „        Tallow  (ptirified). 
24       „        Soap. 

1       .,        Nitrate  of  potassiuic,  diasolved  iu 

8        „         Water. 

6       „        Lamp-bUck. 

C&rupojiitioH  of  Litkc^rapAk  Ink : 


for  Pens. 


32  parts  of  Bpea^-ax. 


18 

10 

32 

4 

8 
fl 


T;illow  (purified). 

Soap  (Marseilles). 

Shellac. 

Oarbonate  of    sodinm,* 

solved  in 
Water. 
Lamp-black. 


dia- 


/or  Bruik. 

16  parts  of  Bcjowax. 

16 

16 

16 

4 

4 


T  dlow  (purified). 

f»ap. 

Nhellae. 

Mastic. 

Carbonate     of      aodium,   die- 
solved  in 

Water, 

Lamp-black. 

Vermanent  Liquid  Ink  for  Autographic  writing:  b  jts.  of  aoap.  8  ma«tic.  10  shellac, 
I  rosin,  1  lamp-black,  3  carbonate  of  aodinm  (rendei^d  caumic  and  dissolrod  in  A  pta. 
water).  Dissolve  the  whole  in  Id  pts,  water,  adding  more  water  if  necessary  to  make 
the  ink  llow  t^a^ily.  Autographic  drawing  or  writing  is  executed  on  a  prepeired  pepcr 
and  then  transfrrriHl  to  the  dtono. 

Cbi-omoUtliogTapltr.  Drawing  and  printing  in  colours  fVom  atone.  In  this  ap- 
plicHtion  of  thn  art,  the  platen  of  limestone  offer  p*ridiar  adrmilaces,  esperinlly  for  the 
repruduclion  of  the  painter's  work,  as  the  various  mod>-N  in  which  the  dniwing  mate- 
rials, as  chiilk,  ink,  gum,  &c.,  can  be  applied  to  the  eurfnce  <if  the  stone  enable  the 
lithogmpher  to  approach  very  closely  the  eflect  and  hiuidlio;;  of  a  peintilkg  in  oil  or 
water  ooluur. 

•  Or  bitter,  the  ucnr  quantity  ctxivtrted  Into  t  .tMtic  kmU. 
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PROFALANINE— FBOPARGTLIC  ETHER. 


Far  the  prodiictkin  at  a  duomolithograph,  a  ■neeewion  of  imppwilom  is  ftppHed 
to  «  aheet  <»  plate-PH>er  Cram  a  namber  of  atonM  oo  wfaidi  are  Srswn  in  analTiu,  as 
nearly  aa  pomble,  &e  Tarions  eolonra  and  tones  of  the  orisinal  of  vhich  the  einomo- 
Uthograph  is  intended  to  be  a  oovf.  One  of  the  great  cuAcalties  of  the  proecas  is 
that  neariy  ererTthing  has  to  be  mwn  with  the  cndinary  w^wnaceoaa  bUtek  ehaDc 
and  ink. 

To  oop7  a  pictore  or  diawii^  and  to  make  all  the  diflbnot  eotonn  eoRespood,  a 
careliil  tracing  is  made  with  Uthogr^hic  ink  npon  trannareot  transfer  pi^MT,  or  iqK« 
a  sbeetof  gelatin ;  this  tracing  is  transferred  to  a  stoM  eaUed  the  *'  keystoDe,"  and  from 
this  stone  impressions  are  taken  whtth  are  set  off  in  the  press  on  as  many  stones  ss 
will  be  reqnind,  the  number  Tszying  according  to  the  snWeet,  twenty  wd  ereo  thirty 
being  foond  acunetiDlea  ne<»isssiy  to  prodnee  the  proper  emet  The  printii^  in  eoloais 
is  effiscted  in  the  same  manner,  anddependa  on  the  same  prtndples,  as  the  prodoetion 
of  a  black  Uthogrsjph.  the  Tarions  pigments  being  groond  np  with  tUi^ened  tiiwond 
oil.  and  the  revolbng  oQ-ooloor  sporead  erenly  npon  the  leathern  roUoa  with  wUdi 
the  drawing  upon  the  stone  has  to  be  eharged.  To  seenre  an  exact  a^jvtment  of  all 
the  ooloiirs,  the  ttone  to  print  from  and  the  aheet  of  p^ter  to  print  npon,  are  aommtdy 
and  seenrB^  fixed  into  a  repstering  frame  irtiidt  forms  part  of  the  press. 

TlneoftrnpHj.  Fattf  snbstancea  act  npon  sine  and  other  easily  ozidable  meCak 
mnch  in  the  sune  manner  as  npon  UmMtone,  fiaming  salts  which  sre  inaolnble  in 
water.  A  drawing  may  be  made  oa  a  sine  plate  with  the  same  chalk  or  ink  tb^  ia 
used  for  drawing  on  stone,  and  the  remaining  parts  of  the  sorfece  may  be  miderad 
non-attractire  for  printing  ink  inanmilar  manner,  excepting  that  the  solution  of  nitrie 
acid  and  gnm  nsea  for  the  porpose  mnst  be  nixxied  with  a  concentrated  deeoedon  of 
nntgalls.  When  the  plate  nas  been  corerrd  for  a  abort  tame  with  this  st^ntkm,  the 
puts  not  oonstitnting  tne  drawing  lose  their  metallic  hube  and  aasome  a  btown  tint^ 
and  in  that  state  are  ineapable  of  taking  np  printing  ink.  The  mode  at  printing  ia  the 
aame  as  horn  stone. 

Other  metals  gtTe  rimilar  remits  with  more  or  less  distinctnesa ;  bat  none  are 
found  to  be  so  wdl  adaptwl  for  chemical  printing  as  the  stone  pUtea  of  Solenhofen. 

X.H. 

VBOVAXJUmnk    C^BnTC  «  McOdmrnim,  C>SP(CH^O*  -  Amidobmtyne 

mc^OWiJSBrfi^m,  0rf6M(rrwmaeaa<(C*H*0r[Q.    (&  Schneider,  Ana.  Ch. 

Fharm.  BappL  iL  70;  JahrasfaL  1861,  p^  4^9.) — ^A  compound  prodoeed  l^  beating  brt>- 
mobutyrie  acid  with  aqueous  ammonia  It  crystallises  from  slcohobc  solution  ia 
atdlate  or  fiircate  groups  of  small  laminK  and  needlra,  which  when  diy,  yicU  adaaslii^ 
udiite  satiny  powder,  unctaoua  to  the  touch.  It  is  inodtntHU,  has  a  sweet  taste^  and  is 
neutral  to  Tcgetable  eolouza.  It  diaaolraa  in  about  3*5  pta.  wuter  of  medium  tempatu- 
tuTP,  is  rery  alig^y  aoluUe  in  cold  sleobd,  and  rrquires  650  pts.  even  of  boilii^  mfeo- 
hol  to  dissolTe  it ;  quite  inaduble  in  ether.  It  is  not  deeompoaad  fay  eoU  aqueous 
potash,  but  gires  df  smmonia  abundantly  when  fused  with  nydrate  at  pirfasaiam 
Whan  cautiously  heated  in  a  tube,  it  melts  and  subUmea  {mtly  undeeonpoaed ;  bat 
when  quiekly  and  atroogjly  heated,  it  tarns  brown  and  carbouses,  •■■""iitg  vapoan 
which  hare  an  alKaeeoas  odour  sad  alkaline  reaction. 

Propelanine,  like  its  bomolognes,  unites  both  with  acids  and  withbasaa.  Tlie  iyrfra 
Mfraie,  OH^O'.HCa.emtallisesin  tultsof  tpij  aoluble.  pointed  needles ;  the  a^fruft; 
C*H>NO*.HNO*.  in  fern-l&e  groups  of  riOcy  netdjea.  eaailr  soluble  in  water  and  aleohel, 
and  having  an  acid  reaction.  A  solntiou  of  S  at.  proyafanine  in  I  a&.  sulphuric  arid 
dries  np  to  a  riscid  mass;  but  with  twiee  that  proportion  of  acid,  the  meubmi  >u(phifti. 
(C*H*N0')'.H*SO*,  is  obtained  in  colourieas,  easily  soluble,  eopcenUieaDy  pomd 
needlea.— A  Uad-eompam»d^  C'H*fPb*S*0*Ja<^'0*,  is  obtained  as  a  whfte^  ctTstal&c^ 
sparingly  soluUe  powdgrj^prohmged  bofling  of  aqueous  peopalamnewith  leud«ouida. 
—The  mivti^'eomptmmd,  C*H*A^O*,  obtained  ia  like  maanar,  oyatalliBea  oa  ev^pora- 
tioa  orer  oil  of  ritriol  in  siaail  oyatala  which  an  qsicUy  tJartrmil  by  fi|^  and 


deooaapoaeat  100^. 

Schnridar  thinks  it  probable  that  propalanine  may 
asBoeistcd  with  leoctneu 


ia  tbs  aaiBBal 


Ch. 


i»Hf 


(Liebermana,  SWtarhr. 
746.)— When  tribnmide  of  eDyl  is  digested  for  aouM  ttms  with 
aleohol  dirt iUed  thereiium  yields  with  ammoniai'al  sflrer-nitrata  awhitcpteeipitau^e 

taining  ^^g^^to,  and  regarded  by  liebarmaaaaa  the  ail  lai  aallcTaa  ether  towtJA 

he  gives  the  abore  name.    The  silT«r-<om  pound  treated  with  a  sulaiiua  of  iodiae  ia 


PROPHETIN  RESIN^PROPIONIC  ACID. 
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iodide  of  potaasmni,  jlolda  an  iodat«d  oU,  r^ui  ( '^t  (rvn  whiclif  bj  addition  of  iodise 

ind  of  bromine,  the  Mmponndi,    pztr*  jO,  and     pjot     [0>  m^ j  be  obtained.     Tho 

oorrespoDdiEg  methyl-coDipoanda  are  formed  in  like  manner. 

y»0> JUTilt  -•» » WW.  A  resin  obtained  from  Cucup^t  Prophetarum,  (See 
Cdctmis,  ii.  17*2.) 

y&OPXOMAMXBB.    C*H*XO  «=  ^    j  N.— Prodncod  by  the  ution  of  am* 

monin  on  propionate  of  ethjL    It  is  deoompoMd  by  heating  with  potassiam,  yieldicj; 

ride  of  potajtsiam,  hydrc^en,  and  oarboretted  hydrogen.  By  distUUtioD  with  phoe- 
ic  anhydridft,  it  ia  coDvertcd  into  cyanide  of  ethyl  or  propionitrile,  CH'N  » 
fc'H'NO  -  UK).     (Pumas,  ftraUpnti  and  Leblanc,  Compt.  rpnd.  xir.  657.) 

Hydrochlorate  of  Propi&namidf,  C*H'N0.HC1,  is  obtained,  together  with  other  pro- 
doeta,  by  the  action  of  moist  chlorine  on  proptonitrile  (p.  736).  It  forms  colourlesa 
cryitaU  soluble  in  water  and  in  ulcobol,  tn«oIaH]e  in  anhydrous  etber.  When  heated 
on  platiaum-foil,  it  TolatilisM.  ginng  off  irritating  vapours.  With  platinic  chloride,  it 
yielde  chloroplatinate  of  ammonium.     (R,  Otto,  Bull  So&  Chim.  1866,  i.  204.) 

Dichloropropionnmide^  C'H*CI*NO. — Produced,  together  with  didiloropropio- 
nitrik,  by  the  action  of  dry  chlorine  on  propionitrilei  On  subjecting  the  resulting 
liquid  to  the  action  of  a  freezing  mixture,  the  diehlgropropionamide  soporatcs  in  crys- 
tals which  may  bo  purified  by  prejjsure  betw*n;n  bibuioua  paper,  crystallisation  from 
absolute  alcohol,  and  subbmation.  It  then  forms  light  nacreous  scales,  soluble  in  wuter, 
alcohot  and  ether,  melting  at  110*5°  and  solidifying  at  S6°.  Its  aqueous  solution  does 
not  precipitate  tiitrer-uitrate.  It  diflsolves  without  decompoflitiun  in  ammonia  and  in 
hydrochloric  acid  ;  but  on  adding  platinic  chloride  to  its  solution  in  absolute  alcohol 
aoiduiat^d  with  hydrochloric  acid,  a  precipitate  of  chloruplfttinato  of  nmmonium  ia 
furmt*^!,  containing  tho  whole  of  the  nitrogen  of  the  compound,  and  the  6ltered  liquid, 
vhirh  h&a  an  odour  of  mint,  depOMit^  oily  drops  which  solidify  to  crystals. 

When  dichloropropionamide  ia  boiled  in  water  with  mercuric  oxide,  the  latter 
dissolves,  and  the  liquid  on  cooling  deposits  tho  compound  2CH*Cl*N0.Hg*0,  in 
nodules  of  hard  whit«  neodles,  soluble  in  boiling  water  and  alcohol,  nearly  insoluble 
in  ether,  melting  between  100°  and  110^.  (Otto,  R4p.  Chim.  pure,  iii.  267;  Bull. 
Soc.  Chim.  1865,  i.  293.) 

VKOVIOWB.     OH'*0  «=    *^? I  or  ^*j  CO.— Discovered  by  Fremy  in  1835, 

and  onlleil  by  him  Mftacttont.  It  is  sometimes  called  ethyl -propionyl,  being  the 
ketone  of  propionic  acid.  It  is  formed,  together  with  oth^r  products,  when  sugar, 
starch,  gum  or  mannite  is  distilled  with  excess  of  Ume;  alao  in  the  destructire  distUla' 
tion  of  luctate  of  caldam. 

The  following  methods  of  obtaining  it  are  more  preeiss : — 

1.  Defitructire  distillatioa  of  certain  propionates,  t.  y.,  propionate  of  bariam 
(Morley): 

2(C0.C«H»)tQ,     ^     CO>Q.        CO.C^»> 
Ba-      t  "     Ba"{"     *  CH'J 

I^apioiutt  ai  CkrbonaU  of 

MTium.  iNUlum. 


ProplOM. 


%  Action  of  sinc-cihyl  on  chloride  of  propiooyl  (Frennd  and  Pebal): 

Zn'(C»H*)»    4-   2C*H*0C1     -     Zn"CP   +   2(C^»0.CH»). 
3.  Action  of  carbonic  oxide  on  sodium-ethyl  (Wanklyn) : 

CO    +   2NaC^*     -     Na»   +   CO(C»H*)«. 

Propioae  ia  a  colourless  mobile  bquk!,  lighter  than  water  and  noD-misdble  with 
water,  but  freoly  aoluble  in  alcohol  and  other.  Its  smell  resembles  that  of  acetone. 
Boiling  point  101°.  It  diffeia  from  miuiy  members  of  tho  ketone  &mily  in  not  being 
capable  of  forming  a  oompouod  with  acid  sulphite  of  sodium. 

According  to  Morley,  boiling  nitric  acid  converls  it  into  propioiue  acid,  there  being 
neither  nitropropionic  add  nor  acetic  acid  produced.  According  to  Chancel,  nilropro- 
pionic  acid  is  t'ormed  by  the  rtctiun  of  nitric  noid.  Sulphuric  ticid  »od  dichrumate  of 
potassium  oxidiso  it  to  propionic,  acetic  and  carbonic  acids  (Gottlieb).  It  is  hardly 
atlaoked  when  dropp^  un  potash  in  a  state  of  fusion,  (here  being  tracM  only  of  propio- 
nate of  potaesiuni  formed  (Gottlieb).  Propione  is  isomeric  with  Taleral,  bat  differs 
from  it  in  its  reactions.  Unlike  raleral,  it  gives  no  compound  with  alkaline  snlphitra 
and  no  ralerianie  acid  when  oxidised.  J.  A.  W. 

VXOPZOMIC  ACID.     MtUMtoHtc  acid,  ttkyi-fvrmic  0cid,  CH*0-.— Tbt  third 
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add  of  the  fiitty  aeriea,  diacoTcred  by  Gottlieb  in  1844  among  the  producU  of  th« 
action  of  caustic  potash  on  vogar.  .     ,  . 

This  acid  is  of  little  importaDoe  as  a  natnral  product  It  is  contained  m  crnde 
Bii  of  amber  aleo  in  coooa*nat  milk  after  it  has  turned  sour,  and  in  the  distiUate  from 
some  of  the  wines  of  the  Bergstraaee  (Gm.  ix.  p.  402).  B6 champ  (Compt  nmd. 
liv.  1148)  has  found  it  in  spoilt  wine,  together  with  acetic  and  lactic  add. 

1.  It  is  of  interest  as  b«ing  the  flnt  organic  add,  or  indeed  organie  eofflpomid, 
obtained  directly  from  carbonic  anhydride.  Carbonic  anhydride  and  aodiiim-etbyl  gire 
propionate  of  80<^im(Wanklyn,  1868): 

CO.C»H») 


C0«  +  NaC*H»    - 


Ka 


Y 


2.  It  stands  in  intimate  relation  to  lactic  add,  being  related  to  that  add  in  tho 
same  manner  as  acetic  add  to  glyoollic  add.     In  order  to  render  the  conncetioa 


between  these  compounds  intelligible,  the  fbUowing  formuUe  are  convenient '«^ 
LKtlcKtd.  Proptonte  add. 

I  (HO)  IHO 

Propionic  add  then  is  lactac  add  in  which  one  atom  of  peroxide  of  hydrogen  ha* 
been  exchanged  for  one  atom  of  hydrogen.  And  lactic  add  may  be  cooTarted  into 
propionic  add  by  first  repladng  one  atom  of  ita  peroxide  <^  hydrogen  by  chkmnc,  thea 
reptadng  this  chlorine  by  means  ol  nascent  hydragen  (U  Lrich) : 

Lactle  mdd.  Cfaloroproptooie  add.  ftoploalc  acid. 


TOpwnlCM 

in* 

IHO 


H« 

fH* 

H* 

0" 
(HO) 

0« 

0- 

CI 

C» 

0" 
H 

(HO) 

(HO) 

HO 

hj  using  hydriodic  add,  lactic  add  may  be  at  onoe  converted  into  propionic  acid 
(Lautemann.) 

3.  A.  third  general  reaction  for  the  prodaetion  of  propionic  add  oonsiFts  in  the 
double  deoompoeition  between  cyanide  of  ethyl  (propiomtrile)  and  water.  This  trans- 
formation may  be  effected  dther  by  boiling  uie  cyanide  of  ethyl  with  potash -ley 
(Dumas,  Malaguti  and  Leblanc),  or  with  a  mixture  of  1  pt.  of  oil  of  vitriol  and 
2  pts.  water  (Frankland  and  Kolbe).  Both  these  reagents  caoM  tho  cyanide  tu 
decompose  water: 

C*H»N   +   2H*0     «     C^H).H.O   +  NH». 
When  potash  is  used,  it  reacts  on  the  propionic  add  and  the  ammonia  is  fifce ;  when 
oil  of  vitriol  is  used,  it  acts  on  the  ammonia  and  the  propionic  add  is  firee. 

4.  A  fourth  general  reaction  which  vieldsthisaddisthatof  Harnits-Harnitsky, 
who  exposes  hydride  of  ethyl  and  chloride  of  carbonyl  (phosgene  gas)  to  the  action 
of  sunlight,  and  obtains  chloride  of  propionyl  and  hydrochloric  add : 

COa«    +    C»H«     -    ^^^*[    +  HCL 

Chloride  of  propionyl  and  water  give  propionic  add. 

5.  A  fifth  general  reaction  is  the  oxidation  of  propionic  aldehyd^  which  thereby 
bt'comes  propionic  add : 

It  is  worthy  of  remark  that  acetone,  which  is  isomeric  with  propionic  aldehyde,  does 
not  give  propionic  add  on  bdn^  oxidised  (Dumas  and  Gottlieb).  Bromacetone, 
however,  is  converted  into  propionic  add  (or  perhaps  iaopvopionic  add)  by  oxide  of 
silvw  in  presence  of  water : 

2C?H*BrO   +   Ag«0   +  H^     •     2AgBr  +   2Cm*0*; 

and  acrylic  add  C^*0*  is  converted  into  propionic  add  by  simply  taking  np  2  at 
hydrogen  under  the  influence  of  sodium-amalgam.  (Linncmann,  Aul  Ql  Pham. 
cxxv.  307.) 

The  foregoing  methods  of  making  propionic  acid  are  examplee  of  the  five  gffienl 
methods  of  forming  the  adds  of  the  &tty  series.  From  the  drenmstance  that  common 
alcohol  is  the  particular  alcoholof  which  propoonic  is  the  derivative,  and  that  so  oommoo 
an  acid  a^i  lactic  acid  is  the  corresponding  diatomic  acid,  it  comes  to  pass  that  propiooie 
acid  is  the  best  add  of  the  series  for  iUustrating  the  emph)ym«U  of  thaae  general 
Bethuds. 
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To  the  foregoing  may  abo  b«  added  rhe  method  »a^fst«>d  bjEallr  (Jahnsh.  18S1, 
p.  369),  for  coDTerting  the  acida  of  tlio  oxuHc  »t^ne»  into  acid«  of  the  f»tty  mivm» 
Uftmety,  by  distillation  with  faydrute  of  oakiam.  Suwinic  acid  thni  trpat«d  dom  id 
fiftct  yield  propionic  acid,  accordiug  to  the  eqnatioD  C*II*0*  —  CHH)'  -t-  CO*;  but 
Ibe  qoantity  obtained  is  very  small,  bpanue  the  tempenuare  at  vbich  the  reaction  tttJu* 
place  is  very  near  to  that  at  which  the  propionic  acid  BoffirH  further  decompontiofl^ 
yielding  first  acetic  acid,  and  afterwards  carbonic  anhydride  and  hydrocarboos^ 

Thor«  is  ahio  a  number  of  special  reactions  which  fnmiah  propionic  acid,  but  ibej 
vield  it  minted  with  some  of  its  homologues.  When  sogar,  manmte,  starch  or  gum  m 
oeated  with  caiiBtic  p^itAsh,  there  is  formed  propionate  as  well  ss  acetate  of  poUaavnas 
(Gottlieb).  Metticctonc,  when  it  is  oxidised  with  chromic  add,  also  giTc«  propiooic 
and  acetic  acids  ((3  o  U I  i  e  b).  Bedtcnbacber  has  obaerved  that  when  glycerin  is  treated 
with  yeast  and  kbpt  at  SO''  to  40°  for  some  months,  it  yields  propionic  add,  littie  or  no 
acetic  acid,  and  traces  of  formic?  add.  In  this  process  the  free  acid  was  nentralised  fresi 
time  to  time.  Acourding  to  DGWrfiner.  glycerin  giTcs  this  acid  whoa  it  i>  exposed  t* 
the  air  in  contact  with  plaiinum-blaek.  Oleic  add  dittilled  with  nitric  add  gires  pro- 
pionic acid  and  a  great  nnniber  of  its  homolngties.  Ca»ein,  fibrin,  and  TegpfaWe  fibrin 
dintilled  with  peroxide  of  mangane-Aft  and  dilute  snlphoric  acid,  give  small  qoantitjes 
of  propionic  add.  The  pntrofaction  of  peas  or  lentils  under  water,  the  drv  distillation 
of  beeflwax,  the  oxidation  of  the  more  volatile  distillate  from  rape-oil  \j  means  of 
nitric  add,  aim  the  oxidation  of  turpentine  by  nitric  add,  give  propionic  add.  The 
Totfttile  oil  of  asafoetida  and  oij  of  mustard  also  }ield  this  add  on  oxidation.  When 
dtmtp  of  lime  is  fermenttrd  with  decnvinp  ehefw,  or  when  sognr  is  fermented  in  contact 
with  dieese  and  chalk,  propioDie  add  is  likewise  formed  (see  Gm.  ix.  408), 

Lastly,  propionic  acid  i»  formed  by  the  oeCiun  of  hydriodic  add  on  pyromcemic  add 
(Wisliccnus,  Ann.  Ch.  Fharm.  cxxvi.  Tla  :  Jaliresb.  1863,  p.  374) : 
C'H*0*   -I-   4HI     -     C"H*0»  +   HK)   +   2I«. 

Prrparntion. — 1.  Mitacetone.  which  Is  prepared  by  the  deetructivo  distillation  of  a 
mixture  of  su^r  with  lime,  is  allowed  to  run  inioalai^  retort  containing  dichromateof 
potast»ium  anu  dilute  sulphuric  add  When  the  eflfervescence  caused  by  the  formatioo 
of  carbonic  add  ia  over,  the  distillation  is  commenced  ;  nndeconipoeed  metacetone  goes 
over  first,  then  the  recdver  bhould  be  changed,  and  the  acitic  and  propionic  acid* 
collected.  The  separation  of  the  acetic  add  is  munagt^l  thus.  The  mixed  acids  are 
neotralised  with  carbonate  of  sudium,  and  evaporated  down  to  cryKtjdIifv;  wheri'upoit 
the  acetate  of  sodium  crystallise^  out,  learixig  the  propiuoate  in  ctolntion.  The  pro- 
pionate of  sodium  is  finally  distilled  with  Rulphurtc  acid,  wheroujwn  propionic  acid 
difttiU  oTer.     (Gottlieb.  Ann.  Ch.  Phnnn.  lii.  121  et  seq.). 

A  Iwltcr  wny  of  fwparating  tlip  ucetic  acid  is  by  tho  empIoym<?nt  of  Liebty's  j>!an  of 
fractional  saturation  (i.  250).  The  mixed  acetic  and  propionic  acids  should  be  jiartly 
saturated  with  potash  and  then  distilled;  acetate  of  potaaainm  then  remains  behind  and 
propionic  acid  passM  orer. 

2.  It  is,  however,  betier  to  employ  a  proceas  of  preparation  which  does  not  involve 
the  separation  of  homologues.  The  cyanide  process  answers  very  well.  Cyanidf?  of 
ethyl  in  added  by  drops  to  moderately  strong  potash-ley  heated  in  a  tnbuLited  n'tort, 
the  distillate  being  irpeatedlv  poured  back  so  long  as  it  smells  of  cyiinitle  of  eihyL 
The  residue  in  tho  retort  is  tFien  evaporated  down  to  diyuess  and  dwtilled  with  syrupy 
phosphoric  lu'id  (Dumas).     (See  alio  "WilliamBon,  Phil.  Mag.  [4]  ri.  20fi.) 

3.  Now  thtit  both  zinc-ethyl  and  sodium  are  tolerably  cheap,  the  method  of  acting 
upon  sodium-efhjl  with  carbonic  anhydride  has  become  quite  practicable  as  a  mode  of 
prcpjiration.  The  details  of  the  operation  are  as  follows  : — Ten  parts  by  weight  of  pure 
linc-otliyl  and  one  part  of  8o«iium  are  shakinj  np  topcther;  zinc  then  separates  and 
BOiiium-ptiiyl  (iisaolved  in  ainc-ethyl  is  pn>dueed.  Mercury  is  mat  added;  it  takes  up 
the  finely  divided  dnc,  and  there  rejfult  a  lownr  layer  contnininp  rinc  and  mercury,  and 
an  upper  layer  of  clcwr  liquid  which  issodtum-fthyl  to^rether  with  dnc-ethyl.  Carl>oiiii) 
anhydride  i.«i  next,  passed  into  the  apparattis,  and  eombinep  with  the  sodiam-ethyl ; 
and  the  solid  product  of  ihe  reaction, aftcrlwiagt-rejite*^!  with  moint  ether,  and  then  with 
water,  is  fin:illy  eraporaled  to  dryness  and  dLtUlod  with  syrupy  phosphoric  acid  ot 
mitpburic  add. 

Lauteinaun's  metho<l  of  deeomposing  lactic  acid  with  hydriodic  add  is  also  practi- 
cable as  a  mode  of  preparing  propionic  scid. 

PrifprrtifA. — According  to  Dumids,  pure  dry  propionic  add  is  a  solid  at  ordinary  tem- 
prrHturcs.  It  boils  at  140'^  and  mixes  with  wiit^-r  in  all  proportions.  Propionic  acid 
(^i>at.s  on  phosphoric  add  or  on  solmion  of  chloride  of  calcium.  Redtenbacher,  who 
obtained  his  acid  by  fermenting  glycerin,  maintains  that  propionic  add  it*  not  indeft- 
uitcly  soluble,  even  in  water,  but  -^bat  when  if  ia  mixed  with  a  little  watrr,  a  portion 
of  the  prupionic  add  separates  and  Hual«  ou  the  a'^uiuus  solution  of  thi  ;icid.     This 
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obMPvation  requires  conannation,  inMmuch  u  it  ta  mute  powibU  Uiafc  Redtenbtcher'a 

Mad  contained  traces  of  butyric  acid  or  a  higher  homologue.    Tha  smcU  of  the  aqBjoua 

eolation  of  propionic  add  is  very  peculiar.  J-  A.  W. 

VroplOB«t0«.    C^*KO*  and  C*H"H''0*.— These  salts  are  solable  in  water  and 

I  moatlT  czTStaUisable ;  aooording  to  Dumas,  the  alkaline  propionates  are  vnctaoas  to 

the  toQch. 

The  ammonium-taU  is  eonverted  by  phoephoroos  anhydride  into  propionitrile, 

I  C"H*(NH*)0'  —  2HK)    a   C*H»N.— The  «o<a*#tttm-*a/<,  C»fl»KO»,  forms  irtiite 

*  pearly  lamiiue.    The  »odium-aalt^  CH'NaO'.H'O,  dries  up  to  an  amorphous  mass 

I  very  soluble  in  water.     An  acrtc-j>rop«m«te  o/ «orfiuni,  C'H"NaO«.C*H»NaO*^H»0,  waa 

once  obtained  by  Gottlieb  in  delicate,  shining,  Tery  soluble  needleiL 

Propionate  of  Bartufn»C*H'*Ba''0\  crystallises  in  monocUaie  prisms  exhibiting 
I  the  combination  ooP  .  odPoo  .  oP.  +  Poo  .  -  Poo.     Angle  oP  :  +  Poo  m  1S6*4'; 

oP  :  -  Poo  -  136°  82';  oePoo  :  +  Poo   -  about  133**;  ooPoo  :  -  P«   .  133°  ZS; 

ooP  :  odP  -.  97«*  80';  a.P<»  :  ooP  -  181°  16';  +  Poo  :    «P  «  116*  2**;    -Poo  : 

j  '  ooP  «  117°  36'.  (Pro▼ostay^  Compt.  rend.  xxr.  782).   It  is  very  aolublo  in  water, 

and  the  solution  yields,  by  spontaneous  eva^ration,  lar^  vezy  regular  crystals  of  a 
,  prismatic  salt  containing  C*H**Ba''0*.HH),  which  gives  ofT  its  water  at  100°.  (Wright- 

ton,  PhU.  Mag.  [4]  vi.  88.) 

The  ealcium-aali  crystallises  by  spontaneous  evaporation  in  tofts  of  long  prisms 
containing  C*Hi*Ca''0*.H'0.  Thej  retain  their  water  of  crystidlisation  even  when 
dried  over  oil  of  vitriol,  but  give  it  off  at  100°  (Wrightson).  Strecker  obtained 
the  anhydrous  salt  in  silky  scales. 

Cuprie  propionate,  C*H**Cu"0*.H*0,  obtained  by  neutralising  t^  aqueous  acid 
with  carbonate  of  copper,  forms  very  regular  green  octahedrons,  sometimes  with  cube- 
faces.  It  dissolves  in  water  with  moderate  &cility,  and  is  easily  obtained  in  oystals 
by  spontaneous  evaporation.  The  crystals  dried  over  oil  of  vitriol  retain  1  at.  water, 
whicQ  goes  off  at  100°  (Wrightson).  According  to  NickUs  (Compt  chim.  1849, 
p.  348),  it  (OTstallisee  in  smaU  oblique  prisms  very  soluble  in  alcohol  but  very  spariDglv 
I  in  water.     Heated  to  100°  in  a  current  of  dnr  air,  it  gives  off  ite  water,  together  with 

a  certain  quantity  of  propionic  acid.  If  irom  this  point  the  temperature  be  sud- 
denly raised  to  dull  redness,  the  dfcomposition  proceeds  rapidly,  with  evolution  of 
oombostible  gases  which  carry  awny  a  portion  of  the  salt.  The  producte  of  this  distil- 
lation are :  an  odoriferous  liquid  composed  of  propionic  acid  and  an  oily  body  ins<duble 
in  water ;  carbonic  anhydride  and  •  hydrocarbon ;  and  a  residue  of  metillie  copper 
and  cfaarooal. 

Propionate  of  Lead. — The  solution  of  this  salt,  which  has  a  sweet  taste,  dries 
up  without  yielding  crystals,  to  a  white  mass,  which  when  dried  at  100°  oootains  63*4 


percent,  ojode  of  lead  (Frankland  and  Kolbe).     According  to  Strecker,  it  forms 

needles  containing  C*H"Fb''0*.Fb''0.     This  formula  requires  77'6  per  cent  lead-oxide. 
Chloride  of  banum  added  to  a  tolerably  concentrated  solnticm  of  propionato  of  lead, 

forms  at  first  a  somewhat  copious  precipitate  which  disappears  on  agitation ;  if  tbs 

addition  of  the  chloride  be  continued,  a  point  is  at  length  attained  at  whidi  the  jse- 
t  cipitato  no  longer  redissolves ;  if  the  liquid  be  then  filtered,  and   left  to  evapcnte) 

'  eluoride  of  lead  separates  at  first,  and  afterwards  magnificent  limpid  oystals  whicb 

J  appear  to  belong  to  the  dimetrie  system.    They  dissolve  readily  in  vater  and  ptodofls 

gyratory  movemente  on  the  sur&ce  of  that  liquid.     They  contam  4*16  to  3'88  per  eesU 
'  cUorine.  36*96  to  3670  lead,  and  24-32  to  24*2  barium.    (NickUs^  Ann.  Ol  Phatn. 

Ixi.  843. 
Propionate  of  Silver,  C^^AgO',  is  obtained  by  adding  nitrate  of  aihrv  to 

the  concentrated  aqueous  solution  of  the  sodium  salt  as  long  as  a  predpitato  is  fenae^ 

boiling  the  precipitate  in  the  liquid  till  it  dissolves,  whereupon  some  of  the  s3w 
I  is  reduced ;  and  filtering  at  the  boiling  heat:  the  lioaid  then  on  cooling  yields  white, 

shining,  l^eavy  granules,  which,  when  examined  by  tne  microscope,  are  found  to  eonsisl 
i  of  needles.     The  salt  when  merely  exposed  to  light  remains  unaltered  for  aevecal  waeks; 

(  but  at  100°  it  suffers  partial  decomposition  and  becomes  black-brown.    At  a  fai^Mr 

\  temperature,  it  melu  quietly  and  bums  away  without  noise  (Gottlieb).    When  tha 

<  precipitate  is  dissolved  in  boiling  water,  the  greater  nart  of  it  deoompOMa ;  and  the 

crystals  obtained  ftx>m  the  solution  decompose  when  neated,  giving  off  *<*M  vapooxa 

(Quckelberger).    According  to  Frankland  and  Kolbe,  it  fonas  small  oTStalliDa 
.  laminn,  which  either  in  the  &r  state  or  in  solution,  blacken  whso  expoaed  to  li^ 

or  heated  to  100°.    It  is  less  soluble  in  water  than  the  acetate. 
When  propionic  add  is  warmed  with  carbonate  instead  at  oxide  of  silver,  an  iwid 

silver-salt  appears  to  be  formed,  and  crystals  may  be  obtained  eontaiaiuc  C*H*AsO'. 

C'H*0».    (Wanklyn.)  ^^         ^ 
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AeetopropionaU  of  Silver^  CH'AgO'.CH'AgO*  is  produced  by  boiling  nitrate  of 
nlver  with  a  miztare  of  acetale  and  propionate  of  Bodium.  The  filtered  solution  on 
eooling  deposits  the  double  salt  in  arborescent  groups  of  shining  needles.  The  crystals 
may  be  dned  at  100°  without  alterauon ;  they  do  not  melt  at  a  stronger  heat  and  are 
but  sHgbtlv  soluble  in  water.  The  solution  blackens  when  boiled,  from  deposition  of 
metallic  silver. 

Aeet<^)Topiomo  add  is  alao  produced  by  the  fermentAtioD  of  calde  citrate  in  contact 
with  pntre^ing  curd.    (How,  Chem.  Soc.  Qn.  J.  t.  1 ;  Gm.  iz.  408.) 

BubititutuM-^trivaiives  of  Propionic  ocitL 

Xromoproploiile  mcid«  CH*BrO*.-^Froduced :  1.  Sy  heating  1  at.  proptouic 
acid  with  2  at  bromine  to  160°  for  several  days,  and  coUeeting  the  product  which 
passes  over  on  fractional  distillation  between  190°  and  210°  (Fried el  and  Machuca, 
Compt  rend,  hii  408 ;  Jahresb.  1861,  p.  370). — 2.  By  the  action  of  hydrobromic  acid 
on  lactic  acid: 

CHKH     +     HBr      -      <?H»BrO«     +     H«0. 

When  lactic  acid  is  heated  to  180° — 200°  in  a  stream  of  gaseous  h3rdrobromic  acid,  a 
•mall  quantity  of  bromopropionic  acid  distils  over ;  but  a  Detter  mode  of  preparaUon 
is  to  heat  lactic  add  with  rather  more  than  an  equal  volume  of  cold  saturated  aqueous 
hydrobromic  add,  in  sealed  tubes  to  1 00°  for  several  days,  then  agitate  the  product  with 
euier  &ee  from  alcohol  and  distil  the  ethereal  solution.  The  portion  which  distils 
above  180°  yields  a  large  quanti^  of  bromopropionic  add.  Sometimes,  however,  car- 
bonic oxide  is  formed  at  the  same  time  together  with  a  fragrant  liquid  which,  when 
treated  with  aloohoUc  ether,  yields  a  condderable  quantity  of  ethylic  bromopropionate. 
(Eekul^  Ann.  Ch.  Fharm.  czxx.  11.) 

Bromopropionic  add  prepared  from  lactic  add  boils  at  202°  (corrected  206'6°)  and 
solidifies  at  — 17°  to  a  radio-crystalline  mass.  It  is  converted  by  Modiuin^mtUgam  into 
propionic  add  (Kekul^),  and  by  boiling  with  einc-oxitUf  into  lactic  add  ^Friedel 
ana  Hachuca;  Kekul^).  When  heatod  with  alcoholio  ammonia,  it  yields  alanine 
together  with  lnx>mide  of  anunonium  (EekulA) : 

CH«BrO*     +     2NH-      -       CWKO«     +     NH*&. 
Bromopro-  AUoln*. 

plontc  ACid. 

An  add  called  6rofni^onica<»i,  having  the  oompontion  of  dibromopropionic  acid, 
CH*BrH)',  is  produced  by  the  action  of  bromine  on  dtmconie  add  in  presence  of  excess 
of  potash  (Canours).    See  CiXBAOoinc  Acid  (I  993). 

ebloroproploalo  addf  C'H'CIO^ — This  acid  does  not  appear  to  be  formed  by 
the  action  of  chlorine  on  propionic  add,  but  is  obtained  by  the  action  of  water  on 
chloride  of  lactylor  chloride  of  chloropropionyl,  (C»H«0)^C1»  or  C^HKllO.Cl  (iil  466). 
It  is  less  volatile  than  propionic  acid,  and  smells  like  trichloracetic  acid.  Nascent 
hydrogen  converts  it  into  propionic  acid  (p.  730).  Its  tUver-Mlt,  C*H*ClAgO',  is  less 
soluble  in  water  than  the  wopionate,  and  is  resolved  by  boiling  with  water  into  chloride 
<tf  silver  and  lactic  add.  The  lead-sait  decomposes  in  like  manner  (Ulrich,  Ann.  Cfa. 
Fharm.  dx.  271).  The  bariuv^salt,  CH'Ba  C1*0*,  evaporated  with  chloride  of  dne, 
yields  a  ginC'talt  having  the  properties  of  sarcolactate  of  sine.  (Lippmann,  Ann.  Ch. 
Iniarm.  cxxix.  81.) 

Bespecting  Chloropropionaie      Ethyl^  see  Faopxoinc  Ethbbs. 

ZodopropioBle  aetd,  C"H*IO>.  (Beilstein,  Ann.  Ch.  Fharm,  cxx.  226;  cxxii. 
366 ;  Jahresb.  1861,  p.  668 ;  1862,  p.  244).— Produced  by  the  action  of  iodide  of  pbos- 
phorua  on  glyceric  acid.  To  prepare  it,  52  cub.  cent  of  glyceric  add  having  a  density 
of  1  '26  are  mixed  with  100  grms.  iodide  of  phosphorus  (added  in  three  separate  portions), 
and  as  soon  as  the  action,  which  may  be  allowed  to  go  on  with  considerable  energy,  is 
complete,  the  reddue  is  washed  with  ice-cold  water,  till  the  water  runs  off  colourless, 
And  the  iodopropionic  add  which  remains  is  crystallised  once  or  twice  from  boiling 
water.  The  portion  remaining  in  the  mother-liquor,  may  be  extracted  by  ether  free 
from  alcohol,  not  by  evaporation,  as  the  aqueous  solution  is  decomposed  by  heat.  If 
ether  containing  alcohol  is  used,  ethylic  iodopropiouate  is  produced. 

Iodopropionic  add  forms  a  dazzling  whiter  nacreous,  ci^stalline  mass  melting  at  82°. 
It  is  easily  soluble  in  hot  water,  veiy  slightly  in  cold  water.  The  mother-hqaors  of 
the  add,  when  slowly-  evaporated  over  oil  of  vitriol,  deposit  it  in  large,  well-developed. 
Apparently  monoclimc  crystals.  The  add  dissolves  very  easily  in  alcohol  and  ewer, 
has  a  strong  acid  reaction,  and  decomposes  carbonates.  Hydrochloric  add  gas  passed 
into  the  alcoholic  solution,  converts  the  add  into  the  ethylic  etheL 

The  salts  of  iodopropionie  add  are  converted  by  boiling  with  water  into  metallic  iodid* 
ftnd  hydracrylic  acid  (iii.  177): 
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4C«H»I0«     + 


8H»0        « 


loj^rgptc 


C"H«0"     + 

Hydr  acrylic 
•cid. 
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sn»»prop*oiilOMi(l,C*H>K0<  i.  C>H*(NO*)0«.  (Chancel,  Ann.  Ch.  rharm. 
lii.  29e. — Laurent  and  Chancel,  [3]  tIL  356;   xiii.  462)r— Produced  aa  a  heavy 

fellovoU  by  heating  butyral  or  butyrone  with  nitric  add,  and  precipitatang  with  wat^r. 
t  has«n  aromatic  odonr,  a  very  sweet  taste,  ia  dissolTed  slightly  by  water,  and  in  all 
propMticms  by  alcohol.  It  remains  floid  even  at  Tery  low  tamper^^ires ;  is  easily  set 
on  UK,  «ad  boms  with  a  reddish  flame. 

The  nitro  propionates  are  generally  TftUow  and  crystalliaable:  they  all,  excepUng 
the  ammonium-salt,  decompose  with  a  kind  of  explosion  when  gently  heatod.  Mineru 
acids  decompose  them,  preeipit^iting  the  oily  acicL 

The  ammonium-Bolt,  C^\NH*XNO')0«.H«0,  may  be  sublimed  without  decomposi- 
tioo.  It  decomposes  spontaneously  when  kept  in  a  close  Tessel,  yielding  a  gaseooi 
mizd  a  liquid  product  Sulphydiic  acid  d^^mposea  it,  with  precipitation  of  sulphur  and 
formation  of  new  products.  The  potassiurn-salt,  C*H*KfNO')C)MPO,  is  obtnined  in 
Ane  yellow  scales  by  dissolving  the  acid  in  alcoholic  potash.  It  gives  off  its  water 
At  140^,  and  decomposes  with  ezpkwion  at  a  £bw  degrees  higher.  It  diasolTns  in 
2*}  pts.  water,  but  is  nearly  insoluble  in  alcohoL — The  eopper-*aU  is  a  dirty-gr«en  pr»- 
«p*at€.— The  Uad-aalt  is  a  yeUow  precipitate.— fit/iwr^a/<,  C»H*Ag(NO*)0».H*0. 
When  a  solution  of  the  potassiom-salt  ia  mixed  with  nitrate  of  silver,  a  yellow  pnci* 
pitate  is  formed,  probably  consisting  of  a  basic  salt ;  for  on  boiling  it  with  water,  ozid« 
of  silver  is  deposited,  and  there  remains  in  solution  a  silver-salt,  which  ctystallisee  ia 
rbomboidal  plates,  and  has  the  composition  above  indicated. 

WU09XOtno  AJMMWnm,  (m*0  «  C*H^O.H.  Hydride  of  Propion^, 
Metscetic  Aldehyde.  Propylaldid. — This  compound,  discovn«d  in  1847  by  Guckel- 
berger  (Aun.  Ch.  Fharm.  Ixiv.  39),  is  produced:  1.  Together  with  several  other 
aldehydes  and  acids,  by  distilling  casein,  albumin,  or  fibrin  with  salpburie  acid  and 
peroxide  of  manganese,  or  sulphuric  acid  and  pota»ic  chromate  (Gnckelberger). — 
2.  Together  with  butyric  aldehyde,  by  the  dry  distillation  of  a  mixture  of  ealcie 
formate  and  bntvrate  (Michaelson,  Ann.  Ch.  Pbarm.  cxxxiii.  182). — 3.  Together 
with  butyric  aldehyde,  propionic  acid  and  butyric  add,  by  distilling  tetrylic  (butjlic) 
alcohol  with  sulphuric  add  and  potassic  ebromate  (Michaelson,  ibid,  cxxxiv.  69). 

Preparation. — 1.  By  distilling  1  pt.  of  dry  casein  with  3  pts.  of  peroxide  of  manga- 
nese, 4^  pts.  oil  of  vitriol,  and  30  pts.  water.  Skimmed  milk  is  left  to  coagulate;  the 
cord,  freed  as  completely  as  possible  from  the  whey  by  washing  with  water  and  pressure^ 
is  dissolved  at  60^  tu  S0°  in  dilute  sodic  carl)onate ;  the  solution  is  maintained  at  that 
temperature  for  some  hours,  the  scum  therebv  formed  beinc  carefully  removed ;  the 
slightly  turbid  liquid  is  precipitated  by  dilute  sulphuric  acid ;  the  curd  repeatedly  stirred 
up  with  hot  water,  and  the  liquid  each  time  pressed  out  of  it,  till  the  water  runs  away 
quite  dear ;  and  the  resulting  casein,  which  contains  but  a  tz^e  of  fat,  is  dried. — 1'^ 
pts.  of  oil  of  vitriol  are  next  diluted  with  9  pts.  water  ;  the  mixture  is  cooled  to  60^  or 
40° ;  1  pt.  of  dry  casein,  pulverised  as  finely  as  possible,  is  graduallv  added  to  it^  with 
constant  stirring,  till,  in  the  course  of  a  few  hours,  it  dissolves,  and  forms  a  brown  or 
violet  solution;  and  the  remaining  portion  of  fat,  which  then  rises  to  the  surface,  is 
skimmed  off.  The  solution,  after  standing  for  a  day,  ia  diluted  with  10  pts.  water,  and 
introduced  into  a  retort  large  enough  to  hold  twice  tha  quantity  and  containing  1}  pt 
manganic  peroxide ;  1 1  pts.  of  water  are  added  (making  up  the  30) ;  the  liquid  is  £b' 
tilledf  into  a  well  cooled  receiver,  as  long  as  any  odoriferous  products  pass  over ;  1]^  pt 
more  manganese  is  introduced  into  the  retort,  together  with  a  quanti^  of  WHter  equal 
to  that  which  has  already  passed  over;  and  the  liquid  is  again  distilled  as  long  as  the 
distillate  has  any  odour. 

The  strongly  acid  and  pungent  distillate  is  neutralised  with  chalk,  and  distiUed  to 
one-half;  and  the  resulting  neutral  distillate  containing  acetic,  propionic,  butyric,  and 
benzoic  sJdehydes  is  redistilled  into  a  well  cooled  receiver,  collecting  only  the  flrvt  portion 
which  passes  over,  till  this  distillate  presents  the  appearance  of  a  miucy  vatw  eo<rned 
with  yellow  oil,  becoming  clear  as  it  cools,  and  graaually  depositilig  bitter  almond  oil 
To  separate  the  propionic  aldehyde,  the  milky  liquid  is  intmdnced  into  a  retort  or  flai^k, 
to  which  is  adapted  a  long  tube  slanting  upwards  at  Hrst,  and  afterwaj^  conveying 
the  vapoure  into  the  downwardly  inclined  condensing  apparatus,  and  heated  in'  the 
wnter-bath,  at  first  only  to  40°  or  50°  at  which  temperature  nothing  bnt  aretie  aldehyde 
passes  over,  whilst  the  propionic  aldehyde  condenses  in  the  upwardly  incHsed  tube, 
and  fiows  back  again.  The  propionic  aldehyde  is  then  distilled  over  at  65°  to  7<)°,  the 
first  portions  still  containing  acetic  aldebyde,  whilst  the  last  portiona.  which  mnsi  be 
collected  apart^  are  free  from  th*it  impurity,  and  have  a  pleasant  etberetal  odour  (at*  a 
higher  temporatore  the  bntyral  passes  over,  and  above  100°,  the  bitter  almond  «il). 
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Hh^  distillato  coUect^  betveen  6fi^  and  75°  is  dehydrated  oror  cUonde  of  calexmn, 
ftnd  redistilled,  whereupon  it  begins  to  boil  at  40*^.  The  diBtiUate  collected  between  60^ 
and  70^  is  tolerably  pure  propionic  aldehyde,  not  however  exhibiting  a  perfectly  con- 
stant boiling  point. 

The  formic,  acetic,  propionic,  butyric,  valeranic,  caproic,  and  benzoic  acids,  likewise 
formed  by  the  oxidation  of  the  caaein,  remain  in  the  retort  as  calcium-salts  after  the 
volatilisation  of  the  aldehydes.    (Q-nckelberger.) 

2.  A  mixture  of  X  at.  adcic  formate  and  1  at.  calcic  butyrate  yields  by  fractional 
distillation  a  product  which,  after  being  neutralised  by  oxide  of  }f:\d  and  dried  by 
chloride  of  calciam,  is  resolred  by  fractional  dictiUation  into  propionic  aldehyde, 
boiling  between  64°  and  63° ;  butyric  aldehyde  passing  orer  between  65°  and  90°,  and 
amounting  to  about  two-thirds  of  tbe  whole ;  and  a  small  quantity  of  a  liquid  boiling 
between  48°  and  63°.    (Michaelson.) 

8.  When  12  pts.  of  pore  tetiylic  alcohol  are  added  hj  small  portions  to  a  mixture  of 
20  pts.  sulphuric  acia  and  16  pts.  of  acid  potassio  chromate  dissolved  in  water,  the 
mixture  becomes  h<^  and  gives  off  carbonic  anhydride,  so  that  external  heating  is 
required  only  towards  the  end  of  tbe  reaction.  On  distilling  the  product,  propionic 
and  bu^rric  acids  and  aldehydes  pass  over  below  100°,  while  a  considerable  portion  of 
the  alcohol  remains  nnattacked;  and  on  neutralising  the  adds  wUh  oxide  of  lead, 
dehydrating  the  liquid  with  chloride  of  oalriium,  and  submitting  it  to  fitactionat  distil- 
hition,  the  propionic  aldehyde,  which  oonstitntea  the  greater  part  of  the  product,  passes 
over  between  69*  and  61°.    (Michaelson.) 

Propionic  aldehyde  is  a  limpid  neutral  liquid,  having  an  ethereal  odour.  Sp.  gr.  » 
0-79  at  15°.  Boiling  point  between  65°  and  65°  (Guokelberger);  64°  and  63° 
(Michaelson).  Vapour-density, obs.  »  2*lll(0ackelberger);  2-04  (Michael- 
son) ;  calc.  ta  2'01.  It  turns  acid  slowly  in  the  air,  rather  quickly  in  contact  with 
platinum-black  (Gnckelberger).  When  heated  to  100°  with  recently  wecipitated 
silver-oxide  and  a  little  water,  it  is  converted  into  propionate  of  silver,  with  separation 
of  specular  metallic  silver : 

2C»H«0     +     3Ag»0      «      20^»AgO     +     H«0     +     Ag«. 

This  character  distinguished  propionic  aldehyde  from  acetone,  with  which  it  is  isomeric. 
(Michaelson.) 

Tribromopropionic  Aldehyde,  CH'Br'O. — ^A  body  havii^  this  composition  is  formed 
in  small  quantity,  together  with  acid  products,  by  the  action  of  biomme  on  the  alkaline 
salts  of  dtraconic  acid  (i.  993).  It  is  a  neutral  oil  insoluble  in  pure  water  and  in 
alkaline  solutions ;  easily  soluble  in  alcohol  and  ether ;  partially  decomposed  by  heat 
It  is  ancertain  whether  this  body  is  a  derivative  of  propionic  aldehyde,  or  of  acetone. 

Ffntachloropromonic  Aldfhyde  or  Propionic  Chloral,  C'HCIH). — This  compound 
occurs  amongst  the  products  obtained  by  distilling  starch  with  hydrochloric  acid  and 
manganic  ^roxide.  On  saturating  tbe  crude  distillate  with  chalk  or  sodic  carbonate, 
and  rectifying  over  a  small  quantity  of  calcic  chloride,  the  propionic  chloral  passes  over 
in  the  first  portion  of  the  distillate,  together  with  an  oily  body,  from  which  it  may  bo 
separated  by  agitating  the  liquid  serer^  times  with  ice-cold  water,  decanting  the  solu- 
tion when  saturated,  and  heating  it,  the  propionic  ctiloral  then  separating  in  heavy 
drops  having  a  £iint  yellow  colour.  By  dil!ii8ing  these  drops  in  a  small  quantity  of 
water,  and  cooling  to  0°,  colourless  rhombic  tablets  are  obtained,  which  may  be  purified 
from  adherii^  oil  by  presBing  thom  in  the  cold  between  bibulous  paper.  They  ooo- 
sirt  of  a  hydrate  of  propionic  chloral,  C*HC1K).4H«0.  (Stiideler,  Gerhardfa  Traiti, 
ii.  434.) 

9SOVZOVZO  aTBBKB*  These  compounds  have  not  been  much  examined,  the 
ethyl -compounds  of  propionic,  bromopropionic  acid,  &e.,  being  the  only  ones  yet 
obtained. 

Et hylic  Propionate,  CTI*(CH*)0',  is  prepared  by  heating silver-propionate  with 
a  mixture  of  absolute  alcohol  and  sulphuric  acid,  and  is  separated  from  the  product  by 
water,  in  the  form  of  a  liquid  lighter  than  water  and  having  a  pleasant  fruity  odour. 
It  is  quickly  decomposed  by  ammonia  into  alcohol  and  propionamide.  ^ 

Ethylic  Bromopropionate,  was  obtained  by  KekulA,  by  treating  with  alcoholic 
ether  the  fragrant  liquid  sometimes  produced  in  the  preparation  of  brom<^ropionic 
add  by  the  action  of  hydrobromic  acid  on  lactic  acid  (p.  733). 

Ethylic  Chloropropioncte,  CB*CiO*  =  CmXCm«)C10«  -    ^ct?^I^'®' 

Eihylic  CKlorolactate  ^^^?^  (ci  ^^  ^^rtr,  Ann.  Ch.  Pharm.  cvii.  192;  cxii 
332;  Ulrieh,  Chem.  Soc  Qn.  J.  xii.  23}.— This  ethsr  is  prodneed,  together  with 
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fithylic  chloride  slid  •wmUr,  by  the  aetioo  of  ahMhite  aleohol  on  diloride  of  cUoropra- 
pionyl  (chloride  of  lactyl,  iii  646) : 

cra«oa«   +   2CTO*o    -    cBHno*  +   c*HKa  +   hh). 

*  It  is  a  liquid  haTing  a  pleasant  aromatie  odour,  a  specific  gnrity  of  1*097  at  0°,  and 

'  dictUling  withoutdeoompocition  at  160°.    Vapouz^enaity,  obs.  »  4*0  (Wnrta); 

cale.  »  4 '7.    When  heated  vith  todium  etkylate,  it  ii  oonrexted  into  dieth^  laetata 
(Warti,iii.464): 

.  0B»  la   +    Na  r     "    {C^y  \^   *   ^'^ 

^  the  actkii  of  luueeiU  l^firogm  (line  and  dilute  aulphuric  add)  it  is  oonrerted  into 
pto{Hontc  acid.    (U 1  r  i  o  h.) 

,  Etkylic  lodopropionate,  C"H*(C*H>)IO*.--Obtained  by  paving  hydrochloric 

acid  gas  into  an  alcoholic  eohitian  of  iodopropionic  add  (p.  734).  It  is  a  eolourlcas 
strongly  axomatio  Uqnid,  hearier  than  water,  soluble  therein,  and  eadly  soluble  in 

I  akohoL     It  boils  behreen  180°  and  200°,  and  appears  to  Tolatilise  without  deeompoei- 

■  tion.    (Beilstein.) 

wmoWMiOmTTmXLM,  C^*N,  or  Cyamd0  of  JSOyf,  C*H>.GK.— The  ferraataoa, 
uopeitiea,  and  most  of  the  reactions  of  this  compound  hare  been  dMoibed  und^ 
Ctaniobs  (ii.  311).  The  ptodnets  obtained  by  treating  it  with  chlorine  hare  reently 
been  examined  by  IC  Otto  (Ann.  Ch.  Fharm.  czri.  186;  lUp.  Ghim.  pore,  1861,  p. 
267;  Ann.  Ch.  Pharm.  czxxU.  181;  BulL  Soc  Chim.  1866.  i^  29S). 

2>ryc^oftit^Mwwd  into  gen tly  heated  propionitrile.fbnnsdichloropropionamide 
<p.  729),  and  diehloropropionitrite,  (^H*Cl*N,  which  may  be  separated  by  a 
freming  mixtnra,  the  former  then  etystallising  out ;  and  on  submitting  toe  remaining 
liquid  to  fractional  distillation,  dichloiopropionitrile  passes  orer  between  104°  and  107^. 

Dichloropropionitrile  is  a  limpid  liquid  baring  a  disagreeable  ethereal  odour, 
insoluble  in  water,  soluble  in  alcohol  and  in  ethrr,  decomposing  in  badly  doaed  Tnasnls 
It  bums  with  a  smoky  flame,  emitting  pungent  rapours.  When  boiled  with  allEali,  it 
gives  off  its  nitro^  sb  ammonia,  the  last  portions  however  going  off  TCzy  slowly,  and 
yields,  flnt  chlorinated  adds,  then  adds  free  from  chlorine. 

The  residue  left  after  the  distillation  of  the  dichloropropionitrile  isaoyttalline  mass, 
haring  the  same  composition  and  probably  consisting  of  a  polymeric  modification.  It 
fiorms  fine  crystals  or  Males  melting  at  74*6°,  subliming  with,  partial  deoompoaitxon, 
insoluble  in  water,  melting  in  boiling  water,  and  disrilhng  over  with  aqueous  TiAonr. 
It  dtssolres  st  26°  in  717  pts.  of  absolute  alcohol,  and  u  0*77  pt  of  atber.  vHth 
alhalis  and  adds  it  behaves  like  the  liquid  modification. 

The  action  of  moist  eUorine  on  ^ropionitrile  is  very  energetic,  and  is  atteodsd  with 
rise  of  temperature,  snd  the  formation  of  a  greater  number  of  products.  Froptonitrile 
distils  over  holding  in  solution  hydrochlorate  of  propionamia^  which  it  depoaits  in 
crystals  (p.  729);  hydrochloric  aod  is  evolved;  sal-ammoniac  is  deposited;  and  if  the 
action  of  the  chlorine  be  continued,  with  cohobadon,  there  finally  remains  a  lasss  of 
arystals,  which,  when  washed  with  eold  water,  and  dissolved  in  absolute  alwhol,  yidds 
i  fijrs^  small  iridescent  laminc  oS  a  body  A,  having  the  compodtioo  C^'K!3*2TO*  ;  thea 

after  the  oily  mother-liquid  has  been  left  for  some  time  over  oil  of  vitiic^  cmCab  of 
a  body  B  containing  CWHS^^O* ;  and  finally,  an  unoysUllisable  oil  G. 
The  body  A  appears  to  be  formed  according  to  the  equation : 

3C«H»N   +   6C1«  +   4HH)     «     C?H»»CI»KH)*   +   4Ha   +  KH«CL 
I  It  melts  between  166°  and  168° ;  sublimes  when  cantionsly  heated;  is  '-•"HHt  ia 

I  water,  bat  soluble  in  alcohol  and  ether ;  and  aystsllises  in  small  rhonbie  1— »■— * 

I  Its  solution  in  dilate  hydrochloric  sdd  forms  a  precipitate  with  p'^tinif  dUoside^  after 

standing  for  some  time. 

The  body  B  mdts  betwe«n  161°  and  162°,  and  in  other  respects  leasnblea  A. 

The  unczTStallisable  oil  C  appears  to  consist  of  the  body  A,  oootaminatad  vith  other 

products  of  substitution.    In  contact  with  sodium-amalgam  and  water,  it  disswiiia 

without  evolution  of  hydrogen  ;  and  scids  separate  from  the  resulting  liqoid  a  yallowish 

mass,  whose  solution  in  dilate  alcohol  oontaming  hydrochloric  add,  yiMd%  besides  «»- 

cxystsUisable  mother-liquor,  feathery  crystals  of  a  body  D,  which  mohs  at  16S^ 164^ 

and  contains  C»H»a»NK)». 

The  oil  C  distilled  in  a  saltpetre-bath  yielded  a  small  quantity  of  didilovo-pmio- 
nitrile  containing  hvdrochloric  add,  and  a  brown  residue  which  "^iM'^fd  in  a  oystalnae 
mass,  and  dissolved  in  absolute  alcohol,  learing  a  slight  reaidneof  ssl-aamoniae.  Tka 
alcoholic  solution  deposited  the  three  following  ctystallisable  oompoonds^  distismahsd 
by  their  melting  poiaU  and  their  solubility  in  alcohol : 
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Mfttinit  iM>ini. 

C»»H'«CI*N*0«  189  to  191°  sparingly  solaMe. 

Ci»H**Cl»N*0'  lfi6  to  1680  mon-  JK)luble. 

C'*H"CrN'0'  214  to  215°  from  tbe  motheT-liqaor. 

The  action  of  moist  chlorine  on  rropionitrile  in  diffused  daylight  likewise  gives  riw 
to  thfl  formiition  of  other  compounds,  ml  Hipy  »rf»  very  difficult  to  Mporutp. 

When  muist  chlorine  acts  on  propionitrile  in  direct  t^tinshine,  the  rraalttng  bpown 
liquid  duposits  on  standing,  LTy!<tftls  uf  dichloropropioutiiDidc,  and  tlip  liquid  aecanted 
thpn>from  yields  by  distillation,  tirht  viiter,  hydrocnloric  iicid  snd  propionitrile,  then 
(lolwten  lOtV^  and  r20^)  diihloropropinnilrile,  and  laiitly  (aboT*   120^)  dichlopopro- 

fHonamide,  together  with  ftolid  dicfaloropropiomtrile  (p.  736).  In  one  experiment  ths 
iquid  deposited  after  sorae  time,  cubic  cryulals,  C*H'*C1*N'K).3HC1.H'0,  easily  soluble 
ill  water  iind  In  alfohoL 

PRQVTX  or  T»XTYI^  CfT.  Thf  third  of  the  smas  of  alcQhol-wdide*,  OH^*'. 
(S..1-  Tritti.) 

FROPTXiAXVKXWX.     See  TstTTLiUClirB. 

nOPTXSira.     See  Trittlenr. 

VROPTlf  C   AXCOBOX.,  BTKBR,  4us.     See  Trittlic  Axcohol,  Eruzn,  fre. 

VROSOPZTII.  A  minentl  occurring  at  Alt«nbergin  theErzgebirgeincrystaU.inorB 
or  let^s  altered  to  kuolin.  Thf*  nucleiuj,  if  still  unaltered,  it»  eolonrle»  and  tmnspttrent. 
Ik-fore  ihi*  bluwpijkpjt  becomp>  while  and  upuque  vithuut  fusing,  iind  gives  off  Wrtt«r 
antl  hydrufluoric  acid.  It  is  decomposf^d  by  sulphiirii'  ucid.  A  colourlests  specimen  of 
».p*'ciHc  gravity  Z'Sfl  was  found  by  iScheerer  (Pc^.  Ann.  ei.  361)  to  contain  8*96 
liuoride  of  Mlii-on,  42*68  alumina,  22*^8  lime,  0*31  mangHnou»  oxide,  0*25  magnesia. 
UlA  potuih,  jind  looO  water  (  -  9U-83),  from  which  it  is  impossible  to  deduce  a  defi- 
nit**  furmulK.  Accordinp  to  Scheerer'**  moaAnrempnls,  the  rrysfalline  form  of  prosopilo 
approaches  nearly  to  Ihut  of  h<*iivy  hpar.  Dana,  on  the  other  hand  {Mintraiogj/,  \\. 
6u2).  reg'irdtt  it  a.s  more  nearly  allied  xa  datholite.  Brush  (i^ill.  Am.  J.  [3]  xx.  273) 
found  in  violet -coloured  crystnU  of  so-callnd  prowipite  great  direreily  of  form  and 
composition.  Some  were  violet  and  consisted  of  fluor-spar;  olhers  were  white,  soft 
and  opaque,  and  consisted  of  a  bydnit*^  aluminic  silicate, 

PBOTACt^OlV,  A  name  given  by  Liebrcich  to  a  snbatance  bclieredby  him  toba 
the  chief  constituent  of  nervous  tisnif^,  from  which  cerebrin,  myelin,  &c.  are  dereloped. 
To  prepare  it,  braio-subxtance,  freod  a^  much  as  pos^ble  from  blood,  is  reduced  to  a  pulp 
and  treated  with  water  and  ether  at  0°.  From  the  remaining  mass  the  protagon  may 
be  extracted  by  alcohol  of  85  por  cent,  at  45°.  On  cooliug  the  alcoholic  solution  to  0^, 
an  abundoat  precipitate  is  formed  which,  after  being  well  washed  with  ether  aad 
redissolTed  in  warm  alcohol,  crystidlises  on  cooling  in  acicnlar  bundles. 

Protagon  is  colourless,  inodorous,  furarcely  soluble  in  ether,  very  soluble  in  warm 
spirit;  with  water  it  swells  up  to  a  gelatinous  mass,  which  on  further  dilntioo  be- 
comes an  opalescent  fiuid.  Compoeition,  C'H^'N^PO''.  Boiled  with  concentrated 
baryta-water,  it  is  decomposed  into  glycero-phosphoric  acid  and  a  new  base,  neurine. 

M.F. 

MtOTsnr  (TfWTfidv,  "  pre-emtt>enee*')  is  the  name  given  by  Mulder  to  a  produrt 
obtained  by  the  action  of  potash  on  albuminoida.  Ho  considers  protein  to  be  a  deBnite 
compound  forming  the  base  of  all  the  alburotnuids,  and  imagines  that  these  bodies  differ 
from  one  another  only  by  \'arying  quantities  of  tulfiimtde  {NH^yS,  and  phosphimide 
NE»P  (according  to  Mulder  its  formula  -  C^//^*VO*»).  This  ingenious  theory  is. 
buwever,  disproved  by  the  fact  that  protein  is  not  a  homogeneous  compound,  as  has 
beeu  clearly  shown  by  the  exporimeats  of  Liebig  and  hia  pupils ;  in  fact,  it  is  nothing 
more  than  the  albumLnou»  substance  mure  or  less  modified,  and  always  contains  a 
certain  quantity  of  sulphur.  Fur  when  an  albumiooTd  is  dissolvi-d  at  the  common  tem- 
perature in  dilute  potash,  and  the  solution  is  saturated  by  an  acid,  the  precipitate  thus 
formed  (protein  t  contains  the  whole  of  the  sulphur,  not  a  trace  of  which  can  be  detected 
in  the  mothftr-Uquid.  If  concentrated  potnKh  be  employed,  and  the  liquid  heated,  part 
of  the  lulphur  is  removed  from  the  albuminoid,  and  the  solution  beine  saturated  with 
an  acid,  yields  a  proportionally  smaller  pirecipitate,  still  containing  sulphur.  Finally, 
if  the  whole  of  tae  sulphur  be  extracted  from  the  albuminoid,  the  alkaline  solulioa 
rields  no  precipitates  with  acids  (Laskowski).  According  to  Fleitmsnn  and 
Laskowski  the  reaction  takes  place  more  rapidly  in  weak  potash,  if  the  liquid  be 
heated  with  oxide  of  bismuth  or  silver.  Those  oxides  do  not,  however,  rvnoovs  all 
the  sulphur.     All  the  d^Bulphurised  matt«r  appears  to  remain  in  solution. 

The  following  are  analyies  of  the  so-catlea  protein ;  they  will  be  observed  to  differ 
very  little  from  the  composition  of  albumin. 

V<n.  IV.  3  B 
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Ctrixm        ...        54-6        64-4         641         54-7         U-8         Ml 
HydnMi    ...  6-9  71  7-0        .    .  7%  71 

Nkroeea     ...        16^        16'9        16^         .    .         M-S        IM 

Salphsr 1*4  1"* 

Ox^ tl-6         Jl-6 

Oxypr0t€in,  or  binoside  of  pfoCetn,  u  maothcr  of  Molda'f  wii|HMmK  <b«  <s- 
ktenee  of  which  ■e«fiii  u  little  provad  u  thst  of  potcni.  It  iiiiim  umlsfal*  vfan 
terin  la  boiled  with  waUr,  Mid  iuttppoeed  by  Mulacr  to  eooatitttto  thr  — hwr  of  tW 
red  btood-eeUa,  and  to  eater  into  the  oompoaition  of  the  peOide  wfaieb  aifMtaft 
iDlhunnuitory  blood  {Comstuu  in^ammatoire).  According  to  r.  Iak;  it  ia  aleo  ] 
tated.  After  the  proton,  by  the  additioo  of  an  acid  to  the  aofaitks  of  hony  wl 
potaah.  Mulder  fonnd  63*1  per  cenL  C,  89  per  cent  H,  and  14*1  per  eent  H.  and 
07  per  cent  8. 

Mulder  deacribea  aereral  other  aufaatances,  which  do  not  preaent  the  dianaelmalaeiel 
pore  componnda,  e.g.  T^ioxyprot^n  (an  insolable  matter^  erythtm  /■  ttUi  (fed  «s- 
tractive  mattor),  proilMie  (a  Utter,  aoluUe  aabatnoeeX  tulflk^frnUk  meid^  jnffirwaTf 
t/fprotetHf  and  eJuoriU  o/proimm* 

(Mulder,  J.  pr.  Chem.  xri.  139;  xrii.  312.  316;  Ann.  Ch.  Pfawm.  nd.  lit.— 
Liebig,  t^.  Wii.  132.— Fleitmann,  «^.  Ixi.  131.)  C.E.L. 

FKOTBBXT&    Sjn.  with  Vbsvtux. 

VBOno  AOZD.  An  add  exiating,  according  toLimprieht  (Ann.  Ch.  Phara. 
czxviii.  186;  Jahreab.  1M3,  p.  648),  in  the  Beah-joice  of  the  nmA  {ttmeimu 
ruti/us)  to  the  amoont  of  07  per  cent.  W  hen  the  extnct  of  tbr  diopped  flrah  prtparad 
witli  cold  water  ia  freed  from  albumin  by  boiling,  the  ftltrato  precipitated  by  fauyti^ 
water,  ersporated  after  being  freed  from  the  precipitate,  and  agsm  after  ttanding  foe 
48  boura,  to  allow  the  creatine  to  neparate,  and  the  remaining  liquid  caatwoal^ 
mixed  with  an  acid,  it  aoUdifiea  in  eoDtequence  uf  the  separation  of  a  floocnlmt  pceei- 
pitaU,  oonaisting  of  protio  acid.  Tbit  acid  is  an  amber-yellow  brittle  nuaa,  only 
hfiaringly  soluble  in  water,  eren  at  the  boiling  heat ;  ita  aqueous  solution  driea  op  to  a 
geluliuoua  mnas.  It  is  moderately  soluble  in  dilute  acetic,  hydrochloric  or  salpiarie 
iM-id,  mure  eaaily  in  aqueous  ammonia,  ^tash,  soda,  baryta,  or  lime.  The  acetic  add 
wilution  is  nut  precipitat«>d  by  ferrocyanide  of  potaasium  ;  the  aolution  in  ammonia  or 
burrta-wttter  gives  predpitatea  with  most  metallic  aalta.  Protic  add  has  neariy  the 
I'ompotitiun  of  the  protein-compounds.  When  boiled  with  dilute  sulphuric  acid,  it  yields 
H  liugv  quantity  of  leucine,  but  apparently  no  tyrosine.  It  has  not  been  obtained 
from  the  flesh  of  warm-blooded  animals  or  of  herrings,  or  indeed  of  any  fish  excepting 
the  rouch. 


PBOTOBASTXTB.   An  augitic  mineral  occurring,  with  aamthite,  oo  the  eaatera 

declivity  of  the  Badauberg  is  the  Hartc.  it  haa  a  light  browaiah,  or  pveaiah  to 
gruyisb-yellow  colour,  with  a  silky  ^immer,  and  faint  striation.  TnaaloMBt,  or  is 
very  thiu  laminae,  transpurent  f^ibits  two  directiouB  of  cleavage  indined  to  each 
other  at  134°,  like  augite.  Uardnusa  -  6—6.  Specific  gravity  »  3*28.  Tety  thio 
splintcni  melt  before  toe  blowpipe  to  a  greenish-grey  enameL  Two  spedneaa  gave  hj 
aimlyHiH  the  following  reaulta : 

Chrome- 
«IO«.       Al«0».    Co«0".      F«o.       MnO.     C«0.        MsO,         mO.        Iron. 
63-46      3-71      0-89        »64      016      219       30-86       087      0O7     -     100-74 
6416      304      .      .      laMT      .      .      2-37       2837       0-49      .     .     -     ioa'69 
The  chrome-iron  ore  in  the  Arst  specimen  was  mechanically  mixed,  and  remaiBcd 
behind  on  treating  the  silica  with  potash.     The  forrous  oxide  in  the  aeeond  spedaw 
eontaiied  a  small  quantity  of  chromic  oxide.    The  analypen  show  that  the  minanl  it 
an  augit«>  M*O.SiO",  the  silica  being  partly  replaced  by  alumina.   (A.  Strong,  Jahreab. 
1861.  p.  98fi  ;  1862,  pp.  723,  793.) 

FBOTOOATSOKVSO  A<n9,  CH'O*.— An  acid   isomade  with  atym^efk, 

carbohydroquinonic  (iii.  214),  and  hypogallic  adds  (iii.  239),  or  perha;is  identieal  vilh 
the  Utter.  It  is  produced:  1.  Together  with  oxalic  add,  acetic  Acid,  and  huMVi 
substancea,  by  the  action  of  melted  potash  on  piperic  acid  (p.  664): 

C»H'«0*  +   8HK)     -     C^«0*  +   C«HK)«  +  <?H*0»  ♦  CO*  ^.  TH». 

On  slightly  tupfrsaturating  the  ftised  mass  with  sulphtuic  add,  eonombatfqf  nd 
boiling  the  residue  with  Klcohol,  A  solution  of  protocatechuateof  potassium  it  ohwatdL 
Thia  aolution  it  to  be  craporatpd;  the  residue  dis!<oIved  in  watfr;  the  aolvtioa  ved- 
pitatiHl  by  neutral  aottate  of  lead,  the  first  portionn  of  the  predpitatc,  wUn  iff 
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yellow^  bfiing  rejected  ;  and  the  white  flocks  Nubneciiicntl;  precii>itiitM,  aiv  Io  ho  dpcorn- 
posed  by  snlphydric  acid.  Ad  aqaooua  solutiun  in  thub  obttiinud,  vhich^  when  eTap**- 
imtedt  yW(U  protwal^ohuic  acid  in  furcate  proupaof  crydtjlsaudUmimD.  (Strocker, 
Ann.  Ch.  Pharm.  crviii.  280 ;  Gm.  xvi.  238.) 

2.  CAte^hin,  which,  according  to  Kr  Aut.  and  t.  Deld«a  (Ann.  Ch.  Pharm.  czxriii. 
385  ;  Jahrrab.  1863,  p.  389),  [5  iiiorneric  with  piperic  add  [or  ntthfir  diffeni  from  it  by 
1  »t  water,  having  the  compoBil  on  C"H'-0'],  likewi«s  yields  protoc»techuic  acid  by 
fmdon  with  potaiih. 

3.  MdcluriD  (morintAnnic  acid,  iii.  1049),  fusod  with  potuh  is  reaoWed  into  proto- 
caiechuic  acid  and  phloroglacia : 

c'«n"o«  +  H'O    -    c»n-o'  +  c*h*o*. 

1  purl  of  maclarin  is  evaporated  in  a  silror  b&ain  with  a  solution  of  3  parts  potassium- 
hydrate,  till  the  mixture  becompR  pMsty  ;  the  mnjs»  is  then  acidulutea  with  salphuric 
add,  evaporated  to  dryness  and  treatM  with  alcohol,  which  dissolves  both  the  products 
of  the  reaction.  The  alcohol  is  then  distilled  off,  and  the  aqueous  solution  of  tlia 
residue  is  treated  with  neuiral  acetate  of  lead,  which  precipitates  the  protocatechuic 
add,  leaving  phloro^lucin  in  iH^lution.  Tbe  lead-predpitale  in  treated  ai  above. 
(Hlasiwetz  and  Pfaundler,  Ann.  Cb.  Pharm.  cjwvii.  361 ;  Jiihre.«>b.  1863,  p.  593.) 

4.  By  fubing  la^uiaretic  acid,  or  punfiivl  i^natiic- retain  uiUi  pot««b.  (Hlasiwets 
and  Barth,  Ann!  Ch.  Pharm.  cxxx.  346  .  Jahraitb.  1864,  p.  404.) 

Frotocatechuie  acid  crystallises  from  aqueous  solution  m  fuiuite  grouptt  of  cnKlalu 
and  laminie  (Slrecker);  in  thin  prismatic  crystals  ^Hlusiw^Lz  and  P  faun  die  r) ; 
in  tufta  of  needles  belonging  to  the  monoclinic  system  (HlBf>iwets  and  Barth).  The 
crystJiU  (air-dried)  contain  C'H'OMI  0  and  giv^  off  their  I  at.  water  at  lOO""'.  It 
tlissulveg  in  water,  alcohol,  and  erher.  The  aqueon*  solution  is  coloured  dark  blue- 
gniua  by  fprric  chloride,  the  colour  changiog  to  dark  red  on  addition  of  alkalis.  It 
reduces  nitrate  of  silver  with  aid  of  heat,  and  on  addition  of  Hmmooiii.,  but  does  not 
reduce  polasaio-cupric  tartrate  [carbohydroquinooic  add  separatfa  cuproub  oxido  t'rom 
the  latter,  iii.  216J.  The  dehydrated  acid  melts  at  199°,  and  i.s  decomposed  by  dry 
distillation  into  pyrocatechin  (unmixed  with  hvdroquinr^ne)  and  carbonic  anhydride: 
C'H'O*  =  C"H*0*   +   CO'. 

Bfaclurin  (wliich  is  resolved  by  taking  up  the  elements  of  water  into  protocatechoic 
add  and  phlorogluein)  is  converted  by  nas<-ent  hydrogen  erolved  from  sulphuric  acid 
and  zinc,  intomacbromin  C'*H'"0*,tt  white  unci^htallisable  body, which qnickly  tarns 
blue  under  the  influence  of  air,  light,  he&t,  and  oxidising  agents.  It  is  probably  form<  d 
frurn  prutocat&chuic  acid,  according  to  th«>  eqiiatiun. 

2C'H"0'    +    H*     ^     t"H"0*   +    .IH'O. 
By  the  action  of  hydroRcn  in  alkaline  solution,  on  ihp  othrr  hand,  maclurin  isoonTcrted 
into  an  uncrystallisable  body  C'*H'*0*,  probably  loiTned  from  pr»»tooateohuic  add,  as 
phown  by  the  equation  : 

2CH*0'    +    H'     -     C'*H"0*   +    81^0. 
(Hlasiwetz  and  Pfaundler,  Bull  Sw.  Chim.  lfi6o.  ii.  147.) 

Tbti  protocatechuates  assume  ti  tine  violet  colour  whr>n  mixed  with  ferric  salts 
ProtocatechuaU  ofborittm  forms  ct7sirtl»  containing  C"H'"Ra"O*.AH*0  (Hlasiweti 
and  PfaundlerX  and  becoming  anhydrous  at  160<*  (Hlasiwetx  and  Barth). 
—The  cdcium-6<dt  contains  C  *Jl"t:ti"0».4H=0  vHla.*iwetB  and  Pfaundler) 
C'*H'»Ca"0*.3H'0  (Hlasiwetz  and  Bart  hi.— With  solution  of  neutral  Acet&t9  o(  leitH, 

the  aqueous  acid  forms  white  flocks  of  a  basic  salt.  C'*H*f*b'0*.Pb'0.HO,  which  dis- 
solve in  ammonia,  potash,  and  acetic  acid  (St  re  eke  r).  The  latter  solution  when  eva- 
porated deposits  colourless  granuleK  ot'  the  nentml  salt  C'*H**Pb''0''.2H*0,  which  give 
off  their  2at,  water  at  140*',  and  disaolvrwiih  difficulty  in  acetic  acid  (Strecker).  Ac- 
cording to  Hlasiwetz  and  Baith,  the  precipitated  lead-will  coniains  C'*H"PbO'.2Pb'*0. 

FROTO-COBKPOWBS.  The  pnfixjDro/oWHf>  originally  used  to  denote  the  fln4 
of  a  series  of  biniiry  comfounds  arranged  accordins  to  the  number  of  atoms  of  the 
electronegative  element.  In  this  senbe.  cuprous  oxide,  Cu*0,  mercurous  oxide  Hg'*0; 
and  fitADnous  oxide  Sn'O,  would  be  prtftoxidt-a.  At  preaont,  however,  it  i»  most 
commonly  used  to  designate  that  compound  in  aberies  which  contains  1  at.  of  the  electro- 
negative  element,  a  sense  which  ngreea  with  tbe  former  in  most  castes,  but.  not  in  all; 
Btannous  chloride  Sn"Ci'  for  example,  is  a  dichloride  according  to  the  latter  aignificn* 
ttuu,  a  protocliloride  according  to  the  former.     (See  Numjuaclatokk,  p.  123.) 

PKOTOOZVS.  A  granite  orcnrring  in  Mont  Blanc,  consisting  of  quartx,  ortho- 
claat-,  oIi>:uolii^e.  tulc,  and  mica.  (Df  lesbe.  Bull.  Soc.  g^log.  do  hi  France  [2]ri.  23U.) 

PROUBTZTE.     Light  red  Sifver  ore.     Lickter  Botki/ii/tiprrc.     AraenihilhtrhfiRi: 
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A  salphftrteiiite  of  silrer  occojKBg  in  riKKobohednl  erji^aU,  in  vhich  llie  priiMii>«> 
Hxia  of  R  —  0*8076,  Ukd  the  ang^eof  thr  ttfTmiiial  edges  ==  107°  36'.  Thr  domin&ut 
Iftoet  ftre  those  of  the  acmlenohnirmis  B*  and  B^,  comUned  vith  tiie  pium  qcF2  mad. 
other  facv8.  Clefttmge  t^^enbly  dutinet,  psnllel  to  R.  Tvina  are  of  frequent  occur- 
ivnoe.  The  minenlalao  oceun  (^raanlar.  HaKdnees  =^2 — 3-5.  SpeciAe  graritj  » 
5-422 — 0*56.  Lustre  adamantine.  Cdoor  aod  streak  eoduiwal-red.  Sobtmnsparent 
to  spbtranilncwit.  Fraetiire  eoaefacadal  to  nnerai.  Before  the  blovpipe  it  girea  off 
arsenical  fumes  and  on  charroal  nUzmatelj  Icares  a  globule  of  sUrer.  DiasolTes  in 
nirrie  arid.  Qiwrm  br  analysis  19*51  per  rent,  salphnr,  15*09  aneoie,  0*69  antimonj, 
and  64-67  silrer,  agrrring  vearir  with  the  fbrmnla  Ag'AaS*  or  SAg^SJUSP  (H.  Rose. 
Pogg.  Ann.  rr.  473>.  (Wars  in  Saxony  at  Johaniumoigenstadt,  Marieobeirg  and 
Annaberg;  at  Joacfaimathal  in  Bohemia;  Wolfish  in  Baden;  Maikiichen  in  Alsace: 
Chalanchea  in  Danphinf ;  Oimdaleanal  in  Spain ;  also  in  Hexieo  and  Pern. 

VKOVnOB  Otft.    A  name  applied  to  olire  oil  obtained  by  eold  pressure  from 
the  ripe  fruits  immediatelj  ^vr  gathering. 

1  BASV  or  Intrmm  tmhmUtvau    Fused  saltpetm. 

Syn.  vith  Binonix.     (See  Gm,  ii  955.) 

A  gr^Fisb-nolci  rarie^  <d  limestcme,  feom  Fkroe. 

Pfum. — 1.  iVirsic*  domfttka, — Tbe  composition  of  sereral  vaiietiM  of 
plum,  as  determined  by  Frasenios  and  others,  is  given  under  Fkcxt  (ii.  714,  7151 

Ttie  fleehy  part  of  mnaad  phms  has  been  found  by  Pa^f  en  (J.  Pluum.  [S]  XfCf79\ 
to  contain  12*99  per  cent,  vater,  0-73  per  cent,  nitroeen  (in  the  fresh  substance),  and 
2-62  ash  ^in  the  dried  substance^  Aecording  to  W.  Tod  (J.  or.  Chem.  Ixii  503 ; 
Jahrvsb.  1&>4,  p.  665)  frnth  mnsssl  plvms  contain  9-3  per  eent^  fleshy  substance  and 
7  per  oent.  stone.  When  dried  at  100^,  the  fledi  gave  60-7  and  the  itxme  30-9  per  cent. 
v«tcr,  100  parts  of  the  tf<«by  substance  and  of  the  stooes,  both  in  the  fi«ah  si 
^  iclded  the  foUoving  quantities  of  inorganic  eonstitBeBts : 
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-OIS      -Oil       .    .      -IM 
Faisst  fJahreab.  1652,  ol  811X  found  in  dried  Fkcach  mumd  plums  a,  in  Wn 
burg  mussd-plusu  of  the  first  qvaiity  A,  and  of  seeond  quality  e,  the  faQoving  qnaa- 
lities  of  vater,  sugar,  and  scad : 

«.  A  c: 

Water     .        .        .        .        3M  S7-9  37*9  per  tmU 

Si^Ear      .        .        .        .        4«-l  563  47-«        » 

Acid         .        .        .        •  S*5  3-0  3*9        » 

.iaft  qf  ^^^'mbs  Amu  (T.  Richardson).* 


btira 
frulL 

Skia 

1    rw. 

KtfuH. 

skm«f 

Fbtaah 

oTfrsft. 

59-il 

58-86 

S4-59 

S6'5S 

Sl-69 

0-54 

35^ 

8-72 

1-94 

7-69 

Lime. 

lOHH 

8-25 

4-86 

8-49 

38-06 

Magnesia  .        . 

5-46 

9-29 

4-69 

1617 

3-77 

Sulphuric  anhjdMe 

3-63 

1-96 

3-23 

7-11 

6-61   I 

Silicic               » 

2-36 

0-81 

3-15 

2-38 

t-^  1 

Fhospborie      » 

12-26 

9-85 

15-44 

33i»& 

tyu 

terric  jphosphato 

6-04 

7-45 

4*80 

3-83 

4-37 

Chkiridt  of  sodium    < 

trues 

-     • 

0-62 

0-49 

99^74 

99-99 

100-10 

9»98 

16M9 

Ash  percent. 

0-40 

0^   1 
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PRUSSIAN  BLUE. 
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i  iWDt.  K«0  (uritli  a  little  Rodn).  49-20  CaO,  344  MgO.  0-23  F«0,  004  CI.  020  P«0\ 
fV90  Si<V.  and  8&19  CO^     (Kittel,  Jahreab.  Ib68.'p.  625,) 

3.  Pmnus  spinwie. — The  Blackthorn  or  Sloe.  Kipe  sIom,  treat«d  euecessirely  vilh 
different  Holvenlit,  yield  2'^  per  cuuL  matter  snlubla  in  ether  (iron-greening  tannin, 
malic  acid  and  ealeiuni-balls,  waxy  fat,  cblorophjll,  and  a  8mall  qnaiitity  of  TolytiU 
oil) ;  4'8  per  cent,  matter  soluble  in  alcohol  (sugar,  iron-fj^reetiing  tannin,  mali'c  acid 
and  calcium-salta,  rod  colonniiK  matter,  i;roou  reflin);  4*3  percent,  matter  soluble  iu 
vmUt  (guu),  poctin,  malic,  iiulphurio,  laid  pbo»pLoric  Acidji,  combined  with  potash, 
lime,  and  mogneeiA;  oxtrai:tiTe  matter);  1*7  per  cent,  voluble  in  hrdrochlorlc 
u'*id  (ferric  gallate,  malttr  converted  into  burnous  substance,  calcic  ana  magnaoic 
phniiphatrs) ;  16']  per  cenL  ri>^etiible  fibre  (to^Eethar  vith  the  atnnea,  tbe  kemela 
of  which  when  troat«<l  vitli  WHter  yielded  prueaic  tic-id);  and  TO'l*  per  cent,  vuler. 
Tho  colour  of  the  ripe  fruit  is  due  to  n  purple-red  aubutance  sep&rmted  on  the  inner 
Burfitce  of  lite  bkin,  and  af^reeing  in  all  essential  characters  trith  the  red  colouring 
matter  of  tlifl  gr^ipo.  (J.  B.  Enx,  Jahresb.  1857,  p.  628). — According  loScLfciner, 
ihid.  1866,  691),  ^|neft  contain  malic  acid,  tartaric  acid,  and  an  iron-greening  tannic 
acid.  The  fr«5h  fruit  yi(>lded  65*4  per  cent,  vater,  and  0*7'i  per  cent,  ash,  containing 
3-48  K»0.  4  3  NaU.  9  6  OaO,  6*2  MgO,  0*9  FeH)*,  trace  of  3InO,  O'o  AJ=0*,  9*3  CI, 
1-8  SO*,  lO-.i  I'O*,  7  0  aJO«  and  24*1  CO^ 

y&VSSZAX'  B&tnt.  Berlinerhlau.  Bh^  dn  PrUAsr,  Bhu  df  P/rru— This 
well-known  blup  pigment  conaistt  e^^ipntijilly  of  hydrati^l  ferric  ferrocyanidf. 
Fe'Cy'M8H-0  «  (Fe"')*tKe'Cy*)".18H'0,  pfncrally  mixed  irith  rarying  qunnt'itie*  of 
potiissio- ferrous  ferrinrauide,  Kl'VCy*  =  (KKe'')Ke"'ry*. — It  was  accidentally  di**- 
coverrd  in  1704  by  I*io«bach,  ti  colour-mnkcr  in  B^-rlir,  who  WJiji  prcpu-ing  Klorentiho 
lake  by  ttd*ling  rarbonalr  of  pota>«ium  to  a  decoL'tion  of  coL-binPnl  mix«^  with  alum 
and  ferrous  Riilphatc,  and  ubmI  for  the  purp<i»c.  aniilknli  over  wlin-h  the  enipyrcumnlic 
oil  of  blood  hwrl  been  rfctified  for  tho  preparitlion  nf  Dippi'l's  iinimal  oil.  On  I'X- 
amining  the  cunditions  of  its  fornintif>n,  it  was  funiid  Ibat  \X\v  blue  culour  could  Iw 
produciK]  by  calcining  blood  with  potash,  and  preoipi tilting  the  ley  thus  obtained  with 
f'rrmiH  sulphsito.  A  more  exiict  dirertinn  fur  it«  prep4imtion  was  firot  given  b> 
Woodward  of  London  in  1724.  He  rleflngrafcd  oqual  p«rts  of  tartar  and  !*alt[x»tri*, 
calcined  the  r^nidue  with  dried  ox-hltjod,  and  precipitat4'd  tlie  resulting  alkaliue  li'V 
with  ferrous  Milpbate  and  uluiii,  wlier^^by  a  greuuijih  precipitate  whs  obtaiuetl,  wbirn 
turned  blue  when  treated  with  hj'drochloric  acid. 

Pure  ferric  ferrocyanide  cun  be  obtained  by  only  one  proccsH,  mtmrly,  by  mixing  a 
ferric  salt  with  «:>lution  of  ferrocyunideof  potawium,  kr^ping  tlie  foiiner  in  cxcoiifi,  tht-n 
washing  and  drying  tite  precipitate.  The  product  thus  obtained,  which  has  a  splendid 
dark  blue  colciur,  i.-*  i/ften  called  Pari^  hfur. 

For  preparaiiou  on  the  large  scale,  however,  it  is  cusioraHry  to  use,  instead  of  a 
pui^  forric  salt,  a  solution  of  ferrons  Hulphjite  (copperas)  which  has  been  partially 
oxidised  by  exjw,}<ut\'  to  the  nir,  and  eubje<.l  the  r<*suhing  bluish-white  precipitate  lo 
tho  action  nf  oridtsing  agents.  The  prnduct  thns  obtained  is,  as  alroaay  observed,  a 
nnitureof  fernc  forrocj'anide  with  potassio- ferrous  forricyanide  (ii.  228).  A  common 
niivle  of  prucLtKliiig  vh  to  mix  solutions  of  lUO  pta.  ferrucy;iiiide  of  potassium  and  8't 
ferrous  Hulphat«  at  the  ordinary  temperature,  wash  tho  precipitate  with  wuter;  heat  it 
with  water  to  the  (wiling  point,  ndd  30  pts.  nUrie  add  of  28*^  Bm.,  nnd  fmm  lA  lo  30 
ptn.  oil  of  vitriol,  tb^n  wash  thn  precipitate  and  diy  it  by  beat.  (Gentele,  iJingl. 
polyt,  J.  Ixi,  4o2.) 

Tiiis  process  do<s  not,  however,  yield  a  vcr)'fliie  blue.  A  better  product  isobt.iinnl 
by  oxidising  the  white  precipitate :  a.  "With  nitro-tnunatie  acid. — b.  With  fema 
cltloridr^  which  is  thereby  reduced  to  ferrous  chlorirlo,  and  may  be  nsod  again  for 
pm-ipitating  a  wilution  of  the  ferrocyanide.  The  solution  of  ferric  chloride  msy  bo 
prepared  by  digesting  red  or  brown  natmatite,  free  from  lime  and  clay,  or  the  basie 
ferric  Hulphmt*  obtained  as  a  residue  iu  the  proparatinii  of  Nordbausen  sulphuric  i\tii\, 
in  frudo  Iiydrcchloric  acid.  The  white  precipitate, atu-r  tiltnitiou,  and  while  sliU  of  a 
pasty  consisteuce,  is  heated  in  a  copper  vessollo  the  btiiling  heat,  thon  quickly  turneH 
out  into  a  tub,  and  well  mixed  by  stirring'withthr  nnlution  of  ferric  chloride  till  it 
hiui  acquired  iIb  full  depth  of  colour.  The  liquid,  which  conlaiuH  ferric  as  well  hs 
ferrtius  cEduride,  is  separated  by  BiLration  or  decantation,  and  digested  with  pieces  of 
iron  to  reduce  it  c'oniph'tely  to  ferrous  chloride. 

c.  By  u  solution  ot  /natigunic chloride^  which  i-  thereby  ruduced  to  manganouh  cbloi-ldr. 
The  economy  of  this  method  depends  upon  local  cinumstances.  A«  the  commercial 
value  of  mnngiincse-"!^  dppnpnds  upon  The  prop<jrtinn  uf  perr.xide.  MnO*.  whi<h  iht-y 
contain,  and  in  rlic  common  ores  this  oxide  is  oftrii  iiiixnil  wilji  a  considerable  qui*itity 
of  nmngniMu  oxide,  which  may  be  extracted  by  cold  hydr-^chloric  acid  in  the  form  of 
manganic  chloride,  this  treatment  may  be  appliixl  so  aj  aciually  to  incrraee  the  valuo 
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of  tht  ores  (th&t  is,  their  chlorine-producing  power),  and  at  the  uune  Ume  obtain  a 
solution  adapted  for  conrerting  the  white  precipitate  into  Prussian  blue. 

d.  Bjr  chrvmic  neid.  —The  white  precipitate  is  heated  to  the  boUing  temparatore, 
and  mixed  with  an  oxidising  liquid  prepared  b^  dissolving  10  pts.  didiromata  of 
potasffium  in  10  pts.  hot  water,  and  adding  to  it  when  cold  13|  pta.  oil  of  Titricd,  tm 
It  has  acquired  its  fbll  depth  of  colour.  The  chromic  add  is  thereby  reduced  to 
diromic  oxide,  a  compound  which  possessea  considerable  Talue  as  a  colonring  ssattBr. 

Whatever  be  the  oxidising  agent  used,  it  is  essential  to  the  prodQCti<m  of  a  fint 
colour  that  the  white  precipitate  be  converted  into  Prussian  blue  entireljbyiti  ignc^f 
and  not  by  atmospheric  oxidation.  For  this  reason  the  ferrous  sulphate  must  be  sb 
free  as  possible  from  ferric  salt,  which  end  is  best  attained  by  placing  some  scraps  of 
metallic  iron  in  the  vessel  in  which  the  solution  ia  left  to  clari^  before  use,  by  iriiidt 
also  any  copper  that  it  mav  contain  is  precipitated ;  and  the  white  precuntata,  as  sooo 
as  formed,  must  be  filtered  as  quickly  as  possible,  and  immediately  subjected  to  tfas 
action  of  ^e  oxidising  liquid,  iyf  ^guet  b  JahrtMberkM  dtr  ChemiacheH  TeekiuilogiB, 
1855,  p.  88.) 

Common  or  basic  Prussian  blue  is  an  inferior  article  prepared  hy  the  fbUowiog 
process,  which  is  the  oldest  of  all  the  methods.  A  solution  of  1  pt.  fbnous  sulphate 
and  2  to  4  pts.  alum  is  precipitated  by  solution  of  ferro^anide  of  potassium  prepared 
as  described  under  CrAirxDas  (iii.  231),  and  the  dark-coloured  predpitata,  consistu^  of 
a  mixture  of  alumina,  ferrocyanide  ot  iron  and  potassium,  and  hyorated  suhihide  of 
iron,  is  washed  with  cold  water,  till  by  the  action  of  the  air,  the  aulphkle  of  iron  ii 
converted  into  ferrous  sulphate,  and  nwied  away,  and  the  potassio-ferroua  ferro^- 
anide  is  converted,  with  loss  of  ferrocyanide  of  potassium  (ii.  228^,  into  Pznssiatt  bma 
The  chief  use  of  the  alum  is  to  saturate  the  firee  alkali  contained  in  the  crude  aolutirai 
of  the  yellow  prussiate,  and  prevent  it  from  forming  a  precipitate  of  oxide  of  iron, 
which  by  its  red-brown  colour  would  spoil  the  blue.  The  precipitated  alumina  reodert 
the  blue  paler,  but  on  the  other  hand,  it  adds  to  the  weight  of  the  prodncL  PmssiaB 
blue  thus  prepared  may  be  freed  from  the  greatw  part  of  the  alumina,  basic  fonic 
sulphate,  potastiium-Balta,  and  other  impurities,  bv  digestion  with  dilute  sulphuric  acid, 
ana  subsequent  washing  (Turner) ;  or  by  dissolving  it  in  strons  sul]^une  acid,  pre- 
cipitating with  water,  then  digesting  it  iu  hydrochloric  acid,  and  again  washing  with 
water.    (Berielius,  Lekrhuek.) 

Attempts  have  been  made  to  utilise  the  waste  lime  and  lime-li^nors  of  gas  works 
for  the  preparation  of  yellow  prussiate  and  Prussian  blue.  Tbu  ^-lime  containa 
cyanide  of  oUdum  and  (rranide  of  ammonium,  us  well  as  free. ammonia.  The  latter  is 
expelled  by  the  action  of  steam;  the  residue  is  lixiviated  with  water;  and  the  solu- 
tion, which  contains  the  cyanides,  is  converted  by  addition  of  iron-salts  into  fsnocy- 
anides  and  Prussian  blue.  A  patent  for  this  use  of  gas  lime  was  taken  out  in  this 
country  by  Mr.  Spenee  in  1837,  and  a  similar  process  was  patented  in  France  hy 
Krafft  in  1836  (Dingl.  polyt  J.  cxxxv.  393).  According  to  Krafft,  1,000  pounds 
of  gas-lime  may  be  made  to  yield  from  12  to  15  pounds  of  Prussian  blue  and  16  to  SO 
pounds  of  ammonia-salts. 

According  to  Fob  1  (J.  pr.  Chim.  Ixiii.  382),  Prussian  bine  is  sometimes  adulterated 
with  starch  turned  blue  by  iodine.  This  (somewhat  improbable)  adulteration  may 
be  detected,  if  in  large  quantity,  by  the  smell  of  hydriodic  acid  emitted  on  boilii^  the 
substance  with  water,  and  if  in  smaller  quantity,  by  holding  in  the  mouth  otf  the  test- 
tube  in  which  the  Prussian  blue  is  boil^  a  strip  of  starched  paper  moistened  with 
very  dilute  hydrochlorie  add ;  if  iodine  is  present  the  paper  will  be  turned  bfam. 
Prassian  blue  u  sometimes  also  adultemtad  with  chalk,  gypsum  and  clay. 

PropertitB. — Pure  Prussian  blue  has  a  vny  dark  blue  oolour.  It  usually  occurs  in 
hard  rarittle  lumps  having  a  coppery  lustre  and  conchoidsl  fracture.  It  is  very  lign^ro- 
seopic,  inodorous,  tssteless  and  not  poisonous.  When  contaminated  with  alnauna, 
clay,  &c,  it  has  a  paler  colour  and  more  earthy  fracture.  As  a  pigment,  IVnssian  blue 
possesses  great  body  and  covering  power.  It  is  extensively  used  both  alone  and  mixed 
with  other  colours.  With  chrome-yellow  it  forms  a  delicate  green  ealled  grmi 
dnnaba/r.  Bespecting  the  reactions  of  Prussian  blue,  see  Ctakidbs  or  Ibov 
(ii.  228). 

VXV88IC  ACZB.  Syn.  with  Htdboctajoc  Acm  and  Ctaiodb  of  HTDSOoDr 
(n.  2U). 

VKUBSnf  or  /VitsMOii.  A  name  applied  by  Graham  to  a  hypothetical  radicle, 
C*N*  —  Cy*  or  Pr,  polymeric  with  cyanogen,  which  may  be  supposed  to  exist  in  the 
ferro-and  ferricvanides ;  €.g,  [Fe^-  28],  lerroprussio  add  »  (H\Fe)Pr ;  ferzicyattide  of 
potassium,  (K'Fe')Pr,  ikz,  &c 

A  name  sometimes  applied  to  blende,  Zn*S ;  also  to  a  varied 
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of  gothit«,  Fo'OMf'O,  cii}M  also  mmmft-hlmde,  both  of  which  occnr  at  Pnibrmm  in 
Bohemia. 

VSATTSXW.     8yD.  vith  HASTtH  (iii.  U). 

VBKU90-AGBTXC  JLCXD.    Sjn.  irith  Bmnucsnc  iLciD  (i.  088). 

VSXTTSO-AXiBZTX.     Syn.  with  AwDBsni  (i.  291). 

»B»l7llo- A T.y  ft  WWXW,     Syn.  with  ANcavsiif  (i.  200). 

VSaiTBO-AyATZTB.    Opaqne  crysUli  of  putinlly  dfooinpoeod  apntito  from  the 

ChurprioE  mine  c.-ir  Krriberg'. 

VaX!Tn>OBTTTTX.XC    AX-OOHOI^      Soe  TbtrTUC  Alcoholh. 
FSfiUSOCHRTSOLITlL     A  grt>ea  obdidinn  from  Moldmthpia  in  Bohemia. 
VSauSOCmtAXir*     A  name  given  by  Warington  luid  Fnacis  to  an  amorpbons 

Df^utriil  fatty  ^utffittince  obtained  by  Mpoaifying  b«#iswax  wtth  potaah.  and  prMnpiUtiog 
with  an  acirL     (Uiindw.  d.  Chera.  ti.  66'i.) 

PSavoOCUSASm.  (J.  Lakowski.  lUp.  Chim.  app.  iii.  77.)-An  alkstoid 
obtaiaed,  togetlier  with  olcaodrine,  fruin  the  leaT<^  and  bmnches  of  the  oleand(*r. 
(AVntFH  Oleander).  By  exactly  precipitating  the  cuncentrated  aqueouB  dococrtion  with 
Unnic  ucid,  waabinc  the  prwipitate  with  h  htlip  cold  WHtfr,  and  then  trcHhng  it  with 
aqui'ouj  tannic  acid  for  a  short  time  only,  lannate  of  pseudu-cumrine  is  ol'tain^d 
iu  solutioUf  while  taiinate  of  oIr>andrine  remains  bfhlud. 

The  froltitioD  of  the  former  is  boilt'd  with  finely  pulverieod  litbarg^,  the  filtmle 
evapomtwl  nearly  to  dryneM,  the  reaiilu**  fre«l  from  oleandrine  by  ether,  and  thp  por- 
tion inMtluble  id  that  liquid  la  diBsolved  by  alcohol. 

Ou  evjipumtiag  the  alcobotic  eolutioD,  pscado-cararine  remains  as  n  yellowish, 
tiifcttrletfs,  inodoroua  TtLrniiih,  rer}'  wlublt*  in  w^t^r  and  in  alcuhol.  insolabU-  in  ethrr. 
and  utMi-rolatUtv  It  a^ntraliB^  strong  aoidn,  but  dut«  not  form  crybtalliaablc  bmUa. 
The  aolmionei  arc  precipitated  by  mercuric  and  pltitinic  chlorides.  Peeudo-curariua 
appeartt  to  have  no  action  on  the  animal  organism. 

The  tanii:it4-  of  olnandrioa  letl  uudiBBolvud  as  altuve  is  taken  op  by  ethfT  ;  and  the 
solution  iH  tr)>at4>d  with  quicklime,  which  precipitate^  tannic  acid  and  chlorophyll.  On 
Wving  the  tiliratH  to  evaporate,  oteandri  ne  ii  obtained  u  a  slightly  yelloHibh  reci- 
noas,  very  bitter  substance,  aligliflj  soIubl<^  in  water,  easily  soluble  in  alcohul  und  m 
Pther.  It  appears  Co  form  unm-stailisHblc  (^a)lfl,  thc.'M>luuons  of  which  are  pr«*cipital*ii 
by  thfl  (^blondes  of  gold  and  platinum.  Ole-aadrinc  ocIh  as  a  local  irritant,  pniduriiii; 
violent  BDcezing,  vomiting,  purging,  itnd  intprmittent  tetanus,  Bomctimm  with  fstHl 
results.  When  injected  into  the  jugular  vein  of  a  dog  or  a  rabbit  it  quickly  destroys 
life. 

FSST7XIOX»XAX.&TIr-AXCOH03*.     See  8R00NT>aBT  AXOOHOLS. 

P6EV90-BXTT9KZW,     An  old  mime  of  ethylic  oreelliuate  (p.  238). 

PSEimoaK3ftYX-AXiCOHOL    or   Diall^lic    Monoh/dralr.       See    SscoNOaKT 

PBBV90-nxTX*Q&TC0&  or  DuUlyOe  DiMydra/r.  See  SaooXDAMY  Alojhols. 
PSSTTSOX.EUCnVE.     See  LaiciXB  (iii.  582). 

PSEUDOUBXTHznrXTB.      Cu'FO*.CuHH)Ml'0.      (Sr«    PHospBATaa    ov 

COPFKB,  p.  6t)l.) 

PSavaOBCA&ACBXTS.       Syn.     with     PBOSPUOCAriTrB.      Ctt*P*0*  3CuIP0* 

(p.  561). 

PSBinkOKOXPH.  A  mineral  having  a  definite  form,  beloof^n^,  not  to  the 
substance  of  which  it  actually  consists,  but  to  some  other  sub«t«nce  which  has 
wholly  or  partly  disappeared.  Pseudomorphs  have  been  classed  under  foor  principal 
heads: — 

1.  PwudaTnorphs  hydttratu^  :  tho»e  formed  by  a  gradual  change  of  composltioo  ia 
the  apedea,  as  when  augite  is  altered  to  steatite. 

2.  By  mibsHtution :  those  formed  by  the  replacement  of  a  mineral  or  other  subatancn 
which  has  been  removed,  or  is  gradually  undergoing  removal ;  r  g.  the  petrification  of 
wood. 

3.  By  incr^tstration  :  those  formed  by  the  incrostiation  of  a  crystal,  which  may  be 
iubdeqnently  dissolved  away,  the  cavUp  otlen  being  sub-Heqnently  Ailed  by  inBitmtion  ; 
e.g.  the  change  of  fluor-8i>ar  to  quarts, 

4.  By  parannnykijrm :  those  formini  whm  a  mincnti  pa^Mfl  from  one  dimorpUous 
Btai<!  to  another;  rg.  ohaoge  of  arr.«p?nitt'  to  caJcspar.  (Sen  Oboloot,  Cufciiii>TKv  o>, 
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«f  ^■ffcijiwffcr^  N<>  jf  ■  M  .  nrnk.  or  ^uaL'om.  amnhiir  iSnat  i*-  ■'  fftf  Jiufcrfft.  aad 
«ft«x  aepaxacc  '«  rSie  <mia  mAem  it  -im  pEaaa.  v  oi  >i.«s'4i  ami  OnrpteruL 

Ikt  Mgynujig   cf  F-'*''i|r'^  lAaHavrvaairtt  .     I::  3t  irrii^.  anttauvB  to  libr   tooeh, 

Imb  ^  -xaav^tt  fsitsaT? ;  iaris^  =  ^^  aaif  loaaAe  .ca-rJ>  =i.  l^MB.     Tvo  analj^MU, 

«b7  Ta>ascx  i  ~^j  B.^a^j  (Z£:x—  z!l1.  •.  liliil.  xn.  m  •  pern: 

iM*         A.?tc:^.       c^o.        BreL      *««x        btcl 

m.         4t-W        23^»        S-ftl        <;<         4^:i         SVrSt     -     l»Jt 

4.         4iT»         22-iJ         i^«         «?!         «i:         L»-«     «     S»«> 

■pfeiH^  -nrfV-  *Jbe  BiisraKcpe  To  ^Muivc  df  ir-vnucL.  "Tfciiwiwf,  o^t^nftl&ae  TamiiMi 
wad  naaZ.  pTsai'^dAl  ;-:ar*x-£7T'i£u.  B«tf:r«  ^»  ^wvrip*  x  lidns  te  ^rvnaeb  eok«r, 
■ad  IK  mmJH  pKcn  awio  ^uCt  a»  a  sGuit  TXr^nM*  wttiTTih  vaflk  ilmmlif  Co 
Terrcil  Gw;^.  neml  Si  I3>  1:  ecBdaft'si-M  3«r  ««ac  i&a^  a^MahwaB,  I'M 
fRne  f^xuV,  0-T7  bee,  I  21  — zmritJ,  xbl  trm  pocaab.  «ts&  a  tzaa  of  aoda 
(«  !»•«.. 

VSBVB0MXXS&  Tb«  a^ae  ^T^^c^  -5  Brwaiv  to  a  i|ft«  jaOov  wmamm 
^ssu^A  fre^Arad  ftv^a  c^ilkicasa  >an«».  iK^^m  m  vaecr  aad  aqacoaa  aWnftnl,  iaMt»- 
lai!*  ia  «ca*r  aad  is  arwAmr  a><Ja^i',  ^eracpttased  bv  LJartaga  of  nOii  aad  anpfai*  of 
kaii.  «iu»7*^  znwn  by  irna-faltA.  I:  2*  aoc  a  p«=v  wgaririf  jad  d««a  ita  puiattonai 
a^tica  to  r*A  ^^a^ma,  of  acn{A2<e.    1  Haaiiv.  n.  <8X> 

y >■— -irBJC AdB, CHy*^.  i5v-&Ii«p«raidBaT«=.lMtiLlM0LpLl8S; 

J«ar4^.  :#«>•>.  p.  Xl'.; — Aa  a£^  ee<ai»Hi  \^  ^  MSCfia  <f  pmoiioM  ijiarti  oa 
daiozaauic  vraaui .  Its  |«<i»iato  I'l  s  ^ffosfiml  ia  ifaa  iijitolT'iai  fcra  ahta 
dialiC7as>ii»  :r  Tunr^Xii-*  -j  b**f<d  arti.  *x'*s*  -.'f  ^-Cxsizis^eTaaal'  riH  ihit  hqaM)  ao 
Img9  tar:?*  ?^  ca  •xpr*".?-  -.-  0»  air ;  it**  ca  •n^Viap  -Jw  MiiackTa  ,rf  t^  m-rrataUispd 
■a^  ia  Kr4Ai:-VTwaEfc*j|T-ir-<-'.-ne*'vL*b»rs.p»^>^^  acid  is prtn^itaCfti  a- a  wliilo 
OT^a^_»>  pov^  aad^  *:r  :?  saall  /iiimri.  It  <&>-«  acC  1m»  vtofftft  at  SeO°»  » 
Caa^ri*^  ae•^  *^' jS,  .■.■aK  t^tt  «?tffKtH-  W-****  -«  w»t>PT  ^^  aanlT  loSablr  ia  famrfic 
!*  d«r:spoM«  carftf  ■?<■»  aad  aoKat^  oai  wi^iTj  jrioUft  aUoBOB  vhro 
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trf&t»d  with  nitric  acid.  When  siupended  in  water  and  heated  with  peroxide  of  lead, 
it  gires  off  carbonic  anhydride,  and  yields  oiolate  and  pseudo-tinte  of  l«ad,  bat  ik> 
aliantoin ;  the  mothpr-Uquors  probably  contain  oxalurate  of  lead  aa  well  a«  area. 

The  paendo-urates  arc  easily  obtained  by  the  action  of  the  acid  on  the  cor- 
responding  hydrates,  carbouates,  or  acetates;  or  they  may  be  produced  directly  by  the 
actioa  of  diiiluramide  on  the  corresponding  cyanates. 

The  amjnonium^fdt,  C»H»(NH')N'0'.Ep0.  cryiitallises  from  the  solution  of  the  acid 
in  hot  dilute  ammonia,  tn  small  Umiofe  or  bulky  needles,  which  are  not  more  soluble  ia 
strong  than  in  dilute  ammonia,  and  do  not  take  ap  an  additional  quantity  of  ammonia. 
It  does  not  give  up  it*  crjaLalliBalion-watpr  till  heated  above  100°  ;  at  130°  it  turns 
red  and  gives  off  ammonia. — The  etht/famint-  and  ant/tn^-W/^rPsomble  theammonium- 
aalt.— The  pofaMtum-mft,  CH*KN*0*.H'0.  forms  small  shining  scales  which  do  not 
give  up  their  wat^r  till  heated  above  140°,  and  decompose  and  turn  n-d  at  180°. — 
The  acdiumsalt,  C'H*NaN*0*.2H»0,  forms  cauliflower-like  groups  of  prisms,  easily 
soluble  in  hot  water,  and  giving  off  their  water  of  crystullisation  at  140^.  From  its 
solution  in  caustio  soda  it  separates  in  the  amorphous  state,  but  without  change  of 
composition. 

The  barium-9alt,  C'*H'*Ba*Ti»0*.6H'0,  form.<*  spherical  groups  of  long  slender 
needles. — The  caiciutn-sah  is  obtained  in  fine  prisms  on  precipitating  the  oolation  of 
either  of  the  alkali-metal  salts  with  chloride  of  calcium. 

The  cttpric,  mercurotu,  mercuric,  aud  lead-salts  are  also  crystullisable,  the  last  with 
1  at.  wj.ter  ;  the  silver-sail  is  very  easily  decomposible. 

PSBirsoVHmATAZVX.  C'*H*«NK>'7— A  reflinons  substance  obtained  from 
sabadilla-seeds:  also  called  Veratr'm-rs»m,  and  HtUtu ins  {from  Heionias  officinalis^  the 
plant  supposed  to  yield  these  seeds).  It  is  prepared  by  treating  the  alcoholic  extract 
of  the  seeds  ^th  water  roDtaining  sulphiuric  acid,  adding  nitric  acid  by  drops  to  the  acid 
liquid,  dfcanting  the  sulutiou  from  uie  pitchy  substance  thereby  sepaiatad,  and  pre- 
cipitating with  potash.  The  resulting  precipitate  is  dissolved  in  aloobol,  and  the 
yellow  msinoun  mais  which  remains  on  evaporating  off  the  alcohol,  ia  treat«d  with 
water  to  extract  Babadilline,  and  with  eth^r  to  extract  veratrine.  Fseudoverairine  then 
remains  behind.  It  is  a  brown  sahetance,  solid  at  ordinary  temperatures,  melting  at 
185^,  and  decomposing  at  a  higher  temperature,  with  evolution  of  nitrogenous  pro- 
ducts. It  is  soluble  in  alcohol,  insoluble  m  water  and  in  ether.  It  dissolves  io  acids, 
but  does  not  neutralise  Ihem.     (Couerbe,  Ana.  Gh.  Phys.  [2]  lii.  352.) 

PSZliOMllXJUrs.     See  Manoaxksb,  Oxides  or  (iii.  612). 

PBOK&l*£A.  The  undried  root  of  Paomlea  esctdsnta  contains  0*tf3  nitrogen  and 
1-67  ash  (Paycn,  Jahretib.  1849,  p.  70S),~^Psoraiea  glandulosa  est  Ilex  pgra/fuaysnsis 
is  the  plant  whose  dried  leaves  yield  Piiraguay-tea  (p.  349).  Acconliug  tn  Leuobl  e 
(J.  Pharm.  [31  xviii.  19&),  this  Bubstance  contains  a  peculiar  crysliiUiaahle  nitron- 
nous  body  which  ho  laills  paoratJifie  ;  but  it  is  doubtless  identical  with  caffeine,  which 
has  been  shown  by  Steohouse  to  exist  in  the  dried  leaves  to  the  amount  of  I'l  to  1*2 
per  cent. 

VTB&SIX.  O'H'. — A  radicle  Huppoeed  by  Kane  to  exist  in  the  mesitylene- 
compouads:  thus,  trichloromesitylene  C'H»Cl'  was  regarded  as  chloride  of  pteleyl. 
C»H«C1. 

rTVRXTAxnfXO  ACID.  C^'H^'O"?  (Luck,  Jahrb.  pr.  Pharm.  xxii.  178; 
Gm.  IV.  60O.) — An  acid  contained,  together  with  tannaspidic  acid,  in  the  root  of 
Aspidiutn  FUix  mtu.  Wlion  iho  cnars*'ly  pounded  root  is  boiled  with  alcohol  of  75  to 
80  per  cent,  and  the  decoction  is  raix'>d  with  water,  a  small  quantity  of  hydrochloric 
acia,  and  pulvcnswl  sulphatf  of  sodium,  a  precipitate  is  formed  containing  the  two 
acids.  This  prpcipitate  la  collected,  washed  with  solution  of  sodic  sulphate,  pressed, 
again  triturated  wiih  water,  and  dipocted  for  half  an  hour  at  60"— 80^  with  wat^r 
containing  hvdrochloric  acid,  whereby  ammonia  and  ether  bases  are  removed.  The 
residue  waahfd  with  water,  dried,  Hud  exhanst-cd  with  ether  frpp  from  alcohol,  yields  a 
BoLutton  of  plrritannip  acid  and  a  rosidnc  of  lanna.-'pidic  jwrid.  The  ethereal  solution 
leaves  on  evaporation  a  black-brown  residue,  whidi  is  digested  with  distilled  mineral 
naphtha  as  lung  as  the  oil  is  tht-reby  coloured  brown.  The  uwiisBolvei!  powder  is 
coiWted,  pn-es'-d,  tritumlod  and  boilial  with  Wiiter,  the  resinous  cuke  is  dissolved  in 
el  her,  and  the  Bolution  ib  maporated. 

Pteritannio  acid  thus  obtained  is  a  blm-k-brown.  amorphous,  shining raass,  vieldinga 
ikwn-coloured  elpL'tric  puwdpr.  It  is  toKteloss,  but  has  a  faint  otlour  and  slight  «cid 
renction  ;  insoluble  in  wnt^r,  but  soluble  in  »lr«hot  and  ether.  The  alcoholic  soliitinn 
fnrnui  brown  procipitatea  with  the  chlorides  of  barium  and  caUinm,  and  pD?en  precipi- 
tates with  ferrous  and  ferric  salts.  With  b;mic  sci^titte  of  lead  or  with  excMS  of  the 
jioutral  acetate,  it  forms  a  precipitat*  containing  C*'II-'*rb"0*,  and  the  li^iiud  filtered 
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Tie  not-faftrk  of  tfe  j  i  j^i  ■  '■  {f^mm  rii^M>ywifci 
Bkr-driad,  l>-»  ptr  ent.  Bad  vImb  dried  «s  1«F.  !>«:  pv  ecaft.  aA.  coBtai 
4-74  KH>  (With  rratt  of  «oda  .  4S^7  CbO.  1-M  HgO,  •'7«F««0».t-llPO',3-t9S 
C^M  »>•.  0-44  a  ftDd  M7S  <XF.    «Sps««s.Jftfe«riiLl8M,p.MiL) 

FUJilCU.     Aft  aaid  BBemumaaUt  f«2«Bac«  ofaCaiBed  bnm  tbt  baifc  ol  tk 
>ti««.    '^Bisbiai.  J-Fbftrv-[3]T.  »S.) 

Se*  AxzuxB-DTBft  Bwitr  PBHXTLUOn  (pL  466). 
See  Gou»rr»u  in.  tS8\ 
VmnagmUd  Cofftr.     fivAneiCt.    A   aathc  ia!pllid«  of 
I  ^'^PV  aad  bcA  ( ii.  78>. 

I     I  WBV1«  OKVVXar.    A  tant  actibad  bvStok«*iPRie.Boj.  8ocziu.S67) 

I     j  to  tbc  eofaviac  matter  (cTBoriB>  of  tbe  blood  vbca  pftiPaPy  deoi iJiaed ;  in  itm  man 

I     1  hUt^y  *mdkmi  etatft,  it  u  called  iCBKitf  cnwrta. 

WBWBAnB.  8che«!«-,  kb  1776.  ulagi »» J  that  thr  lolatiaa  of  aric  acid  b 
aitric  add  redd«sicd  the  vkm  and  left  a  dn^red  rwdtte  vhm  •ff^oratod.  Froat, 
in  1919,  obCahx^  thia  cnlooring  atatta-  in  the  errstftUine  foes,  and  rrgardcd  it  aatba 
aanooiam-wh  of  a  pmOiar  acid.  pmr^mHe  'meii:  hv  do«bl«  decooqMeition  be 
eaen^wW  iu  obuiaing  other  ineullic  pnrpvntra,  vlurfa  w«»  itBilarly  coloured.  He 
ni^rded  tb**  coIonHcfta  sabeUace  vfaicb  is  arpftimiMi  bwvnrpmnie  of  aaaioniaiB  bjr 
•^roag  acida(marex«zi)asfurpahcacid.    Liebig  and  WohUr  (Abb.  CIl  Fliam. 
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.mzvi.  810),  showed  that  FMut's  pnrpnrio  acid  did  not  poesew  the  prupertj  of  fon&iog 
eoloored  ulU,  and  so  oonld  not  be  oonsidered  aa  tha  acid  of  the  |mrpimtefl;  fbrtheTf 
they  regarded  Piout'a  oompoond,  not  aa  an  ammoiuum-aalt  but  aa  an  amide,  and  pro- 
poeed  tu  deaignate  it  murexide.  Later  reBeurches.  howerer,  bj  Fritiaohe  (J.  (v. 
Chem.  xri.  380;  zvii.  42),  and  Beilatein  (Ann.  Ch.  Fharm.  crii  176X  tend  to  ee- 
tabliah  it  u  a  tme  ammoninm-aalt 

Poipurio  acid  baa  never  been  iaoUted,  being  deeompoeed  when  ita  aalta  are  treated 
with  a  stronger  add.  Taking  the  formula  of  the  ammonittm-aalt  aa  CHICO*  » 
C"H*(NH*)KH}*.  the  acid  is  re^reaented  b;  the  formula  C*H*KK)'.  Lanrent 
(Compt.  rend.  xxxv.  629)  regards  it  aa  murezanic  add,  the  amie  add  of  *»rtw*i»Hff  or 
mnzeiie  add.  Beilatein  coodders  it  aa  a  dibaate  add,  and  regarda  marexida  and  other 
normal  purpnratea  as  add  salts. 

Funiuratea  are  all  distinguished  hy  their  splendid  purple  colour;  manjr  are  gold- 
green  by  reflected  light 

Purpurate  of  Ammonium  or  Murexide. — Thia  salt  is  foimed  in  a  ff^eX 
TarietTof  drcnmatancea: — 1.  Bj  heating  dialnrate  of  ammonium:  2C*H*KH)'  +,  5  » 
C^«K*0*  +  irO  (ii.  815).— 2.  By  the  oxidation  of  dialuramide  faj  the  oxidea  of 
Bilrer  or  mercury. — 3.  By  exposing  to  the  air,  or  adding  alloxan  to,  an  ammoniacal 
solution  of  dialuramide:  C-H^N'O'  +  2NH«  -  C*H»NH)*  +  H=K)r-l.  By  the  action 
of  ammonia  on  alloxantin  (i.  139). — 5.  By  exposing  to  ihe  air  an  ammoniacal  solution 
of  muruxan.  A  solution  of  unc  add  in  dilute  nitric  add,  as  it  contains  alloxan  and 
alloxantin,  yields  pmpnrate  of  ammonium  on  addition  of  ammonia.  It  ia  by  this 
process  that  murexide  is  prepared  on  the  manufacturing  scale  tor  use  in  ^dng. 
According  to  Beilatein,  the  best  method  of  preparing  mnrexide  is  by  the  action  of 
mercuric  oxide  on  dialuramide.  4  pts.  of  dialuramida  and  S  pta.  of  mercuric  oxide  are 
difsolved  in  30  to  40  pts.  of  water,  a  little  ammonia  is  added,  and  the  whole  is  boiled 
for  a  few  minutes,  and  filtered  off;  the  filtrate  on  cooling  deposits  crystals  of  murexide, 
the  qn&otity  of  which  is  increased  by  adding  carbonate  of  ammonium  when  the  liquid 
ia  nearly  cooL  Gr^ory  prepares  it  by  dissolving  4  pts.  alloxantin  and  7  pts.  tetra- 
hydrated  alloxan  in  24U  pts.  boiling  water,  and  adding  80  pts.  of  a  cold  saturared 
solution  of  carbonate  of  ammonium.  Fritzsche's  method  of  adding  carbonate  of  ammo- 
ninm  to  a  boiling  solution  of  alloxan  probably  di^pends  upon  the  formation  of  alloxan- 
tin by  the  action  of  heat  on  the  alloxan-solution,  since  with  pure  alloxan  no  mnrexide 
ia  obtained.  Gmelin  obtains  it  by  the  long-continued  action  of  dry  ammonia  on 
finely-pounded  alloxantin,  the  resulting  brown-red  masa  bdng  repeatedly  pulverised, 
and  exposed  anew  to  the  action  of  the  gas ;  the  free  ammonia  ia  then  removed,  and  the 
product  diuaolved  in  as  little  hot  water  as  possible,  and  ciystallised. 

Purpurate  of  ammoDium  crystallises  in  four-sided  piisms,  which  are  gamet^coloured 
by  transmitted,  rich  gold-green  by  reflected,  light  They  oontun  1  at  (6*64  per  cant) 
water  of  otystallisation,  which  they  lose  when  heated  to  100^,  or  when  dried  in  vacuo 
over  sulphuric  acid ;  they  are  then  converted  into  a  brown-red  powder,  which  acquires 
under  the  burnisher  a  green  colour  and  metallic  lustre.  It  is  slightly  soluble  in  cold 
watfT,  more  easily  in  not  water,  forming  a  splendid  purple  solution;  inaoluble  in 
alcohol  or  ether.  The  aqueous  solution  of  piupurate  of  ammonium  is  decomposed  by 
hydrochloric  or  sulphuric  acid^  murexan  being  predpitated,  while  the  supernatant 
liquid  contains  alloxan,  alloxantin,  urea,  and  ammonia.  Purpurate  of  nmmonium 
disHolves  in  cold  ^iask,  with  evolution  of  ammonia,  forming  an  indigo-blue  solution, 
which  is  decolorised  by  heat,  after  which  the  addition  of  sulphuric  add  predpitates 
murexan.  Nitric  acid  converts  murexide  into  alloxan.  An  aqueous  solution  of 
murexide  is  decomposed  by  sulphuretted  hydrogen^  murexan  bdng  predpitated,  while 
the  supemattint  liquid  contains  alloxantin  and  dialnric  add;  no  hydroentpfaate  of 
ammonium  is  formed.  Heated  with  cyanaU  of  potasstian,  it  yidda  pseudoWate  of 
potasdum  (p.  745). 

Various  fonnulse  have  been  proposed  for  purpuntte  of  ammonium.  Liebig  and  Wohler 
mve  (>H»N*0*;  Kodweiss,  C*H*N*0*;  Fritasche,  C?H«N«0*».  That  adopted  by 
Gmelin,  Gerhardt,  Laurent,  Beilstein,  &c,  and  now  generally  accepted,  ia  C^B.*lSi*0*. 
The  following  are  the  results  of  analysis : 


Kod«reus 

PriUKbe 

BrllftKHl 

Calc. 

atlOU°. 

L.  Hnd  W. 

Ltrfjig. 

at  100^. 

atlttfo. 

c» 

96 

33-80 

38-96 

34  08 

34-4 

84-08 

34-18 

H« 

8 

2-82 

2-70 

300 

30 

3-83 

3U 

V* 

84 

29-68 

36-34 

32-90 

31-8 

80-80 

30-36 

0* 

96 

33-80 

2200 

3002 

30-8 

31-44 

32-36 

C^*NK)*  284         10000         10000         10000  1000  10000         100*00 

Murexide  ia  used  in  dyeing  for  the  production  of  various  shades  of  red,  purple,  and 
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purpureKn. 


yellow.  lU  Kdntion  nuzed  vith  mereorie  saltfl  prodiusefl  fine  >il  and  purple  eolonn  cm 
•ilk,  wool,  cotton,  and  leather ;  and  with  cine-salts  it  yields  orange  and  jellow  taUmn. 
The  oolonrs  thna  obtained  are  Tery  fresh  and  brilliant,  and  may  be  exposed  to  li^ 
without  tiding ;  they  are  however  ezoessiTely  sensitive  to  the  action  of  smphttRnu  aod, 
which  tamishee  and  discolours  them  with  extreme  rapidity.  This  is  a  great  drawback 
to  their  employment  in  places  where  the  use  of  coal-gas  has  become  generaL 

A  few  years  ago,  mnrexide  was  very  largely  nsed  for  dyeing  and  e^ioo-prinUng,  the 
weeklv  yield  of  one  &ctory  alone,  that  of  Ur.  Kumney  of  Manchester,  having  amounted 
to  no  less  than  12  cwt ;  but  it  has  since  been  nearly  driven  out  of  the  field  by  the 
aniline  colours.  {Sspori  o»  Mwrexid^-djfemg  bjf  £.  Kopp,  Bip.  Chim.  app.  i  79; 
also  Hofmann's  ^port,  1862.  p.  1 18.— Jahresb.  1857,  p.  049  ;  1868,  p.  671 ;  1S60. 
^  762.) 

Purpurate  of  Potas0%umt  0*H*KK*0*. — Obtained  as  a  brown-red  nystallioe 
powder,  when  concentrated  solutions  of  purpurate  of  ammoninm  and  nitrate  of  potas- 
sium are  mixed  together ;  when  freed  from  murende  by  boiling  with  nitre,  and  re- 
ezystallised,  it  is  obtainisd  in  crystals  resembling  those  of  the  ammonium-salt,  but 
darker.  It  is  slightly  soluble  in  water,  still  less  in  saline  solutions.  After  drying  st 
10<F  it  loses  8-04  per  cent,  water  at  800^  (FritsBche);  2-96  percent^  (Beilstein). 
The  deep  blue  colour  of  a  solution  of  mnrexide  in  cold  potash  appears  to  be  owing  to 
the  preeence  of  a  basic  potassium-salK 

The  aodium-aalt,  C*H*NaN*0',  is  obtained  like  the  potasainm-salt 

The  barium-aalt,  G**H■Ba"Kl•0■^  is  obtained  by  precipitating  acetate  of  bariom 
with  murexide.  It  is  a  dark-green  powder,  which  becomes  fmrple-rod  when  triturated ; 
slightly  Bolubls  in  wate^  forming  a  purple  solution.  At  100°  it  loses  8*78  per  cent, 
water. 

The  atroniium'  and  caleium'$alt$  are  similarly  obtained  with  nitrate  of 
strontium  and  chloride  of  eal^um.    They  are  slightly  soluble  with  a  purple  colour. 

The  magne»ium-$alt  is  very  soluble,  with  purple  colour. 

The  lead'»ali  has  not  been  obtained  pure.  Mnrexide  added  to  an  acid  solntion  ot 
acetate  of  lead  gives  a  red  solution  which  gradually  deposits  red  crystals  which  are  not 
honujgeneoos. 

8Uvar-iali$.—'ni»  mono-argeTUie  taU,  (7K*AgNK>*,  is  obtained  when  a  rather 
dilute  solution  of  murexide  is  added  to  a  dilute  solution  of  nitrate  of  silver  acidulated 
with  nitric  acid.  It  forms  crystals  resembling  those  of  the  ammonium-salt ;  it  gives 
off  iU  water  (6*71  per  cent.)  at  100°. 

A  tU-argmtie  sati,  C'H'Ag'NK)',  is  obtained  as  a  brown-red  powder  by  precipitating 
a  cold  saturated  solution  of  murexide  with  nitrate  of  silver.  With  ammoniaeal  nitrate 
of  silver,  mnrexide  yields  a  deep  violet  precipitate  containing  CH'Ag'NH)'.2Ag'0. 
(Beilstein.) 

A  solution  of  murexide  is  coloured  yellow,  but  not  precipitate^  by  tridiloride  of 
gold  or  tetrachloride  of  platinum.     (Beilstein.)  f .  T.  C. 

Ssoporpturatas.    (TE}MS*0*  (iii.  433).— These  salts,  prodneed  by  the  action  of 

cyanide  of  potassium  (and  other  cyanides)  on  picric  acid,  have  the  Name  oompoaitioa 
as  the  purpurates,  and  resemble  tnem  very  closely  in  their  properties ;  indeed  isopur- 
purate  of  ammonium  is  undistinguishable  from  murexide,  and  according  to  £.  Ksx^ 
may  be  used  for  dyeing  in  the  same  w^y  as  the  latter. 

Mtnpwpnratea,  (yH*MN^!.  (FfanndlerandOppeaheim,  Bull.  Soe.  Chim. 
1866,  ii.  90.)— The  potaatiua^'Sa/t,  C*H*KNH)\  is  produced  by  the  action  of  cyanide  of 
potassium  on  dinitzophenic  acid,  and  differs  fhim  the  purpurate  or  iso^urpviate, 
CH'KNK)*,  in  the  same  manner  as  dinitrophenic  acid  differs  from  trinittmisnie 
(picric)  add,  that  is  to  say,  by  containing  1  at.  hydrogen  more,  and  1  at.  nitiyi  less. 
It  is  prepared  by  dropping  a  solution  of  potasainm-cyanide  heated  to  60''  into  an 
aqueous  or  alcoholic  solution  of  dinitrophenic  acid,  and  separates  on  cooling  in  tbs 
form  of  a  very  dark-oolonred  crystalline  powder.  It  may  be  purified  by  washing  with 
a  small  quantity  of  cold  water,  recryst^isation  from  warm  water,  then  pressing  it  in 
a  cloth  and  drying  over  oil  of  vitrioL  When  moist  or  in  solution,  it  is  very  unstable, 
being  decomposed  at  the  temperature  uf  the  water-batb,  but  if  once  dried  in  the  air,  it 
may  be  heated  to  100°  withcat  decomposition;  at  that  temperature  it  retains  1  at. 
water  of  crystallieation,  which  it  gives  ^(7-31  per  cent.)  at  leo**. 

The  solution  of  this  potassium-salt  ffives  dark-brown  precipitates  with  noet  melallie 
solutions  and  with  the  chlorides  of  banum  and  strontium.  The«i/t3Br-»ri/^  C^*AgNH.I* 
which  is  red  and  has  a  green  met^dlic  lustre,  obstinately  retains  a  portion  of  the 
potassium-salt  used  in  its  preparation. 

or  VVmrVXAMIML    (Stenbonse.  froc.  Boy.  Soc.  [1868] 
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y  Sii.  633;  xiii.  145.— Schutzeobergor  and  Scbiffori.  Bull.  Soc.  iriduKtr.  d« 
MulltouHe,  1H64,  p.  7^) ;  Jiihresb.  1864,  p.  £43.) — A  prodad.  furtnryl  hy  the  artion  of 
aminuuia  on  parpurin.  A  recciitiv  propured  solution  of  purpurin  iu  lunmoniii  dopottit* 
purpiirin  unaltered  on  addition  of  hydrochloric  acid ;  but  if  \ttt  to  itself  rV  a  oav  or 
heuted  to  100*^,  it  yields,  on  addition  of  hydrochlorii'  or  diluti-  aulpburic  ucid,  a  dark 
violet-L'otoured  precipitate,  which  di^iftoIreH  in  Alcohol  with  deep  riotet  colour,  undaap*- 
ratcfl  therefrom  in  crysLuts  resembliug  murexide  (Scbiilzeuberg  and  Scbiffert); 
in  dark  crimaon  microBcopic  needles,  exhibiting  a  fine  irideaceiit  green  colour  by  refledad 
light.    (Stenhouse.) 

Stenhouae  de^ignatea  this  substance  aa  parpurcin  (from  ita  analogy  to  orcein),  and 
reprfacnta  it  proviBionall^  by  the  fonnubi  C"H**N'0'*;  SehiitMnberger  and  Scbiffert 
regurd  it  as  pnrpuramide,  and  aa  formed  frcim  purpurin  (to  which  thaj  aasign  tha 
f^^rmula  C»H"0'),  according  to  tha  equation.  C*H«0'  +  NH«.  -  H«0  -  C*H'»NO*. 

AccordlnB  to  SCcnliooM* 


CmIc  PouiuI. 

CM          396           6513  65-29 

H»'           2\            396  401 

K»              28              4-60  4-60 

O"           160           26-32  2610 


AccoriUng  to  SctiUoeuberi  er 
Schlir«rt. 

ami 

C»           240            6611 
H"           IS             3-68 
N              14             3'8A 
0*             96           26-46 

Koun<r. 

6547 
414 
4*19 

26-20 

606  100-00         lOO-OO  363         10000         100-00 

The  analytical  rr>}m1t9  leare  no  doubt  us  to  the  identity  of  the  two  prodneti.  The 
fonnula  proposed  hy  Stihiilzcnhprger  and  Schiffert  is  perhaps  the  mon?  probnble  of  the 
two  (pnuvided  their  fonnula  of  purpurin  is  correct),  thongh  it  does  not  agree  Quite  ao 
closely  with  the antdysift  aa  the  other,  and  moreover  the  compotud  has  not  K^en  snown  to 
poBsetfs  Ihc  character)*  of  an  amide.  Stenhouae  regarda  the  formation  of  his  purpurem 
aa  ouuloguua  to  (hat  of  urcf'in  Crum  orciu  (p.  211),  that  ia  to  aay  aa  dep«-udiug  un  tlit) 
joint  action  uf  ammunin  and  oxygen  (ho  exposed  a  solution  of  purpurin  in  dilute 
>mimi>[iia  t4>  the  air  fur  Hib4jul  a  montli,  renewing  the  water  and  umniunia  aa  ihey 
fvaporHted);  but  according  to  Schiitzenberger  and  Schiffert,  the  formation  of  the 
iuiiutoniiacal  compound  of  purpurin  dotw  not  depend  on  oxidation,  the  same  prodoct 
U'ing  obtained,  and  more  qviic^kly,  when  thb  ammomacal  sotutitin  is  heated  to  100*^  in 
It  closed  vessel.  It  must  ib^n  observed  alao  that  Stenhouae's  purpur<-xu  woa  obtained 
from  purpurin  prcpcired  fixrra  madder  by  £.  Kopp^a  process  (iii.  7-i9),  which,  accordiug 
to  Scbiitzeiiberger  and  Schiflfert,  ia  not  a  definite  product  (see  Puapcbin). 

Parpurei'u  or  purpuramide  is  nearly  insoluble  in  sulphide  of  carbon  and  in  cold 
dilute  acida,  aligbtty  Bolublo  in  ether  and  in  cold  water,  more  easily  in  hot  water,  rery 
easily  in  alcohol  and  in  dilute  aqueous  aLkali^.  From  it«  solution  in  L'old  coucenirateq 
sulphuric  acid,  it  ta  prH!ipitatsd  hy  wat<-r  in  ita  original  state.  IIji  Holution  iu  ether  ot 
in  alcohol  containing  aeotie-  u{*id  exhibits,  according  to  Stokes,  abaurption-banda  r<s 
hembling  iboae  of  purpurin  in  chnmcter,  but  differinti;  in  sitiuuion. 

The  aqueous  solution  of  pnrpurein  is  precipit*ited.  like  that  of  orcein,  hy  chloride  oj 
tttdium.  It  fonni  a  red  precipitate  with  chioridt  of  eittc,  purple  gelatinowi  with  nicr* 
vttric  chloride,  dark  brown  witii  nitrate  of  ailixr.  It  dyes  silk  and  wool  a  6ne  rose-red 
or  amaranth-red  without  the  aid  of  mordants,  hut  mordanted  vegetable  fabrics  are  not 
j»emj«nenlly  coloured  by  it. 

The  (tolution  of  purpure'in  in  aqueous  alcohol  gives  with  hrominc-waUr,  a  yellow 
Bmorphous  precipitatp,  and  the  ovaporalrd  filtrate  depoaits  on  cooling  a  araall  quantity 
of  a  brown  resinous  powder.  A  solution  of  purpurein  in  nitric  acid  of  specific  graiity 
]'35,  deposits  on  cooling,  scarlet  prisma  of  nitropurpurcin,  int^oluble  in  wati*r,  etber 
and  sulphide*  of  carbon,  nearly  insoluble  in  alcohol,  but  soluble  in  hot  nitric  acid. 
(Stenhousp.) 

pirsPTntEOQOBJLXiTlC  8A&TS,    See  CoBAXT-Baasa,  AMMoytACAL  (1. 1053). 

WSPtTRIC  ACZB.     Sec  Purpiiutes  (p.  747). 

pmL^inmr.  C*H*0'  according  to  Debus  and  Stenhouae;  C^H'^O'  according  ta 
Schiitxtiuber^r.  Oxylizaric  acid  of  Debus  \  MaddcT'purplt  of  Runge  ;  MatUrr  col€fr' 
ani€ro9e  of  Uaulthicr  de  Claubry.  {Colin and  Robiquot,  Ann.  Co.  Phys.  [2]  xxxir. 
244.  Gaultbier  de  Claubry  and  J.  Persoz,  ihid.  xlviiL  69. — Peraos,  ihid.  \i. 
110.— Runge,  il>id.  Ixiii.  282.— J.  Schiel,  Ann.  Ch.  Pharm.  lx.74;  Debus,  i&f<2, 
IxTi,  351;  Ixxivi.  117.— Wolff  and  Strecker,  ibid.  Ixiv.  1.— Rochlcder,  ibid, 
lixx.  321;  IxxiiJ.  205.— Steohonse,  Proc.  Roy.  Soc,  xii.  633  ;  xiii.  145.— Schnt- 
lenberger  and  Schiffert,  Bull.  Soo.  industr.  de  Mulhouee,  1R€4,  p.  70;  Jahreab. 
1864,  p.  642.— Schiitienborger,  Bull.  Poc.  Chim.  1865,  li.  12.)— A  red  colouring 
matter  extracted  &om  madder  by  th«  same  procaMca  aa  alisariD  (i.  113;  iii.  742),  uA 


7-^  PURPUEIN. 

BepfiratMl  therefrom  by  its  greater  cKdabilitj  to  alum-liqnor.  Debus  psvparai  H  hj 
adding  dilate  snlpburic  add  to  the  alom-tolutions  from  which  tlie  alisuiii  bai  m^ 
rHted  by  cooling,  and  boils  the  precipitate  which  fbrms  after  13  or  14  boon,  vith 
dilate  hrdrochloric  acid,  to  free  it  from  alumina.  It  is  then  washed  with  water  nd 
recrystAuised  from  alcoboL     For  other  pffocesses,  see  GiiteUn*$  Handbook  {ziii  SS6). 

£.  Kopp  extiacts  puipnrin  from  madder  by  macerating  ^e  ground  root  in  dOito 
aqueoas  sulphnrotu  acid,  mixing  the  filtrate  with  snlphoxic  add,  and  heating  tai 
liquid  to  30^  or  40^  (iii.  749).  But  according  to  Schdtienbeiger  and  SchiAat^  the  nd 
or  omnge-colonred  flakes  thus  precipitated  are  not  a  definite  oompound,  but  may  lit 
separated,  by  the  sacceesiTe  nse  of  alcohol  and  bensene,  into  parpnrin  or  osjalianD, 
C^H'K)',  pseudopoipurin  or  trio^alinurin,  CH^O*,  an  orange-red  oo]oaziiU|maSte; 
conidsting  of  hydrate  of  pnrparin.  C^H"0*,  and  a  yellow  oolouxing  matter,  u*H"0', 
isomeric  or  polymeric  with  alizarin  (p.  761). 

Stenhonse  s  method  of  extracting  purpurin  from  £ast  Indian  madder,  or  mnqjett*  is 
described  under  Mitkjistdc  (iii.  1061). 

x'aTparin  exhibits  some  diversity  of  physical  properties  according  to  the  ciresB> 
st4inoes  of  its  preparation.  From  strong  alcoiol  it  ciystallises  in  red  needles;  from 
weak  alcohol  m  soft  slender  orange-coloured  needles  containing  4*8  per  entt.  water. 
^O*R«0*.iHK)),  which  they  give  off  at  100°,  assuming  a  red  colour  (Wolff  sad 
Strecker).  According  to  Scbiitaenberger  and  SchiiTert,  the  anhydroos  compound 
crystallises  from  hot  alcohol,  the  hydrate  from  cold  alcohol  (p.  7AI).  The  anhydrau 
compound  melts  when  heated,  and  sublimes  with  partial  decomposition,  leaving  a  ea^ 
bonaceous  residue.  Bespecting  the  optical  characters  of  its  solutions,  see  "Lsat 
(iii.  638,  footnote). 

The  composition  of  anhydrous  purpurin  is  variously  stated  by  Debus  and  by  StOH 
house  on  the  one  hand,  by  Rchtitaenberger  and  Schiffezt  on  the  other. 


Debiu. 

St«n- 

mean. 

house. 

c» 

108 

66-67 

66-40 

66-40 

C» 

240 

H« 

6 

3-70 

3-86 

8-56 

H" 

12 

0» 

48 

2»-63 

J9*J4 

29-90 

0' 

112 

C?HH)» 

162 

100-00 

10000 

10000 

C»H'«0' 

364 

66-93         M? 

3-29  3-37 

30-78        30-80 


100-00       100^ 

The  puxpnrin  analysed  by  Debus  was  obtained  from  ordinary  madder  by  the  proeeM 
shore  described ;  that  of  Stenhonse  from  muiy'eet :  that  of  Sehutzenberser  and  Sdnfiett 
from  the  crude  purpurin  prepared  by  £.  Kopp*B  process,  bj  extraction  with  hot  al- 
cohol. The  formula  they  assign  to  it  represents  it  as  oxyalizann,  alizarin  beii^  regarded 
a<)  C"H"0*. 

Puipnrin  is  more  soluble  in  toater  than  alizarin,  and  forms  a  red^^sh  solntioB.  It 
dissolves  also  in  alcokoi  and  in  rther;  the  alcoholic  solution  is  redder  than  that  of 
alizarin.  It  is  easily  soluble  in  a  boiling  solution  of  alum^  forming  a  liquid  of  a  beauti- 
ful pink  colour  with  yellow  fluorescence,  and  remans  dissolved  after  cooling,  wiieress 
alizarin  is  deposited  from  the  same  solution  on  cooling.  Oil  ^  vitriol  and  ftAmina 
sttlvhurtc  add  also  dissolve  purpurin,  the  latter  decomposing  it  when  heated  to  200^. 
It  18  less  easily  attacked  than  alizarin  by  ni^  -ie  acid ;  on  bmling  the  liquid,  jAthalie 
and  oxalic  adds  are  formed.  Purpurin  dissolves  in  caustic  alkalis,  and  at  the  boiling 
heat  in  sodic  carbonate,  with  chen^-red  or  bright  red  colour,  whereas  aliaarin  forms 
blue  solutions.  The  alkaline  solutions  of  purpurin  decompose  on  exposure  to  the  air, 
the  colour  of  the  liquid  changing  from  bright  r«d  to  reddish -yellow,  and  ultimately 
disappearing  almost  entirely,  after  which  purpurin  can  no  longer  be  detected  in  the 
liquid :  alizarin,  on  the  other  hand,  suffers  no  such  deeom{)Osition  (Schnnek).  These 
characters,  together  with  the  peculiar  spectrum  formed  by  its  solutions,  snlBdentfy  dis- 
tinguish purpurin  from  alizarin. 

Purpurin  dtssolveii  in  ammonia^  and  the  solution,  after  exposure  to  the  air,  or 
after  being  heated  to  100**  in  a  dose  vessel,  depodts  pnipureui,  on  addition  of  adds 
(p.  749). 

An  alcoholic  solutiun  of  purpurin  forms  with  acetate  of  lead  a  purple  predpitste 
containing  46*6  per  cent,  lead-oxide,  agreeing  approximately  with  tba  ftcmvla 
5Ci»H'»Pb"0*.Pb''0,  which  requires  46-7  per  cent.    (Wolff  and  Strecker.  Debna) 

Compounds  of  purpurin  with  potaah  and  soda  are  obtained  as  nearly  black  oystil- 
line  precipitates,  on  mixing  the  alcoholic  solxitions  of  purpurin  and  the  alkalis.  Ob 
heating  rha<«e  compounds  to  150°  with  ethylic  iodide  and  alcohol,  red  eryrtalline grains 
are  ob^ined,  Blightly  soluble  in  alcohol  and  consistingof  ethylpnrpnrinCH^O'w 
CVH"(CHI*)0' (analysis  6682  per  cent  C  and  4*61  H ;  calc  6734  C  and  4-08  H). 
(Schiitzenberger  and  Schiffert.) 
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Gmipounds  chtained  from  EntiU  Kopp*  ''pnrpurio*  bjf  tkt 
(SchiitKonberger  and  Scbiffert).  'Hiis  rrua«  |rarpan»  impunaHjt 
ulooTiol.  The  insoluble  portion  contaios:  a.  Porparin  or  oxvftlissrfB  C^IMF, 
which  diuolveB  in  boiling alcobol;  and  ^.  PveaaoporpvriB  «r  trivHfsiiaaric 
CH'^O*.  which  is  izutoluble  in  boiling  alcohol  but  duaculrcs  is  kat  fcoHH*  aai 
cryitalli«ei  thorefrom  in  slender  brick-red  need]**.  Tha  eoU  liriihiJit  ^ilr^A  mm- 
lAiDs :  7.  An  omoge-rvd  euluuring  matter,  comiatipg  of  b/drat«  of  pttrpmrsk 
Q^cgitQ.  _  C"H**0'.2HK) ;  and  2.  A  jellow  colooring  oMttcr.  i«T«i<i  wxfc  diaanft 
C"H**0*.  The  iatUr  is  Boluble  in  b«n»^ne;  the  former  is  iuobhUia  UMtbnid,  fa^ 
dissoIroB  very  etuulj  in  alcohol,  and  sopaiates  tharofrom*  m/matiwam  a*  a  <■■■/  amm^ 
Bomelimes  in  orange-red  laminse. 

The  cent£(iimal  t^mpoaition  of  the  three  Uirt-meDtioDed  pfodueU,  aa  AiUnaMi  by 
axkalyaia,  i«  ea  follows : 


'•'"*'niS?if 
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M«lDOf 

CjUc           ami. 

Cale.       An»l. 

Calc        AariL 
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60-60         6105 

C»       60      fi99S 

C>      68-96      67^ 

H" 

303           2-Q7 

H'«         4         4-13 

W        3-U         166 

<)• 

36-37         36-98 

0*        36       3694 

0-        J7-flO      2866 

10000       10000 


100     10000 


lo&oo   100-00 


Pseudopurpuri  n  and  hydrate  of  ptirparin  are  conveited  into  porpariu  by  nbUma- 
rioa  (leaviog  a  conHiderable  reaiuue  of  charcoal)  or  bj  baatrng  with  alcohol  to 
180^—200°. 

The  yellow  colourinj?  miitter  Hublimefi  almoitt  without  deeompotition.  It  may  ba 
pnjduc&d  from  purpunn,  piemlupurpurin  or  bydrate  of  porpurin,  by  beating  to  180^ 
with  water  and  iodide  of  pnodphome,  or  more  ^sily  by  the  action  of  stannoos  chloride 
on  n  boiling  alkaline  Mjlulion. 

Purpurin,  peeudupurpurin,  and  hydrate  of  purpnriD  impart  to  mordanU  colcnrs 
roaembliog  those  of  alizarin;  Iho  tint  commnnicatod  by  t^em  to  alumina-mordaota 
in  more  reddish,  and  without  blue  rc'flex.  The  colours  produced  on  tiwuon  by  pur- 
purin  and  its  hydrate  rtiBiBt  the  action  of  boiline  loap-wttter  tolerably  well,  whoreM 
those  formed  by  pseudopurpuriu  arv  rum  pi  etely  destroyed  thereby.  Tlio  renislance  is 
ttierefore  noarly  in  iurerbo  proportion  to  the  amount  of  oxygen  in  the  colounog  matter. 
The  yellow  colouring  matter  produces  with  alumina-roordant  a  rather  dull  yellow^ 
which  is  destroyed  by  aoaping  liud  by  immersion  in  a  bath  of  Btannic  chloride. 
(Schiitzinberger.) 

pirK»Ynuiro.     Syn.  with  PoaroKDro  (p.  601). 

P17SXSS.  A  yellow  culouring  mstter  imported  into  Europe  from  India  and  Cbtna 
in  round  lumps  weighing  thrue  or  four  ounces,  brown  on  the  outside,  of  h  deep  orangv- 
jellow  colour  witbin,  and  exhibiting,  according  to  Erdmann,  a  crystalline  structure. 
Refipecting  its  ongin,  various  snd  contrarlictory  stutf^menis  have  been  made.  Accord- 
ing to  most  uutburities  it  i^  uf  animal  origin,  and  is  deposit^  from  the  urine  of  cameU, 
elf'phants,  and  bufifalos,  espec^ially  aftor  the  aniiuals  have  eaten  certain  plants  (the 
fruit  of  Mangostana  manffijer  for  example) :  according  to  othi-n.  it  is  sn  intestinal  or 
biliary  concn'tioa  of  the  same  animals :  Sleuhou^e.  on  tbt*  other  huud,  nupposes  it  to  be 
a  vegetable  substance  prepared  by  evspomtiug  down  s  regulable  juice  mixed  with 
magnesia.  Its  peculiar  odour  resembling  that  of  castoreom  is,  however,  in  favour  of 
the  former  supposition. 

Purree  serves  for  the  preparation  of  Indian  yellow,  a  fine  rich  durable  yellow 
colour  much  used  both  in  oil  and  wuter-colour  painting,  and  consisting  mainly  uf 
euxauthate  of  magnesium  (see  Euxanthic  Acin,  ii.  609):  aciwnlingto  Wngner,  it  alsc> 
contains  alumina.  Indian-yr-llow  being  souiewhat  costly  is  often  sdulteratMl  with 
cheaper  yellow  pigments,  chrome-yellow  fur  rxiimple.  According  lo  M.  Haro,  jnn.,  a 
colour  mak^r  in  Paris,  pure  Indian  yellow  burns  litce  amadou,  leaviac  a  oomparatively 
small  rraidue,  whcrfuis  the  lidultentted  article  burnv  more  slowly,  and  leaves  a  larger 
residue.    {Chhiiie  de«  Couieura,  par  J.  Lefort.  Paris,  1S66.} 

ptntRBZC  ACZD.     ^yn.  with  EirxAXTMTc  Acn>. 

PtrKS£WOXrB.    Syn.  with  Euxaxtuokv. 

PUft.  A  pathological  product,  the  result  of  certain  diseased  actions  of  iha  aatmal 
body.  Typical  pus,  "  laudable  "  pus,  is  a  thidt  yellowish  liquid  of  tba  coaaisiffncv  and 
appearance  of  cream,  but  ita  physical  and  chemical  ehwitcCMa  varT  exMediBgW  ac- 
cording to  the  kind  of  tissue  from  whieh  it  comes  and  the  aatmre  t>t  tfke  Jiseaw  givi^ 
rise  to  it.  Its  reaction  is  ^nerally  alkaline,  but  sOttrlimes  aealral  ur  acid.  It  coo* 
lists  of  puA-corpusclea  floating  in  s  pus-«i'rum  ;  'he  tepanitlQii  pf  the  two  b)  ftlUnlion. 
though  tedious,  is  practicable. 
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The  protein-constituents  of  pus  have  be^n  as  yet  bnt  imperfectly  stadied.  Thie  t 
contaius  an  albumin  apparently  identical  with  that  <k  blood-aemin,  togetbflr  vith 
globulin  or  myosin.  From  the  corpuscles  also  may  be  obtained  a  subatiuice  poMeang 
some  but  not  all  of  the  reactions  of  myosin  (Hoppe-SeyleTt  Phys.Cfaem.  Ainhie, 
p.  303).  In  many  bat  not  all  specimens  of  pus  may  be  found  the  ao-callcd  ^yin,  vfaii^ 
has  the  following  reactions.  It  is  precipitated  from  its  solntiona  by  ae«tie  add,  the 
precipitate  being  insoluble  in  exceas  of  the  reagent.  Nitric  and  hydrochloric  acids  ^ 
precipitates  readily  soluble  in  excess.  Ferrocyanide  of  potaasium  prodnoee  nopraeipitito 
m  the  hydrodiloric  acid  solution.  A  solution  of  pyin  is  unaltered  by  boflii^.  Ifm 
closely  reaerablee  mucin  (said  to  be  found  in  pus  from  mucona  membranaa),  diftaig 
from  it,  howeror,  in  bein^  precipitated  by  mercuric  chloride  and  nantzu  aoatata  i 
lead.     Gelatin  and  chondnn  hare  been  found  at  times  in  pus. 

Among  the  fatty  bodies  alvays  present  in  pus  may  be  mentioned  choleatcrin,  oUa, 
palmitin  ^the  last  two  also  in  combination  vith  alkalis),  cerebric  and  eLyc<vo-pi^ 
phnric  acid.  According  to  Fischer  (Med.  Cblt.  1865,  p.  226),  the  oxJy  fatty  bodj 
besides  cholestorin  in  good  fresh  pus  is  protagon,  whose  speedy decompoaition|TT«s 
rise  tu  the  rest.  The  same  obsen'er  also  state's  that  butyric,  formic  and  Talenaaie 
Hcids  when  present  are  putrefactive  products,  Bodekerfonndxnapeeiineiuiof  pQ%a 
Aubstance  called  by  him  ckiorrodinic  acid. 

Sugar  and  urea  have  occasionally  been  found ;  and  leucine  may  ba  regaxdad  as  a 
constant  constituent  unless  it  be  a  product  of  putrefaction  (Fischer).  Pus  from 
wounds  often  has  a  blue  colour,  very  distinctly  seen  when  dried  on  bandagea,  &e. ;  this 
Hrises  from  the  presence  of  Pyocyanin,  which  may  be  isolated  in  the  Allowing waj. 
1*he  bandages,  &c.  are  steeped  in  water  containing  a  few  dropa  of  ftfn™""^#,  and  the 
resulting  gref  n  liquid  is  filtered,  partially  evnporat^,  and  again  filtered.  Tha  fltbite 
is  shaken  with  chloroform,  which  takes  up  the  colouring  matter;  and  the  ehlorolbrm 
solution  is  treated  with  very  dilute  sulphuric  acid  until  it  tunu  quite  red.  On  aUiid- 
ing  a  red  aqueous  layer  separates  which  is  removed,  treated  with  caiutie  beiyta  until 
it  changes  to  blue,  filtered,  and  the  filtrate  again  shaken  with  chlorofenn.  The  bhe 
chloroform  solution  is  aHowed  to  evaporate  in  the  air.  Pyocyanin  ezTstalliaes  in 
needles  or  in  rectangular  flakes.  It  is  soluble  in  chloroform,  alcohol,  and  water,  with 
difficulty  in  ether.  Acids  turn  it  red ;  alkalis  restore  the  blue  ooloor.  ^UoriBS 
destroys  it.  After  the  separation  of  the  pyocyanin,  the  chloroform  retaina  in  aolntiaaa 
yellow  substance  called  pyoxanthose,  which  remains  on  leaving  the  aolution.  pre- 
Tiously  f^-eed  from  fat,  to  evaporate  spontaneously.  It  is  sometdmea,  though  rarefy, 
obtained  in  groups  of  micro^opic  needles.  It  is  very  slightly  soluble  in  water,  more 
soluble  in  alcohol,  ether,  chloroform,  snd  benzene.  Acids  turn  it  red,  alkaHa  violet 
(Fordoa,  Compt  rend.  Ivi.  1128;  Jahresb.  1863,  p.  667).  W.  B.  Herapath  finds 
indigo-blue  in  blue  pus  (Brit  Assoc.  Trans.  1864,  p.  124). 

The  ashes  of  pus  consist  mainly  of  chloride  of  sodium,  with  alkaline  and  aartl^ 
phosphates,  alkaline  carbonates,  sulphate  of  calcium,  and  oxide  of  iron. 

The  quantitative  analyses  of  pus,  as  might  be  expected,  difihr  widely.  The  fblkwing 
(Bibra)  may  be  taken  as  an  average.  In  1,000  parts :  water  862,  aolida  138»  vfaen- 
of  albumin  91,  fats  and  cholesterin  12,  extractives  29,  salts  9, 

Masse  (Simon's  Chem.  Syd.  Soc.  trans,  ii.  692)  thus  comparea  1,000  parta 


Pui-ienin. 

Blood-senim. 

Water. 

890-00 

906-6 

Solid  residue 

110-00 

98-6 

Organic  constituents     . 
Chloride  of  sodium 

92-68 

85-7 

12-60 

4-6 

Carbonate  of  sodium     . 

2^^i 

1-4 

Phosphate  of  sodium    . 

•82 

•« 

Sulphate  of  sodium 

•18 

•s 

Phosphate  of  calcium    . 

1-20 

0-7 

Carbonate  of  calcium    . 

•90 

K.F. 

WSCBXZWXTa.    A  variety  of  lime  and  iron  ^idote  from  tik*  Waatan  VnX, 

north  of  Katheriuenburg.     (See  Efidotk,  iL  490.) 

VvrXJUrOtmA.    Putrangira   Roxhttrahii,  an  Saat  Indian  ptaat^  jialda  a  <rt 

oil  melting  ttt  -t-Sl^     (Lepiue,  J.  Phann.  [3]  xl  16.) 

VtrrSKrAOTZOir.    See  Fkkiudctatiox  (ii  623) ;  alao  XMt  Dietionmf  rfArU, 

^.  (iii.  648). 

A  massive  snboolumnsr  variety  of  topaz  (9.  ik) 
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Se«  Pds  (p.  762). 


PTOVOMSTB&.     An   iDstnunent   for    dotcrminiag  tlie   Bperific  gnritia   of 
aeraU'J  miiiunil  wutfre.     (FrvBenius,  ZeJtHchr.  AuaL  Cbem.  L  178.) 
VTCirOTttOVB.     Sec  SsKPEMTnoL 
PTTV«     Se«  Pns. 

rTOCTAjrxir.       } 

FTOXAHTBOBB.  ( 

PTKA.CON'ZTZG  ACZS,    Sjn.  vith  Itacokio  Acid. 

P7ItAZ>I>OI*ITIl.     The  name  of  a  »ries  of  deoompoeition-produrts  of  nngita  and 

ooc&sioDnliy  of  hurublende,  conmsting  mniDly  of  mAgueduui  bydromlic&tes.  Thry 
blacken  when  heated,  tlii-o  burn  white  if  in  contact  with  the  air,  and  giTf*  off  water 
haring  an  empyreumatic  odour,  due  to  the  pr*««Qct>  of  organic  mutter.  When  T*ry 
strongLv  heated  befoiv  the  blowpipe,  they  become  rounded  on  the  edged  ntdj.  1  he 
pjrallolite  of  Storf<&rd  if  coiivertea  by  strong  itulphurio  acid,  with  incipient  tamefdc- 
tion  and  decompositiou  of  the  organic  matter,  first  into  a  rKidiah,  then  into  a  Mark 
powder.  The  same  decompcsitionappean  to  be  produced  alw)  by  dilute  vulphune  acid, 
for  the  miueral  aiW  being  txeated  with  it,  ia  no  longer  blackened  by  the  atronff  acid. 

Pjrrailoljtes  haTe  been  analysed  by  Nordenakiold  (.S'hw.  J.  xxxi  386),  Arppe, 
Furuhjelm,  Huneberg  and  Selin  (AnaL  af  Fiusk.  Mui.  p.  36),  and  Biaehof 
{Lchrhuck  d.  Chrvi.  Gtoi^tg.,  i.  616). 

a.  Frum  Kullakalkbruch :  Kimite.  Green  or  blue-Kreen ;  partly  still  exhibiting 
diiftinct  augite  fltnicture.  Specific  gravity  =  2'7.  Haroncaa  =  8 — 4  (RunebiTg). — 
6.  TakTodaholn^  in  oalcspar.  Green  ;  flbrooa.  Specific  grayity  »  2*70.  Uardnesa 
a:  3 — i  (Arppe). — c.  Sknbbole,  in  qnartz.  Green,  fibroutf  or  granular.  Specific 
gravity  ■•  273.  Hardness  «  2—3  (Arppe). — d.  Haapakylii;  greeaiab,  loosely  jran- 
uLir  aggregate  in  calcspar.  Specific  gravity  =  261  (Arppe). — *.  KolUkalkbruch ; 
white,  with  augttie  Htructnre.  Hardoe»  =  3 — 4(Arppei.— /.  SLurgird,  PargaB(Nox^ 
denakiold. — y.  Frugiird;  Ught-brown  or  yellow-grey  columnar  maaaea  deavable  in 
one  direction.  Specific  gravity  =  2-66.  Hardopsa  =  3(Arpp«). — A.  Kullakftlkbruch; 
white,  earthy  (Sclin). — i.  From  the  same  ;  grt-eniith- white,  eariJiy  (Furuhjclm). 
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M'O.SiO'.H'O  to  M-0.4SiOMT'0,  the  silica  "being  partially  alao  repUccd  by  ttlumina. 

PTRJLXrrzittOWZTXl.     Syn.  with  Kormesite  or  Red  Antimony  (iii.  446 1. 

PTAABOZUblTB.  A  silicate  occurring  in  the  granite  of  HolsingfoRi,  Finland, 
in  prisiimtic  furms  with  indistinct  cleayBge.  Hardness  =  3"5.  Specific  grmvity  •• 
2'6.  It  is  partly  black  or  bluish,  liver-brown  or  dull  red,  with  a  rfnil  rfKinnua  lustre  ; 
baa  an  argulaceoua  odour.  Infusible  before  the  blo\rpi[)e,  but  becomrt  ftlightly  glased 
in  a  strong  heat.  Soluble  in  hydrochloric  acid.  Contains,  according  to  Noraens- 
k i old's  analysis  (Berz.  Jahrpsb.  1833,  p.  174): 

SlO».  Al'OV        Fe-0>.        M|tO.         KH>.         N«»0.  H«0. 

43-93         2893         5-30         2  90         106         185         16*47      -     9943 
The  mineral  may  be  regarded  as  an  altered  dichroite  (it  320),  containing  |  uf  the 
Btrtitig  ba»i\*«  uf  that  mineral.     (Bischof.) 

FTSASOTKZTB.  Iktrk-red  eilfer  ore,  Ruhjf  tUtw,  Black  tiivrr.  Arrotitf. 
A^rjyrythrose.  Dunkie^  Rothpultiatrz.  AntimonnlberUnu/f.  Argent  antimtmU  mi/uri. 
Argentvm  rubrttm. — Native  sutphantiroonitc  of  silrer,  occurring  in  rhombohedral  crys- 
tuU,  in  which,  for  the  rhombohedron  R.  the  principal  axis  »  U-79id,  and  the  angle 
B  :  K  in  the  termiiiid  edgea  =  108°  2«'.  The  crywtala  are  chiefly  priimatic,  farmed 
by  the  combination  of  odP2  with  R  and  other  rhombohedrons  and  scalenohedrona. 
{l-'or  figures,  see  Dana,  ii.  77.  78.)  Cleavage  mther  imperf»»ct  parallel  to  R.  Twins 
are  of  froqnent  occurrence.  The  mineral  ia  alao  found  maKsive,  with  granular  t-tmc- 
ture,  Bomptimes  impalpable.  Hardness  »  2 — 2-fi.  Specific  graritr  -  6'7 — 6'9. 
Translucent  to  opnquc,  wirh  metallic  adamantine  lustre  and  black  colour.  somKimc* 
approaching  to  cocnirtwil-red.  Streak,  cootineal-red.  Fracturi*,  eonchc^daL  Seetilt^ 
yielding  readily  to  the  knife.  Befor**  the  blowpipe  it  melta  and  gim  out  fum««  ol 
antimony,  and  on  chftrcoul  ultimately  leares  a  globule  of  silver.  Dis«olves  in  hot 
nitric  Hrir],  leaving  sulphur  and  antimonious  oxide. 
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Analyses :—a.  From  Andmuberg  in  the  Haitc  (Bonsdorf,  Schw.  J.  xxxiv. 2U).— 
b.  From  Mexico  (Wohler,  Ann.  Ch.  Pharm.  xxTii  167).— c.  From  the  HoUtuk 
nine  near  Zacatecu  in  Mexico.    (Bottgeri  Bamm,  Mineralch,  p.  88.) 
Calmiaiiom.  Ama^ut. 
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Ag^bS'     640  10000  100*00  10000  99*80 

The  fonnola  maj  also  be  written  3Ag*S.Sb*S'. 

Pyrargyrite  occurs  also  in  Saxony,  Norway,  Hungary,  at  Qnadalcaoal  in  Spain,  nd 
in  Cornwall  In  Mexico  it  is  woi^ed  extensirely  as  an  ore  of  mlver.  A  Uffkt^ 
nlnerore  from  Andreasberg  was  found  by  Zincken  to  be  free  from  arsenic.  A  gray  on 
from  the  same  locality  contains  both  arsenic  and  antimony,  and  may  be  miaigjzili 
(iii.  1010). 

Fyrargyrite  occnrs  like  proustite  (p.  789),  changed  to  nlrer^laiiee^  -Ag^  alto  to 
pyrit«8.     (Dana.) 

yraWTiAtW.  A  name  applied  by  Bejeelius  to  the  mobile  oil  obtained  br  di>> 
tilling  with  water  several  of  toe  empyrvnmatic  oils  resulting  from  the  dry  dtatillatina 
of  organic  bodies,  such  as  oil  of  wax,  amber,  bones,  &c. 

yntSVAZTB.    A  Tariety  of  iron-lime-gamet  (iL  772),  black  or  greyiah-bbd, 

often  with  semi-metallic  lustre. 


C"H«?  (Laurent,  Ann.  Ch.  Fhys.  [9]  Irri.  188.)— A  erj9Ut&» 
hydrocarbon,  obtained,  together  with  chiysene,  by  the  dry  distillation  of  &ta,  re«M, 
and  coaL  To  prepare  it,  the  ethereal  liqnid  which  has  serred  for  the  extractirai  of 
chrysene  (i.  958),  w  exposed  to  the  temperature  of  a  freezing  mixture ;  the  pyrme  ii 
then  deposited  in  the  crj'Stalline  state. 

Pyrene  crystallises  from  alcohol  in  microscopic  rhomboTdal  laminse,  tptj  nradi  like 
anthracene.  It  is  tasteless,  inodorous,  insoluble  in  water,  slightly  soluble  in  alcobol 
and  in  ether;  melts  between  170^  and  180°,  and  solidifies  in  a  crystalline  foliated 
mass.  At  a  higher  temperature  it  volatilises  without  decomposition.  It  is  carbonised 
by  sulphuric  acid.  It  gave  by  analysis  93*18  per  cent,  carbon  and  6*11  hydrogen; 
the  formula  C'*H"  requires  93*7  carbon  and  6-3  hydrogen. 

Dinitropyrtnet  C'*H'*(NO*)\  is  formed  by  the  action  of  warm  nitric  acid  on  pyreof^ 
as  a  thick  brown  oil,  which,  after  washing  with  water,  dries  up  to  a  r^rj  brittle  resin 
having  the  colour  of  gamboge  but  redder ;  it  melts  in  boiling  alcohoL 

VTXBTBRXir.  This  name  was  given  by  Parisel  to  a  soft  resin  extracted  by 
alcohol  and  ether  from  Sadix  Pt/rethri,  which  however,  according  to  Koene,  is  not  a 
definite  substance.  The  latter  found  in  the  root  0*26  per  cent,  of  a  resin  insolnble  in 
potash,  1*60  of  a  brown  acrid  oil  soluble  in  potash,  0*35  of  a  yellow  oil  soluble  in  potash, 
9-40  gum,  57'70  inulin.  7'60  salts,  19'80  vegetable  fibre,  and  traces  of  tannic  acid. 
The  two  oils  and  the  resin  together  constitute  Parisel's  pyrethrin. 

The  flower-beads  of  Pyrtthrunt  camettm  which,  when  pulverised,  ftnm  the  "Peniaa 
insect-powder"  contain,  according  to  J.  Hanamann  (Vierteljahrs.  pr.  Fhann.  ni 
622).  neither  a  narcotic  base  nor  santonin.  The  action  of  the  powder  is  probably  doe 
to  a  pale  yellow  essential  oil,  which  has  a  pungent  odour,  produces  headache,  and  kills 
or  stnpefies  small  insects. 

VT&OOIK.     A  dingy  variety  of  Sahlite.     (See  Auom,  i.  474.) 

wrmxatmm.  C»H*N.  (Anderson,  Ed.  Phil.  Trans,  xvi.  4;  also  zx.  [2]  347; 
Phil.  Mag.  J.  [4]  ii.  257;  Ann.  Ch.  Pharm.  Ixxx.  66;  Jahresb.  1861,  p.  471— 
C,  Grev.  Williams,  Phil.  Bffag.  J.  [4]  viii.  24 ;  also  Ed.  PhU.  Trans,  xxi.  [2]  816; 
Chem.  Gac  Nov.  1,  1856.— Chnrch  and  Owen,  Chem.  News,  ii.  146;  PhiL  Mw.  [41 
XX.  110.) 

Abase  discovered  by  Anderson  in  his  investigation  of  bone-oil.  Subsequently fimnd 
by  0.  G.  Williams  among  the  bases  in  the  tar  oMained  by  distillation  of  the  bitonunooa 
shale  of  Dorsetshire.  TracM  of  a  base  having  the  same  composition  were  observed  by 
C.  G.  Williams  among  the  alkaloids  produced  by  destructive  distillation  of  eindianine. 
Found  by  C.  G.  Williams  in  coal  napntha,  also  by  Church  and  Owen  in  the  tar  of  peat 
It  is  produced  artificially  bv  the  action  of  nascent  hydrogen  on  aaodinaphthyldiaiiiine. 
(Perkiu,  Chem.  Soc.  J.  xviii.  9.) 

PreparaHoH. — Precisely  the  same  operattous  are  necessaiy  as  in  the  ease  of  psocdnis 
(p.  637),  except  that  in  the  fractional  distillation  the  portion  di«tJ11iwg  at  117^  is  te 
be  coUeeted  instead  of  that  which  boils  at  140°. 


PYRIDINE.  1S6 

JVop«r^{0S. —Fyridine  is  a  colourless  mobile  liquid,  h&ying  a  moat  powerful  and 
peculiar  odour  closely  resembling  that  of  picoline,  and,  like  tnat  alkaloid,  causiug  a 
bitter  taste  in  the  mouth  and  back  of  the  throat.  It  fumes  on  the  approach  of  a  rod 
dipped  in  hydrochloric  add,  even  more  strongly  than  picoline.  Its  solution  iu  water 
beoaTes  vith  bleaching  powder  like  picoline.  Its  specific  gravity  at  U°  is  0*9858.  It 
precipitates  the  salts  of  zinc,  iron,  manganese,  and  lUuminium  in  the  cold,  nickel-salts 
only  on  the  application  of  heat,  and  the  precipitate  dissolres  in  excess.  In  solutions 
of  copper  it  eires  a  pale  blue  precipitate,  soluble  in  excess  of  base  vith  a  deep  blue 
colour,  not  distinguishable  from  that  produced  by  ammonia.  It  has  a  strong  tendency 
to  form  crystallisable  double  salts.  It  boils  steadily  at  about  117°.  The  density  of 
its  vapour  was  found  to  be  2'9l ;  theory  requires  2734.  The  excess  of  the  experi- 
mental OTer  the  theoretical  numbers  arose  from  the  presence  of  traces  of  picoline. 
(Anderson.)  The  refractive  indices  of  a  specimen  of  pyridine  from  Dr.  Holmann's 
laboratoTT  were  found  by  Gladstone  and  Dale  to  be :— for  A,  1-4940 ;  D,  1*5030 ;  H^ 
1*5387,  the  temperature  at  the  time  of  the  experiment  being  21-5°. 

Pyridine  is  soluble  in  water  in  all  proportions,  and  is  difficult  to  obtain  absolutely  dry, 
(Anderson.) 

J)ecompositum8. — Pyridine,  like  its  homologuep,  is  exceedingly  stable  and  r^ists  the 
action  of  oxidizing  agents.  It  may  be  boiled  with  monohydrated  nitric  aeid^  or  with 
chromic  acid  without  decomposition,  and  treatment  with  nitric  acid  is  to  be  resorted  to 
as  a  means  of  purification  when  the  base  is  contaminated  with  empyreumatic  matters 
(Anderson).—!.  Chlorine  acts  on  pyridine  in  the  same  manner  as  on  picoline  (An- 
derson).— 2.  When  bromtne-waier  is  gradually  added  to  a  solution  of  pyridine,  the 
liquid  becomes  muddy,  and,  as  the  quantity  of  bromine  increases,  an  abundant  preci- 
pitate appears,  and  collects  at  the  bottom  of  the  vessel  in  the  form  of  a  reddish  mass 
of  a  more  or  less  resinous  appivrance.  This  substance  is  insoluble  in  water,  but 
soluble  in  alcohol  and  ether.  When  boiled  with  water,  it  melts  and  emits  an  odour 
resembling  that  of  bromine.  Hydrochloric  acid  decomposes  it,  libeiating  bromine. 
Potash  decomposes  it  also,  liberating  the  base.  From  these  reactions,  Anderson  con- 
cludes that  the  substance  is  a  direct  compound  of  pyridine  with  several  atoms  of  bromine. 
Dry  pyridine  thrown  into  dry  bromine-vapour  solidifies  to  a  crystalline  mass  which 
dissolves  in  water,  leaving  an  insoluble  matter  probably  analogous  to  the  compound 
produced  iu  the  same  manner  by  acting  on  pyridine  or  picoline  with  dry  chlorine 
(Anderson). — 3.  When  pyridine  and  tincture  of  iodine  are  mixed  and  evaporated  to 
dryness  on  the  water-bath,  a  dark  brown  mass  is  left,  partially  soluble  in  wat«r,  leaving 
some  brown  crystals ;  they  arc  easily  decomposed,  and  appear  to  be  similar  in  charac- 
ter to  the  iodine- compounds  of  the  fixed  bases.  The  watery  solution  contains  hydrio* 
date  of  pyridine  contaminated  with  a  basic  impurity  which  may  be  removed  by  animal 
charcoaL     (Anderson.) 

Ptbidink  salts.  Bydrochlorate  of  pyridine,  OH'N.HCl. — When  hydrochloric  add 
saturated  with  pyridine  is  evaporated  on  the  water-bath,  the  syrupy  fiuid  on  cooling 
gradually  becomes  converted  into  a  hard  radiated  mass  of  ctystals.  The  salt  deli- 
quesces in  moist  air.  It  sublimes  unchanged  at  a  high  temperature.  It  is  soluble  in 
alcohol,  but  less  so  than  in  water ;  insoluble  in  ether.    (Anderson.) 

Acid,  sulphate  of  pyridine,  C*H*N.JH*SO*. — When  sulphuric  acid  is  mixed  with  excesi 
of  pyridine  and  evaporated  over  the  water-bath,  a  deliquescent  crystalline  mass  is  left, 
soluble  in  all  proportions  in  water  and  alcohol,  but  insoluble  in  etlier.     (Anderson.) 

Hydriodate  of  pyridine,  CK^N.HI. «  Tabular  crystals,  readily  soluble  in  alcohol  and 
in  water,  but  not  deliquescent     (Anderson.) 

Hydrobromaie  of  ^ridtne^  CH*N.HBr. — A  deliquescent  salt  obtained  in  adcnlar 
crystals  on  evaporating  its  solution.    (Anderson.) 

nitrate  of  pyridine,  C*H*N.HNO*. — EasUy  obtained  by  mixing  nitric  acid  and  py- 
ridine. If  the  acid  be  concentrated,  and  the  base  dry,  or  nearly  so,  much  heat  is 
evolved,  and  the  mixture  solidifies  into  a  mass  of  short  needles,  which  after  pressure 
between  folds  of  filtering  paper,  resembles  loaf-sugar.  The  salt  may  be  purified  by 
recrystallisation  from  water  or  boiling  spirit;  the  latter  is  to  be  preferred.  On 
cooling  it  is  deposited  from  an  alcoholic  solation  in  fine  needles  an  inch  long,  even  when 
operating  on  a  very  small  scale.  Sometimes  it  is  obtained  in  short  thick  prisms.  It 
is  not  deliquescent,  but  extremely  soluble  in  water,  less  so  in  alcohol,  insoluble  in  ether. 
Heated  in  a  retort  it  melts,  and,  if  the  temperature  be  raised  gradually,  sublimes  in 
a  white  woolly  mass ;  but,  if  briskly  heated,  it  distils  in  the  form  of  a  thick  oily  liquid, 
which  Bohdifies  to  a  mass  of  acicular  crystals.  Heated  on  a  platinum  knife,  it  takes 
fire,  and  bums  with  great  brilliancy  and  a  rapidity  almost  amounting  to  defiagration. 
(Anderson.) 

Chioraurate  of  pyridine^  C»H'*N.HCl.AuCl*.— Afine  lemon-yellow  crystallinepowdeTfc 
immediately  deposited  on  adding  solution  of  chloride  of  gold  to  a  solution  of^hydro- 
ehlorate  of  pyridine.    It  dissolves  readily  in  hot  water,  and  ia  deposited  on  cooling 
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in  fine  jelluw  neiotlles,  little  soluble  in  coM  water,  and  ioioluMe  ui  aJcsoboL  (An, 
derson.) 

aUoroplatinate  of  pyridine,  2(OH*N.HCl).Pt"Cl*.— A  solution  of  th©  brdrochlonit 
of  pTridine  mixt^  with  nolufion  of  tAtraehloride  of  pUtinam,  dr*[Hisiri»  flaU«ne<d  pruKi 
easily  soluble  in  boiling  wutcr,  loss  soluble  in  alcohol,  insolubl*^  in  erbcr. 

Prtjdtictt  nf  decf/mpagUion  of  ChiitrojfiatiuaU  <>/  Pffridin«, — When  cliloroplaliutt 
of  pyridine,  ^ee  from  excfs.^  of  plutinic  chloride,  is  dissolTed  in  hot  water,  ud 
the  solution  k<>pt  boiling  fur  tive  or  bix  days,  it  is  entirely  conr«<rttd  into  s  nb- 
stance  resembling  sublimed  sulphur  in  ftppearanee.  It  is  iusulublc  in  w»t«r  &m1 
acids,  but  is  dci'omposed  on  Iniilin^  with  solution  of  hydmt«  of  i»jiaAsiuni.  pjrifiQDt 
being  erolrf^.  The  fmlphiir>like  body  is  the  bydmcldorato  of  s  pfjiUiium'bue  ajuIu- 
gous  to  pliifinsmino;  it  has  thcrcifore  receired  the  name  of  platino-pi/ridine.  Its  lu^ 
Diation  consists  flimply  in  the  eKpuUion  of  one  atom  of  hydrochloric  acid  £rom  oueaiao 
of  the  chloroplatinat*.  thus : — 

2(C»H«N,HCl)Pt"Cl*     -     C'*H«PtN«.4Ha  +   2HCL 

if  the  boiling  be  arrentet^  before  the  entire  conversion  of  the  chloroplatanate  into  t^s 
mltjust  describetl,  besutiful  (shining  plates  are  deposited.     Tht*y  conatst  of  t  doable  , 
alt  formed  by  the  union  of  one  atom  of  the  dihydroch]omt«  of  plAtino-pyridiu  i 
with  one  utom  uf  the  original  plalinum-Halt.     (Anderson.) 

When  ohloroplatinate  of  pyridine  is  boiled  with  excesB  of  pyridine,  the  liquid 
become»  dark  coloured,  und  on  erupomtion  u>  dtToesit  in  the  water-bath,  and  addilMa 
of  water,  a  dark  solution  is  obtained,  and  s  crystaltine  residue  left.  This  aobstsaes 
is  the  hydrocblorate  of  another  ptaLinum-batie.  piaioaoptfridine^  analogoos  to  plito*' 
amine.    The  salt  hsa  the  formula  (C*H*N)».Pt"CI»  or  C'»fl«PtN».2HCL 


Substiiution^dtriwiiivea  of  Pyridine. 
HwnrrL-FTiUDDni. — This  compound  has  not  yet  been  examined. 


xMwtnSr 


ETHTL-muDixB. — The  free  bases  of  this  class  undergo  decompusition  wbea 
(Seo  KTHrL-picouNa,  p.  639.) 

HydriodaU  qf  JCtkyl-pi/riditie,  C*H*N'.HI.— Obtained  in  the  same  manner  as  tbs 
oorresponding  picoline  base,  and  of  similar  proMrties. 

CUorovlaiinaie  of  Klhyl-pyruUne,  2tC'H»N.HCl)Pi»'Cl*.— Beantiful  garnet-eoloufwi 
rbomboVoal  plates  with  beveUod  edges, easily  obtained  aquarter  of  an  inch  in  diametn. 
even  when  openiting  on  rery  small  quantities.     (Anderson.)  C  G.  W. 

VT&ZTZS.  A  mineralogical  name  including  Tartous  netallic  solphidcs,  ebinfly 
those  of  ivtppt-r  and  iron. 

Arsenical  pyrites  includes  the  two  species,  leucopyrite,  FeAs',  and  mispickcl, 
FeAs'.  FeS«(ui.  368). 

Copper  pyrites  is  Cu*S.Fe»S*  (ii.  77). 

Iron  pyrites.  FeS*,  includes  the  yellow  or  cubic  species,  and  white  iron  pyritaor 
marca!*ite,  which  cr^^italliwn  in  trimetric  forms  (iii.  402).  Varietiea  of  the  latter  are: 
liadiat'd  pyriUi,  including  the  radiatad  maasai  and  more  simple  crystals  ;  apar  pyritm^ 
the  macled  crystals;  krpatic  pyritex,  the  deoompused  lirer-biowa  monometrie  crriitals 
origiually  consistinguf  yllow  iron  pyrites,  also  certain  hexaeonalpseudumorphs;  nr<f<b>- 
comh  pi/ritea,  the  crest-like  aggregations  of  marcaaite;  e^ular  pyrites,  the  cellotsr 
rarirtien  formed  by  tho  decomposition  of  crystals  of  galena  which  contained  fthns  ot 
pyrites  between  its  layers. 

Hagnetie  pyrites  or  pyrrbottn  is  generally  Fe^S*  (iii.  402). 

Tin  pyrites  is  Cu'S[SnS».Fe'B«).     SeoTm. 

Variegated  pyriti^s  or  erubescite  is  FoS.2Cu*S  (ii.  78). 

The  native  sulphides  nf  copper  and  iron  are  extensively  iu«d  for  the  otim^^tioo  of 
sulphur  and  the  mnnufucture  of  sulphuric  aoid  (see  Richardson  a&d  Watts^s 
Chemical  Technol^y,  vol.  i.  Ft.  3  and  Appendix). 

VTKOJlCimc  8PXRZT.     Syn.  with  AcvroKa. 

PTSOAX-XXAJIXG  AOIS.    Syn.  with  Fhtealic  AifHTDBn»B  (p.  631)l 

PTSOBfilVZOXiiirs.     Syn.  with  LopHiyi  (iii.  733). 

PTKOCAUKPSntSTIC    ACXB.     C'^JI^'O*.     ^Schwanert,  Ann.  Cb.  Pham. 

eixviii.  77  ;  Jalmsb.  1863,  p.  397.) — An  acid  prodocod  by  the  action  of  heat 
eamphretic  acid,  one  of  tne  products  of  the  action  of  nitric  acid  on  camphor. 
When  camphor  is  heated  with  10  or  12  pts.  of  nitric  acid  of  !«pecjfic  gravity  1  34,  the 
liquid  cohobatrd  as  long  as  any  action  goes  on.  the  product  freed  as  completely  ■« 
possible  by  repeated  evaporation  from  camphoric  acid  (i.  730)  which  crjatallises  out,  and 
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niiri{!  add,  tnd  thfi  iyrupT  mother-liquor  thru  trcaiod  vith  10  pta^  of  coM  mitr, 

camphrcticacid,  C'*H'*0'  -  ^        n«    ^   {o^.diMolreB,  while aoothrr  ■cid  rvmuM 

behind.     Xu  purify  the  product,  thr  fllterrd  Bolutioa  u  eTft|ioriite<d  tiU  t!i' 
Bolrea  completely  in  cold  wiittT,  and  the  Botutiun  ia  fmctioniitljr  pr«i' .i  ■•«* 

immediati'ly  or  after  nputmliftatinn  with  airmuni^,  with  n«utni]  ai'rlJilr  ui  .  _  .,  -  ..irh 
throws  dowQ  the  post  of  the  camphoric  iicid,  togethrr  with  a  thinl  acnl.  'Ihf  M>ltitjfm 
filtered  &ci(n  th«8e  leAd-i«alts  is  then  oonipl^t^ly  precipttAtcd  with  arrUte  of  l^w:!.  th« 
wanhed  precipitate  ifl  d«oompo<«d  by  i>ulpliydnc  acid,  and  the  acid  flltrnte  i*  erapuratt^L 
C&mphretic  acid  ia  thus  obtained  an  an  incxlorous,  pale  yellow,  thick  arnip,  lilte  Voiica 
turpentine,  having  a  sour,  pungrnt,  and  somewhat  bitter  taste.  It  diaacMTfla  eaailj  in 
water,  iilcobol,  and  ether,  and  forma  uneryfitalliaablfl  aalta,  haring  the  (t*Mml  lorawlft 
Ci*H''M»0\ 

The  rtAyic  ether,  C'H'^CH^rO',  obtained  by  decompoaing  th**  rilT^r-aaU  with 
iodide  of  ethyl,  or  by  passing  hydrochloric  acid  gaa  into  the  alooliolie  •'ilution  of  lh« 
acid,  ia  a  non-volatile  viacid  oil  of  8pccific  gravity  l'U776  at  13'^.  Dnlhjfi-<a\ 
acid,  C'*H'*(C'H*j*0',  is  produced,  together  with  th*;  nrulnil  ethrr.  by  tb* 
mentioned  process,  and  may  be  extracted  by  Ireatini;  X\\v  oil  acparated  by  watvr  wiUl 
dilute  Boda-ley,  agitating  tbo  neatraliMnl  Notation  with  trlhnr.  anaevapofmlinglbAaUMr. 
It  then  remains  aa  o  thick  viscid  oil  of  spcciHc  gravity  1128  at  13°. 

Camphretic  acid  ftuhjfcted  to  alow  diatillatinu  in  an  o)l-b«th  yields  al  XM*'^  an  arid 
watery  difitiUjit*' coutniciing  acetic  acid  and  acetone,  then  between  180°  and  220*  an 
oily  distillaTj»,  wbirh  partly  solidiBett  in  tabular  rrystala,  and  finally  at  about  370^  a 
white  crystalline  Bublimnle,  with  a  large  reeidue  of  charooaL  The  oily  body  ^VPp' 
camphretic  acid,  C'*H"0*;  the  tabuhir  cryNtala  are  metacainphretie  arid,  C"H"0*; 
the  sublimate  consiata  of  camphoric  anhydride,  C''H'*0*. 

Fyrocamphretic  acid  is  a  pale  yellow  n»cid  oil,  hearipr  than  wati-r,  haf^acafl 
aromatic  odour,  and  a  slightly  sour,  burning,  aromatic  taste.  It  boils  bHwan  VJf* 
and  210°,  does  not  solidify  at  O'^,  is  instjluble  in  water,  but  dimolvM  ta  akohol 
and  ether,  forming  strongly  acid  solutiuna.  The  bariom-aalt  and  the  Itw^  wit 
C"H"Pb*0\  are  white  amorphous  precipitatea. 

Ketaeamphretic  acid,  C"H'*0\  eryatallisea  frum  an  aleobolie  *otnlioo  <{»• 
culoriaed  with  animal  chiircoal,  in  rhombic  tiibleta,  which  m«lt  at  89^,  mAuUty  at  M'* 
dissolve  sparingly  in  cold,  pasily  in  hot  water,  and  in  alt  proportionn  in  al«obol  ia4 
fither.  The  a<)itaoua  sulution,  which  has  an  acid  reaction,  is  nut  prei'ipitatedavaasftaiff 
neutraliaation,  by  cak'ium  or  barium-salts. 

yTS.OCHX«OSB«  A  minerul  ronaisting  of  niobate  and  titanata  of  ralrium,  e«fillin, 
&C.  (p.  57)-  Those  varieties  which  contaiu  fluorine  without  water  w«r»  eaUad  by 
Hermann  jfuucA/^^r,  the  others  hydrochlore. 

VTSOCXXSZO  AGX98.  Acids  produced  by  the  dfatrurtive  diatlUution  of  citri« 
acid,  viz.  lioonitic,  citraoouic,  and  itaoonic  acids.  Meacaconic  or  ritracarlir  add, 
pruduced  by  the  action  of  Injiling  dilute  nitric  acid  un  citraconio  add,  b  aiao  included 
by  Gcrharvit  under  the  same  general  denomination. 

VTSOCH&OZTX*  A  variety  of  bnioite,  with  excesa  of  manganrae,  found  in  Iba 
Pajhberg  iron  and  manganese  mine  in  Sweden,  where  it  forma  white  iiHi'rroiiM  Tniui  in 
the  magnetic  iron  ore.  It  is  laminar,  aa  hard  as  brucite,  rflloresriyi  in  llie  Hir,aHitumin|{ 
first  a  bronze,  then  a  black  colour;  when  heated  it  becomea  grrm,  luid  aOrrwanU 
black,  with  loss  of  water;  contains  7fl-40O  MnO,  0000  FeO.  a  UO  MgO,  I'^TO  CaO, 
15-360  HO,  and  3834  CO'.     (Igelstrom,  Pogg.  Ann.  irxx\\.  IHl.) 

FTltOCILASZTa*  A  mineral  occurring  in  kidnry'shapml  maaaea  in  the  M'>iigo 
islands  on  the  Mosquito  coast  It  cousista  mainly  of  a  hydr»U>d  triealrie  phoaphatai 
Ca'P»0'.2H«O. 

vraocOVXVB.    A  baxic  poiannoos  iulvtance  Mud  to  ba  prodootd  by  the  dr^ 

distillation  of  hemlock  (Iliindw.  vi.  700), 

VTSOBEXT&nr.  (Q^lis.  Ann.  V.\\,  Phy*.  [)]  lit.  3Hft,>-A  pniJuet  nbuined 
by  the  roasting  of  aUrcb  (nppewring  Inderal  h»  b^  lhi»  only  coloured  aul«atan<*f  llien«hy 
produced),  of  cereal  grains,  potjilmwi.  niaiar.  \>r  »>^|W  Starch  u  n^.^ted,  with  constant 
stirring,  in  an  open  vessel  stronnly  beattd  "»n  .'»»■  •id--,  ix>m\\  \'>i\t^\<\\\%  l>#iiig  enntiniially 
brought  in  eontait.  with  th«  hot  pari,  till  il  »»  |Vx-^>  lW^a«  adWiiig  water,  ■well"  up 
strongly,  gives  off  pungent  vji|Miurn,  and  sint»r»  Itv^'^hfr.  m*  that  \\  is  nanly  orprnlt'd 
from  the  hot  bottom  of  the  ve>«pl,  It  is  then  di»<-dTe«1ittbo4  water,  tho  clriir  fillrrtt"  is 
evaporated;  and  the  rtiiidue  la  dried  ami  hraird  b*  Mn*!!  |v>MK»n»  in  an  air  Uth  to  ?20** 
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<—  SSO^,  to  oomplete  the  roasting.  Th»  spongy  prodact  thus  obtainMl  is  purift«d,  eopccttDj 
^m  adhpring  dextrin,  b^  rvpeatedly  diBMlring  it  in  water  and  precipitating  the 
[tolutioQ  with  aleoliol,  ua  long  ma  dark  flakes  continae  to  Bfipanit« — or,  ia  preseDC«  of  a 
large  quantitj  of  drxtrln,  by  precipitating  the  lujutjons  Bolution  with  frsmw  nf  harytt* 
water  containing  alcohol,  vwil^ng  the  remilting  pr«cipitat«  with  wmk  spirit,  p^aring 
upon  it  II  Quantity  of  sulphuric  acid  euffidrat  to  decompoM  it,  filtering  the  liquid  lA 
remoTe  sulphata  of  barium,  and  procipitatinf;  the  filtrate  with  alcohol.  The  prro. 
dextrin,  which  eepnrates  in  the  form  of  pyrup,  ifl  dissolred  in  a  small  quantity  of  water, 
thf?  filtrate  ovapoiated  over  thn  wuter-buth.  and  the  residue  dried  at  140^. 

Pyrodexthn  is  a  solid,  brown,  friable  inaM,  shioiog  and  tough  when  moiit.  Id- 
odorous  and  tasteli***!.  When  dn^l  at  IBO'-',  it  gives  by  analysis  457  per  cfnt.  esrbon 
and  6*2  hydn^n.  which  mnr  be  represented  by  the  empiiiatl  formula  O^H^O",  re- 
quiring 46-37  C,  6  24  H,  and  47'68  0. 

Oomimaiioiia. — Pymdextrin  when  exposed  to  the  air  takea  np3  at.  water,  and  sArn 
VardsdiMolTes  rondily  in  water,  forminga  brown  adhesivp  gum.  It  ia  sparingly  mlabla 
in  alcohol  uf  22  per  cent. ;  insoluble  in  absolute  alcohol  and  in  ether.  Aqurana  pJTO- 
dextrin  iu  not  culoured  purple-red  by  iodine  (like  dextrin),  but  is  decolorised  by  inout 
hydrate  of  aluminum. 

The  aqueous  solution  mixed  with  barjrta-water  and  weak  alcohol  vields  a  pr^pttdta 
coDttioiog  C'*H"BH''0''.Ba''0 ;  and  with  a«tat6  of  lead  and  abwiato  alcohol,  a  pre- 
cipitate containing  C-H^Pb-Q". 

De&mpofitiontt. — 1.  Pyrodextrin  remainf  Tinalterpd  at  210° — 220^.  but  decompoRf* 
at  a  higher  temperature  ;  take§  flro  with  difficulty,  and  leares  a  hazd.  coherent.  ttuWj- 
buming  cinder. — 2.  Wht'u  treated  with  nitric  ftcid^  it  riolds  oxalic  acid. — 3.  By  od  of 
vitHfil  or  strong  ht/drochioric  acid,  it  is  oonrorted  into  a  sparinffly  aolublc  brown 
powder;  dilute  sulphuric  or  hydrochloric  acid  ftlt^T**  it  b\it  verj'  slowly,  even  when 
neated. — 4.  It  reduce  mprous  oxide  from  an  alkaline  noiuHon  of  euprie  «*ide^  a&d 
from  solations  of  gold  and  n/rvr-nalts  it  reduces  the  metaU. 

PV&OI>MAX>XTB.     Syu.  with  PTBOsuALrra. 

PTaO'£X>ECXIlICXTT.    Electricity  developed  by  heat  in  erjrttale  (ii.  411). 

PTKOOA&XiSZV.  An  uncrystalliaable  product,  furm^  by  the  action  of  ammonia 
on  pyrogullic*  acid  in  Cfjien  vessels.  Its  furmation  is  probably  analogous  to  that  of  octsiji 
from  orcin : 

3C«H*0«   +   6NH»  +   0»     =-     C'*H*N»0'»  +   8IP0. 

Pyroftallic  PrrogElltia. 

Add. 

It  forma  brown  precipitates  with  many  metallic  salts ;  but  they  dooompoae  during 
washing.     (Rosing.  Compt  rend.  xlri.  1139.) 

VTXOOA.Xi£XO  ACID.     IHoxyphenie  acid,  C*H*0*.— Thin  ncid  was  first  obserrcd 

by  Soht-t'b'.  and  wtw  eonsiderexl  us  Hubliiiif-d  gallic  acid.  Berzclius  and  Pelooae  estab- 
lished its  oompositiuu.  It  contains  the  elements  of  gallic  acid  mixioa  carbonie  auhy* 
dride. 

It  is  best  prepared  by  heating  a  dried  aqueous  extract  of  cut-gulls  in  a  pot  on  which 
IB  placed  a  cup,  such  aa  is  tised  in  the  subhmation  of  benzoic  acid.  The  Teesel  is  placed 
in  a  sandbath  and  k^pt  at  a  lempcrHlure  of  180°  to  186°,  for  10  or  12  boonL  In  this 
way  about  6  per  cent,  of  acid  is  obtained.  According  to  Liebig  (Ann.  Ch,  Pharro. 
ci.  4").  gallic  acid  i»  the  beet  eourco  of  pyrogallie  acid.  The  coarsely  powdered  gujiie 
acid  is  mixed  with  twice  its  weight  uf  bniitieU  pumice,  and  placed  in  a  retort  in  the 
tubulore  of  which  ifl  a  tube  connected  with  a  carbonic  acid  apparatus.  The  advantage  uf 
this  arrangcmfnt  ia  that  the  pyrogiiUic  acid,  whicli  decomposes  almost  at  the  same  tem- 
perature as  that  lit  which  it  forma,  is  rapidly  removed  fnmi  the  n*lort. 

PyrognUic  acid  is  ahu)  produced,  together  with  galliL*  (dioxysolicyhe)  acid  by  the 
action  of  hot  caustic  potash-solution  on  di-iodosalicylio  acid.  (Lautamann,  Ann.  Ck 
Pharm.  cxx.  299  ;  Jtihresb.  1861,  p.  398.) 

PyrogaUic  acid  crystallises  in  long  flattened  prisma  soluble  in  2)  pts.  water  at  12^, 
and  somewhat  leas  so  in  alcohol  and  ether. 

It  melts  at  115^  and  boils  at  210^,  and  its  Tapour  excites  coughing.  At  360°  it 
blackens,  gives  off  water,  aud  leaves  an  abandaut  residue  of  mdagaUia  acid: 


PjfropilUc 
acid. 


NaUBmllte 


HK). 


[•UBmll: 
Add. 


In  the  diy  state  it  does  not  alter  in  the  air,  but  its  aqneotu  solution  become*  brown, 
and  leaves  a  black  residue  on  evaporation.  Tliis  change  is  most  rapid  in  the  present 
of  alkalis.     When  potash  or  soda  ia  added  to  a  solution  of  pyrogallic  acid,  the  hiIuUuo 
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b«cometi  npidly  Hack  from  absorption  of  oxy^n,  and  if  the  liquid  be  e7aporit«^  ft 
bUck  gammj  residue  of  carbonate  and  acetate  is  obtained.  It  ia  on  tfaia  npid  absorp- 
tion of  oxygen  that  the  use  of  pjrogallic  aoid  in  audiometry  is  baved.  (See  AxAX/tna  or 
GAnts.  i.283.)  According  to  Bovusinga  a  It.  Calvert  nnd  Cloez^boveTer  (Jahreab. 
1S63,  p.  389),  a  nmaU  portion  of  the  oxygen  ia  courorted  into  carbonic  oxiiir.  the 
Tolume  of  thAt  gaa  amounting  to  3 — 4  per  cent,  of  that  of  the  oxygen  absorbed  in  an 
atmosphere  of  pure  oxygen,  and  alnjat  2j  per  cent,  in  Hir. 

Pyrogallic  ucid  is  easily  oxidiKed  by  ptrmangnnate  of  poitusium^  and  the  reaction  is 
twed  by  Monier  (Compl.  rend,  xlvi  fi77  ;  Jahreeb.  1868,  p.  629),  for  th«  Toluraelric 
estimation  of  the  uoid.  It  is  not  acted  upon  by  hydrochloric  acid.  With  fuming 
suiphuric  acid  it  forms  a  brown  solution  containing  a  snlpho-acid  not  y«t  examined, 
With  fuming  nitric  acid  it  yit'Ids  oxalic  acid  (Rosing).  Its  aqueous  »>lution  is  tomed 
brown  by  nitrous  acid^  even  iavrry  jmiall  quantity,  so  that  in  fact,  pyrogallic  acid  affords 
as  delicate  a  test  for  nitrons  acid  as  iodiaedstarch-paate  (Schonbein,  Zeifachr.  anal. 
Cbcm.  i.  319). — Chlorine  turns  pyrogullic  acid  bliick,  and  giTee  off  hydrochJoric  acid. 
Iodine  does  not  nppear  to  act  rpon  it  below  200^  With  anhydrous  bromine  it  forms 
the  compound  C^H'5r*0'.  It  ia  not  acted  on  by  ammcnia-gtu  in  close  Teasels,  bat  if 
exposed  to  the  air  at  the  name  lime,  it  is  converted  into  pyrogalioin  (p.  768).  (Roaing, 
Compt.  rend.  liv.  1149  ;  Jahresb.  18.*i7,  p.  316.) 

When  pyrogHlIic  acid  is  added  to  milk  of  lim^^  the  liquid  ossamM  \  beautifol  red 
tint,  vhich  rapidly  passes  to  a  deep  brown.  Thia  reaction  ia  so  delicate  as  to  i«r7a 
for  dHecting  small  quantitira  of  the  acid. 

The  solution  of  %frrroua  salt  added  to  pyrogallic  acid  produces  a  benutiful  indigo 
colour,  the  presence  of  the  innAllcet  trace  of  ferric  salt  produces  a  deep  green  tiuC 
With/fTric  4alU  alone  a  red  colour,  but  without  a  precipitate,  is  obtained.  Dichrtmtats 
of  potassium  produces  a  brown  colour. 

The  salts  of  mercury,  silver,  gold  ajxd  platinum  are  easily  reduced  to  the  metallic 
state  by  pyrogallic  acid. 

Pyrc^llic  acid  is  extenairely  used  in  photogmphy  aa  a  rniucing  agent,  and  also  in 
some  processes  for  colouring  the  hair  brown  or  black. 

It  is  a  weak  acid.  The  mTdition  of  the  smallejit  quantity  of  alkali  gives  it  an  alkaline 
reaction  and  coloura  it  It  libeniti-^  carbonic  acid  from  the  nlkalico  carbonatois  but 
out  from  the  carbonates  of  the  alkaline  eartbs.  According  to  Iio>ing,  it  does  not  de- 
compose any  carbonates. 

The  pyrogallates  are  little  known.  They  are  more  soluble  than  the  ^Ilatps,  but 
likf'  them,  thoy  liiive  a  strong  tendency  to  bn^ime  coIoutkI  in  contjicl  with  the  air. 
To  prevent  this  altenition  thev  should  be  evapomted  in  a  vacuum. 

Thft  potassium-salt  crystallises,  according  to  Prlouze,  in  rhomboidul  plutf«.  Accord- 
ing to  Busing,  on  the  other  hand,  pyrogallic  acid  does  not  form  drlinite  salta  with 
ammonia  or  with  the  fixed  alkalie. 

The  most  stable  of  the  pypogallatea  is  the  antimony'Salt,  C*H*SbO*,  or  rather 
C*H*(ShO)'0",  which  separates  in  white  nacreous  laminie  on  mixing  a  srimewhut  con- 
centrated solution  of  the  acid  with  a  boiling  solution  of  tarrar-emctic.  It  remains 
unaltered  at  130°  is  insoluble  in  water,  but  dissolves  eosdy  in  hydrochloric  add 
(Rosing).  A  lead-salt  containing  2Ci«H>''Pb"0«.Pb*H»0«-(-H»0  is  precioi^atad  ou 
dropping  a  solution  of  noutml  lead-acetate  into  an  excess  of  pyrogallic  acid.  (Slen- 
house,  Ann.  Ch.  Phftnu.  xlv.  1.) 

Pyrogallic  acid  also  combines  with  gelatin  kqA  casein.  When  heated  for  36  hours 
with  stearic  add  to  200°,  it  forms  a  crystalline  compound  which  cannot  be  Bt'parated 
horn  the  excess  of  stc^aric  acid.    (Rosi  og.) 

Tribromopgrogallic  acid,  C*H'Br*0*, — Produced  by  the  action  of  anhydrous 
bmmjne  on  dry  pyrogullic  acid,  and  separates  from  alcohohc  solution  in  large  oystals 
containing  1  at.  water.  It  in  nearly  innuiuble  in  cold  water,  docomposablo  by  boiling 
water.  The  solution  when  mixed  with  alkalirt,  n'X|uirc»  a  deep  red  colour,  changing  to 
brown  on  expobiLro  to  the  air.  Perrous  sulphate  produces,  even  in  a  very  dilate  solu- 
tion of  the  hromine-compotxnd,  a  deep  blue  colour,  turning  black  on  prolonged  exposure 
to  the  air.    (Rosing.)  £.  A. 


VTltOC-Slf .    A  came  applied  by  Diunifui  to  pyro-acids  and  other  product*  of  (bs 

action  of  hf^at  on  organic  bodies. 

PTROaEK'IC  Acm.    Syn.  with  Fobkio  Actd. 
IfTSLOGltVClC  ACID.      Syn.  with  PTBODEXTRIX. 

PTXOOliTCii&xir.    Syn.  with  Diglyceriu  or  Biglyceric  aleofat^  (Set  G  iTnairt, 


7G0  PYROGLYCroE-PYROATECONIC  ACID. 

VTKOO&TCZSa.  Syn.  with  Biglycide.  ^^^^*{o*  (he.Ht.). 

ratomTCX-TXmnbraVKOimACIB.    (C'H*)*VO^— An  add  produced 

.H«     ) 
hy  the  action  of  nitric  acid  on  dithiogljceriD  or  trithioglycarin  (ii.  895).     It  is  a 

Stinimy  deliquescent  mawf.  Its  salts,  funned  by  tbe  snbstitntion  of  2lP  or  M*  for  the 
astcbjdn^en  of  the  acid,  are  insoluble  in  alconol,  and  with  the  exception  of  the  lead* 
•alt,  deliquescent.  The  ftolution  of  the  free  acid  erapomted  with  dilute  nitric  acid, 
yteldn  glyceri-monosulphuruus.  oxalic,  and  sulphuric  acids;  with  excess  of  nitric  add, 
only  the  two  latter.     (Cariun,  Ann.  Ch.  Pharm.  cxxiv.  221.) 

VTROaVOacxc  IMCnmttA&S.  Minerals  which  when  heated  to  &  certain 
d^Ttre,  exhibit  a  glow  or  incandescence,  probably  arising  from  a  new  disposition  of 
their  molecules.  Such  is  the  case  with  gudulinite,  orthite,  pyrochlore,  tachnewkinite, 
oianotantalite.  euxenite,  polycrase,  raalacone  and  a  certain  Tarie^  of  aphene  (Handw. 
d.  Chem.  vi.  62) :  see  also  Amobphibm  (i.  200). 

rTKOaVAXACIC  ACXB.     Syn.  with  Qcaiacol  (ii.  946). 

VTSOOVAIACZar.  A  crjrstallioe  substance  produced,  together  with  goaiacol, 
by  the  dry  distillution  of  guaiaretic  acid.    See  Gtaiacum  (iL  948). 

PXBOL&«  Pjt/rofa  (or  ChimaphUa)  umbellaia^  contains  according  to  8.  Fai  rbank. 
(Am.  J.  Pharm.  xxxii.  264;  Jahnwb.  1860,  p.  647).  an  irun-greening  tannin,  starch, 
gam.  uncryiitaUittable  sugar,  pectic  acid,  resin,  fat,  chlorophyll,  an  acrid  resinooa 
substance,  a  yellow  colouring  matter,  and  a  yellow  crystaUiue  body  called  chima- 
phyllin.     The  leaves  (?  dried)  yield  6-24  per  cent,  tuth. 

On  distilling  the  plant  with  water,  chimaphyllin  condfnsee  in  the  neck  of  the  retort 
(the  stalks  yiiTd  more  than  the  leaves).  It  crystallises  in  long  golden-yellow  needles, 
tasteless,  inodorous,  sublimable  without  decomposition,  insoluble  in  water,  soluble  in 
alcohol,  ether,  chloroform,  and  oils  both  fixed  and  volatile.  The  alcoholic  solntion  is 
not  precipitated  by  mercuric  chloride  or  tanuic  acid. 

9TROUBZC  AOn>«     Syn.  with  SssAac  Acid. 

VTSO&ZCnrBOVS  AOZB.    Impure  acetic  acid  obtained  by  the  distillation  of 

wood  (i.  9). 

rrmo&xwa.    Syn.  with  Ptkbol. 

VTKOXiITKOraii&ZO  AOZ9.  C**H"0*.— An  add  oU  produced  by  the  dT7 
distiltntion  of  lithofellic  acid,  the  chief  constituent  of  some  kinds  of  oriental  bezoar 
(ii.  684).  LithofoUic  add,  C*H*0*,  is  extracted  from  these  concretions  by  solution  in 
boiling  alcohol,  and  crystallisefl,  after  decolorisation  with  animal  charcoal,  in  rerr 
small  rhoniboVdal  prisms,  colourless,  hard  and  easily  pulverised.  It  dissolves  in  29 
pts.  alcohol  at  20^,  and  in  6^  pts.  boiling  alcohol :  in  444  pts.  cold  ether  and  47  nta. 
boiling  etlier.  It  melts  at  206°,  Tolatilines  in  white  aromatic  rapours  wlien  meltea  in 
an  open  vessel,  and  is  converted  by  diy  distillation,  with  loss  of  1  at.  water,  into  pyro- 
lithofellic  acid. 

ratO&rvzXiZO  AOZB.  C»n»0»  -  2C'»H"0«.H»0.  (Sobrero,  Ann.  Ch. 
Pharm.  liv.  206  ;  Gm.  xiv.  206.) — A  product  of  the  dry  distillation  of  olivil  (p.  200). 
It  is  a  colourless  oil.  heavier  than  water,  having  the  tante  and  smell  of  eugenic  acid ; 
boils  above  200°.  It  is  very  slightly  soluble  in  water,  but  easily  soluble  in  alcohol  and 
in  ether.  The  aqueous  solution  reddens  litmus.  The  oil  dissolves  chloride  of  calcium, 
and  cannot  again  be  separated  therefrom.  It  dissolves  readily  in  caustic  potash,  but 
without  yielding  a  cryst&Uisable  salt  (thereby  distinguished  from  eugenic  acid).  The 
add  reduces  nitrate  of  silver,  and  ia  converted  by  nitric  acid  into  picric  acid  and  a 
Msin. 

The  alcoholic  solution  of  the  acid  forms  with  basic  acetate  of  lead,  white  curdy  flakes 
which  dissolve  in  alcohol  and  are  separated  from  the  solution  by  evaporation  or  by 
dilution  with  water.  When  sejnurated  by  evaporation,  they  contain  57*6  per  cent, 
lead-oxide ;  when  precipitated  by  water,  63*2  per  cent.,  the  former  agreeing  with  the 
formula  C'»H»0«  Pb'O. 

yTKO&VSZTX*    Native  peroxide  of  manganese  (iii.  811). 

YTSOHKAXiZO  AOZB.     S^m.  with  Maluc  Acin  (iii.  784). 

VTXOBSAXZO  ACID*  An  acid  obtained  by  subjecting  pimaric  acid  (p.  645) 
to  diT  distillation:  probably  identical  with  sylric  add  (Laurent:  see  OmtlinU 
Bandoookf  xvii.  325). 

DOmo  AOUK    OH^O*.    Pgrvcommie  acid, — An  add  iaomerie  with 


PYROMECONTC  ACID, 

^pyromucie  acid  and  citraconic  anhydride,  produced  by  the  dry  di^rillrtion  of  * 
or  of  mecuDic  acid: 


C'H*0»     - 

C0«   +    C«H*0»; 

and  CU'O* 

-     C0»  ♦  0^*0". 

Bfrronic 

Com^nic 

Coutentc 

rrnxft*- 

•eld. 

itlrf. 

atid. 

•WtCATM. 
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It  waa  discoTPred  by  Scrtumpr  in  1817,  but  regnrdud  as  Hentical  wilb  OMttTiuc  soriL 
till  the  iliff<-rcnro  wius  pAJnted  out  by  Robiqnet  in  1833.  It  has  l»een  cbiaffr  KadU 
by  Robiquet  (Ann.  Ch.  Pbys.  [31  ▼.  282 ;  U.  230),  Stenboaae  (FhiL  Hag.  [V) 
xxiv.  128),  iind  J.  F.  Browo  (PliiL  Mag.  [4]  it.  161  ;  riii.  201), 

P,vromcronic  acid  \»  prt^ptircd  by  subjecting  meconic  acid  to  dry  difltinaUoa,  bKifteo 
£60^  and  3*20'^,  preiising  thp  nemifluid  distillate  Iwtween  paptr,  and  pariffing  it  bv 
aublimution.  It  forma  lar^'o  tranaparoat  tables,  dissolTes  eiuuly  id  watfrmnain  alaohal, 
nidts  at  120-'— 12fi^  and  8ublimea  easily  even  belov  100^.  Its  aqoHma  ■olotkm  is 
coloured  rpd  hy  ferric  stiita.  It  is  easily  oxidised  by  nilneaeid  and  by  txMM  of  ckior- 
ine-watrr,  antl  convrri«l  into  oxalic  acid.  With  hromine-v<ater  it  rields  brcrmo- 
pyromeconic  acid.  It  is  nut  actvd  upon  by  iodine,  but  ch/uritU  of  iodine  oonrcrta  It 
into  iodopyromecunic  acid. 

Pyfomeoonates.  Pyromcoonic  acid  is  monobasic.  It  ii  a  Tery  weak  acid,  do«« 
not  decompose  carboiiat<«,  and  does  not  appear  to  form  definite  ttalts  with  thio  alkalis, 
inaamucb  as  an  alkaline  solution  of  the  acid  in  potash  or  ammonia  depoaits  free  VT*^^ 
meconic  uciJ,  when  b-ft  to  cTaponile. 

The  bariutn-aait,  C''H'Bft'0".H=0,  and  tberaZ-aVm-saft  C'*H'CH'0«.rT»0.  sepamte  in 
slender  neodl^s  when  n  eolation  of  the  acid  supersaturat'Ml  viih  nmmunia  is  mixed 
with  ttc<tate  of  liariuni  or  calcium. — The  utrontmrn-nalt,  C"H*Sr"0'.H  O,  separatss  on 
mixint!  aloohulie  uitmtt*  of  ntrontiuni  with  an  alcuholic  and  animoniacal  aulutioo  of  pj- 
rumt-eouic  acid,  a.4  a  wliitc  crt'^taliine  powdtT,  and  may  b«'  obtained  in  stellate  gronpa 
of  nee<lie«  by  crystallisation  from  water.  Tlie  euprir  salt,  C'H'Ctt"©*,  is  formed  by 
boiling  the  aqueous  acid  with  ftxce-ts  of  cupric  hydrate,  and  separates  from  the  filtrate 
on  cooling  in  lonp,  sU^ndiT.  emi'niUI-nnien,  very  fragile  needtei).  It  may  also  be  obtained 
by  mixing  Hminoniaca]  cupric  sulphate  with  a  warm  aqueous  solution  of  pyromeronio 
aciil.— The  //TTW  W/,  C^H^tVO  ",  ia  deposited  in  Term  il  ion -coloured  crystAb  on 
adding  ferric  chloride  to  a  hot  concentrated  Kflnlion  of  the  acid. — The  UaJ-Hjlf, 
C"li*Pb''0*,  prepared  like  Ihe  barium-salt,  is  a  white  crystaliiDa  powder. — The 
minimum  *tut^  C**'H"Hg''0*,  is  a  white  amorphous  precipitate,  obtained  on  mixing  th« 
warm  aqueous  solution  of  the  add  with  Mcctate  of  magnesium. — The  sUper-saii  is  ol»* 
tained  on  addinc  nitmtt*  of  Bilier  to  the  aqueous  acid,  as  a  yellow  grlatinouf  precipi- 
tate, moileriitply  Rfilublc  in  water  and  in  alroliol. 

No  ether  or  ftiiiick'  of  pyrom<*cnnie  acid  has  yet  been  obtAined. 

Bromopyrameoonlo  aold,  C*H'15rO',  is  obtained  by  adding  bromine-wator  to 
the  aqueouK  Piilution  of  pyromoconic  acid,  care  being  token  to  avoid  an  excess  of 
bromine,  ai^  that  wouM  produce  oxalic  add.  Bromopyroiiiecnnic  acid  seperatas  from 
the  solution  cm  atandinct  in colourleu  prisms slipibtly  soluble  in  cold,  more  solnble,  with 
acid  reaction,  in  boiHng  water,  easily  suluVde  in  boiling  alcohol,  which  dcpovilc  it  by 
slow  cooling  in  nhortfncd  prisms.  It  is  coloured  dark  red-purple  by  ferric  salts, 
dissoires  without  alteraOon  in  sulphuric  acid,  but  is  decomposed,  with  efferTesceDce, 
by  nitric  acid.  AVhen  distill'^l  it  gives  off  hydrobromic  acid,  and  if  the  heat  be 
ooQtinued.  yields  a  er}'HttiHino  sublimate. 

It  is  monobasic,  does  not  precipitate  or  reduce  nitrate  of  silver,  and  giTei  no  pred* 
pitate  with  bariura-.  calcium-,  or  ma^cBium-saltJ*,  even  in  pr«^enrn  of  ammonia.  With  a 
hot  itnlution  of  ammoniaral  cuprite'  ftulphutc  it  fomm  a  MuiNh  precipitate.  Tlie  It^ul- 
Baft,  C"H*Br'Ph'0*  (  +  H-O  acconliui;  to  Brown),  is  obtained  on  mixing  tlie  hot  alco- 
holic solutions  of  pyrom#»tHjnic  acid  and  acetate  of  l^ad,  aa  a  white  pn^ipitate  royn^ 
pos(;rl  of  §mnll  nceillea  which  quickly  docompono.  It  is  insoluble  lu  wuter  and  in 
alcohol, 

Zodon^romeconlc   aold,  C'H^IO".      (J.  F.  Brown,  Phil.  Mag.  [4]  riii.  201.) 

— 'Producei]  b}*  the  action  of  protoi'hlonde  (or  pmtobromidc)  of  iodine  in  aqueoumioln- 
tion  on  a  eold  saturated  iiomtion  of  pyromeconic  acid.  It  cryfltallises  in  shining 
liimin^,  melts  when  ht-nte*!  above  1(10°,  forming  a  blncli  liquid,  which  then  suddenlr 
decomfwses,  giving  off  n  largi'  quuntity  of  iodine.  Nitric  arid  d*<«>mpo«ps  it,  with 
separation  of  iodine.  WIiod  In^ated  with  rxrr»«  of  chloride  uf  imiino  it  yields  yellow 
hexagonal  plates  which  wore  regarded  by  Hrown  as  a  peculiar  subst*no%  MmimcnMi 
Cfl*l*0',  but,  pr  bubly  conHiwt  of  iodoform  (iii.  IIMV 

lodopyromcconic  acid  diBsolres  sMiriiigly  in  (N.K!  wtttcr  and  nItMhol.  sbnndnnlly  in 
both  liqui^Is  at  the  boiliuK  heat.  Tlir  aquiv^uR  solution  in)|iarTN  «  dtrp  purple  cnlour 
to  ferric  rbloride,  and  forms  with  nitrate  of  silver  a  yelluwisli* white  prucipitAte  aulnbls 
in  ammotua. 
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The  aloohoHc  solution  of  the  add  mixed  with  ammonia  forma  vith  acetate  of 
barium  a  crystalline  salt  having  the  oomposition  C'*H*I'Ba"0".H^O.  The  Uad-talt, 
C^H'I'Pb'O*.  obtained  in  like  manner,  is  an  amorphous  precipitate. 

VTXOm&ZVB.  Hjdmted  sulphate  of  niclcel,  occarring  in  capillary  interlacing 
crystals,  or  aa  a  greenish- white  efBoreecence,  at  Wallace  Mine,  Lake  Huron,  on  a  aul* 
phide  of  nickel  and  iron  ;  also  as  an  earthy  pale  yellow  crust  at  the  Frerichs  Mine  near 
Bayreut    (Dana,  ii.  386.) 

VTStOMaXi&mC  A0X3>.  C*H>0*  or  C<*H*0*?  (Erdmann,  Ann.  Ch.  Fharm. 
bucx.  281.) — Produced  by  distilling  mellitic  acid  at  as  low  a  temperature  as  possible. 
It  then  either  sublimes  in  vhite  ciystals,  or  dietils  over  as  an  oil  which  aohdifiaa 
in  a  crystalline  mass  on  cooling.  Carbonic  anhydride  is  given  off  at  the  same  time, 
together  with  a  little  carbonic  oxide,  and  a  carbonaceous  residue  is  left: 

2C*H«0*     «     C*HK)*  +   SCO   +  HK) 
or  more  probably 

3C«H'0*     -     C'«H*0«  +  2C0». 
It  mav  also  be  obtained  by  distilling  a  mellitate,   the  copper   or  sodium-salt  for 
example,  with  sulphuric  acid ;  but  the  beet  mode  of  preparing  the  pure  ciyafalliaed 
acid  is  to  decompose  the  sodium-salt,  purified  by  ciystalliaation  from  alcohol,  with  hy- 
drochloric or  nitric  acid. 

Pyromellitic  cry(<tAllise8  in  colourless  tricUnic  prisms,  exhibiting  according  to 
Kaumann,  the  combination  oP  :  ooF.  ooT  .  P^ .  ;P.  Poo  .  2I*qo  .  Angle  oP  :  otP*  — 
111°;  oP  :  »P  «  940  16';  <»T  :  ooF  «  76*  30';  oP  :  P  «*  62°;  oP  :  P  «  71° 
45';  oo'P  :  P,  <-  73°;  »F  :  P.  -  140°  46';  odP  :  ,P  -  147°  46';  oP  :  »Poo  « 
99*^  46';  oP  :  2P«  -  76°  30' :  ooP«  2l»oo  -  166"  46'.  The  crystala  are  slightly 
soluble  in  cold  water,  vriy  soluble  in  boiling  water  and  in  alcohol. 

The  acid  dried  at  100° — 120°  exhibits  the  following  composition : 

Erdmuia. 

. — - — ' s  C">H«0"  C«H>0« 

Carbon 47  27—47-81  4724  47  6 

Hydrogen 2*34—  241  237  1'6 

Oxygen h          h  ^0-39  608 

10000  1000 

-f3H*0  +HaO 

Water  of  ciysUlUsation     .        .         12-33— 12-53  12-41  126 

The  formula  CHH)*  accords  best  with  the  analysis,  and  also  accounts  most  readily 
for  the  formation  of  the  acid  {vid.  sup.). 

The  crjstftls  heated  to  100°  give  off  12*5  per  cent,  water;  at  a  higher  temperatunt 

the  acid  melts  and  sublimes  with  partial  decomposition    tlie  melted  acid  if  strongly 

heated,  takes  6re  and  bums  with  a  bright  smuky  flume.    The  add  dissolves  without 

decomposition  in  hydruchloric,  nitric,  and  sulphuric  acids  at  the  boiling  heat,  and  is 

■    precipitated  by  water  from  the  lant-montioned  solution. 

According  to  the  formula  C"H*0',  pyromellitic  acid  is  tetrabasic,  the  formula  of  its 

normal  salts  being  V  ^.w  >  0*.    The  pyromellitates  of  the  alkali-metals  arecolonr* 

less,  crystalliHable,  veiy  soluble  in  water,  insoluble  in  strong  alcohol,  slightly  soluble 
in  w<iik  8pirit.  Their  solutions  precipitate  a  large  number  of  metallic  salts,  the  pre- 
cipitates being  very  apt  to  retwn  alkali,  to  avoid  which  it  is  best  to  pour  the  alkaline 
py  romellitate  into  an  excess  of  a  hot  solution  uf  the  metallic  salt.  The  oarium-,  cahium-, 
uad-^  and  tUwr-aalU  are  white  crystalline  precipitates.   The  Uad-salt  gave  by  analysis 

65-34  and  65*23  per  cent  lead-oxide,  the  formula  C'^H^IVOMTO,  requiring  66'49  per 
cent.— The  silver-salt  gave  67*7  to  680  per  cent.  Ag'O;  the  formula  C**H»Ag*U» re- 
quires 680  per  cent. 

VysOBCmuna.  A  granitoid  rock  containing  felspathic  spherules  thickly  dis- 
seminated.   (Dana,  ii.  246.) 

PTSOlCaTBX.  An  instrument  for  measuring  high  temperatures.  (See  Heat, 
iii.  20.) 

VTSOMOXXVTAnXC   ACX9.    Syn.  with  OxYPHKiic  AcrD(p.  316). 

VTSOMORJPBZTa.     Kative  Phospbato- chloride  of  lead.     (See  pKOSPKaTBi,  p. 

567.) 

See  pTROHrcTC  Acid,  Amdbs  of  (p.  764). 


t 


PmOMUCIC  ACID. 


1G8 


YYBomrcxc  acid.  c*H'0'- 


0»H«OM 


H    '|0.or(0'^r|o.or(^^p)-|0.. 

Pyrofich'eim^dure.  BrmzschleimsiJnre. — Thia  acid,  metameric  wiUi  pyromeconic  acid 
and  citDiConic  anhydride,  van  dificoverodb^rSchAeltfm  1760,  bat  ivgKrded  ut  that  time 
as  aacciaic  acid.  It  wa.t  first  recognised  as  a  dtatinct  acid  br  Honton-Lnbillar* 
diire  (Ann.  Ch.  Fhjs.  [2]  iz.  365),  and  baa  been  furtber examined  b;  Prlouxe  (Ann. 
CIl  Pharm.  ix  273) ;  Buaaaingnu  It  (iWtf.  xv.  184) ;  Liea-Bodurl  (i/'/t/.  c.  327): 
Bchwanert  {ibid,  cjor.  63;  cxri.  257);  and  by  Scbmelz  and  BeiUtvin  (i^u/. 
SuppL  iii.  27A). 

Il  ia  produced  bj  the  dry  diatiUation  of  mucic  acid  : 

C^'»0»     «     OH'O*  +   CO*   +   8HK>; 

and  by  the  oxidation  of  furfurol.  C*H*0*|  which  u  tta  aldehyde. 

lU  relations  to  fiirfuml  and  tx>  biu^ea  uiv  aufflciently  repmeatad  bytbe  6rat  rational 
formula  aboTe  given  ;  but  its  relatiuns  to  OLrbopyroIanude  and  carbopyrrolic  acid 
(p.   76-i),  are  better  expressed  by  the  second  or  third. 

Preparaiwn. — I.  Mucic  acid  is  sabjcct4?d  to  dry  distillation;  the  distillate  is  mixed 
with  water,  filtert^d,  and  evupomted  to  the  crystallising  point ;  and  the  product  is  pnrified 
by  recrj'stiilliaation,  duitillation  or  sublimation. — 2.  t'urfurol  is  boilwi  with  wster  and 
recently  precipitated  wlver-oxidt* ;  the  silver  is  pn-cipitutrd  from  the  Bltmt*'  by  hydro- 
chloric acid  ;  lht3  liquid  again  fiUered  and  erapomtwi  to  the  cr^'st-ailisin);  po  nt ;  and  the 
aeid^  whieh  Qsua]}y  has  a  green  colonr,  i»  parified  by  recrrslMllisatiiin  from  dilute 
alcohol  (Schwanert), — 3.  An  alcoholic  solution  of  furifurol  mixed  with  a  solution  of 
potash  in  absMjlute  alcohol,  eolidifit^  to  a  crystiilline  mass  of  potassic  pymmucatt*,  from 
which  the  acid  may  bo  obtained  by  distillation  with  hydrochloric  acid  (Ulrich. 
Zeitcchr.  Ch.  Pfaarm.  Ifl6l,  p.  186).  Ptirt  of  the  pyroniucic  acid  is  converted  at  tite 
same  time  into  pyromucic  ult-ubuL     (Sehiueli:  and  Bfil stein,  p.  7G*'>.) 

JVoper^tr*.— Pyromucicftcid  forms  white  needles  or  laminae  which  m«ll  at  130^,  and 
sublime  easily  eren  hf^low  100^.  It  ^Us^lves  in  28  pts.  of  cold,  and  4  pta.  of  boiling 
water,  and  is  easily  soluble  in  alcohol. 

Deoompotitums. — 1.  Pyromn^^ic  acid  is  not  attacked  by  nitric  acid. — 2.  'hyaulpMurio 
anhydridt  it  is  converted  into  sulphopyromucie  arid,  C*H*SO'.  —3.  With  ptmtwhltmtU 
of  phosph&nis  it  yield.^  chloride  of  pyromucyl,  C*H'0''C1. — 4.  By  beomint,  in  presence 
of  wat«r,  it  is  converted  first  into  a  heavy  oil  (probably  C*H*0*),  wfaieh  appears  to  have 
been  prnvioiuly  noticed  by  Cahoura  {Gm.  Handh.  z.  384),  and  nltimatdy  into 
znucobromic  acid,  CH'Br'O* : 


C^H'O'   +   Br*   +   2H'0 


cm^HO*  +   C0»   +   6HBr. 


VTith  chl&rine  in  like  manner  it  yielda  mucochloric  acid,  CHKH'O*.  (Sehmeli 
and  Bcilat«in.) 

Pyromncatea.  Pyromucic  acid  is  monobasic.  It  diasolrea  sine  and  iron  with 
eToIution  of  hydrogen, 

Tho  p}'romucatf>B  of  the  alkali-met&lfl  are  easity  soluble  in  water  and  alcohol,  and 
difficult  to  crystallise.  The  pQtassiuvi-$alt,  C*E'KO",  separates  after  a  while  from  it« 
alcoholic  solution  mixed  with  ether,  in  brilliant  scalra  azul  needlea  permanent  in  the 
air.  The  sodium-*aIt ,  O^H'NaO\  resembles  thir  potasaium-aalt  and  may  be  crystallised 
in  like  manner.    (Schm  elz  and  Beilrit  ei  n.) 

The  barium-satf,  C'*H*Ba'*0«,  forms  sniiUl  crvstaU  soluble  in  water  and  in  alcohol 
(Schwanert).  The  caieium-mit,  C"H'ra"0",  is  obtained,  by  neutTalising  the  aqueous 
acid  with  marble  and  cvapt^ratinp,  in  small  crystaU,  easily  soluble  in  water  and  in 
alcohol.  When  prepiir4:'d  likf^  the  potasaium-solt,  it  forma  a  snow-white  crystalUne 
powdor.     (Schmels  and  Beilsteia.) 

The  cupric  gttlt,  obtained  by  nentralisntion,  forms  small  green  crystals, 
C'"H*Cu"0*.GlI'0,  more  soluhlo  in  hot  than  in  cold  water. 

The  /mrf-tfo/^  CHTb^U'-aiPO,  sbparates  from  a  conccntratod  aqueous  solution  on 
cooling  in  beaotiful  white  hard  crystals,  sparingly  soluble  in  cold,  more  soluble  in  hot 
water.    (Schmf  Iz  and  Beilstein.) 

The  nlver-aa/t,  C*H"AgO",  fcrnw  white  cryitalline  scalei,  but  ia  partly  daoompoaed 
daring  the  eraporation  of  ita  aqueous  solution. 

Appendix  to  Pyromucio  Jeid. 

1.  Mnoobromlc  acid.  C*HT3r*0».— To  prepare  this  acid,  bromine  is  slowly  added 
to  pyromucic  B<;id  covered  with  a  little  wat^-r  in  a  cooled  vessel  till  it  no  longt-r  dis- 
appears ;  and  the  product  is  digested  with  excess  of  bromine  over  the  water-b»ih.  till 
the  heavy  oil  produced  in  the  first  stage  of  the  reaction  (wrf.  tup.)  in  wliollv  cf-nverted 
into  macoLromic  acid.     The  solution  concentrated  at  the  he«C  of  the  waler-Wh  yields 


! 
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nracobRnnic  add  in  tnfti  of  vhit«  nacreoni  cryBUlline  laminae,  mndi  more  aolnUe  in 
hot  than  in  cold  vater,  euily  aolnble  in  alcohol,  melting  at  120*',  and  rabliming  with 
partial  decompoeition. 

Mncobromic  aod  reddena  litmna  paper  and  decompoaea  carbcmates,  hnt  ita  aalta  are 
rtry  unstable.  A  aolation  of  the  acid  in  absolute  alcohol  digeated  for  acme  time  vith 
hydrochloric  acid,  }  ielda  on  addition  of  water,  oily  dropa  probably  oonaiating  of  ethylic 
mocnbroniate. 

When  mncobromic  acid  ia  boiled  with  excess  of  bftryta-watcr  in  a  close  rcasel,  car- 
bonate of  barinm  is  precipitated,  gaaeons  bromacetylene  is  given  off,  and  a  aolution  ia 
formed  containing  bromide  and  maconate  of  beriom.     The  reaction  ia, 

2C*H»Br*0»  +   H»0     =     C'HK)*  +   CHBr  +   2C0«  +  SHBr. 

MiKohromic  Huconic  Broni' 

ad^  add.  acetjlene. 

Boiled  with  axid€  o/nlver,it  yields  a  ailrer-salt  having  the  composition  Cfl*Br"AgH)*, 
the  reaction  probably  taking  place  as  shown  by  the  equation, 

2C*H«BrK)*  +  2Ag«0     -    CH*Br*AgH)»  +  AgBr  +  HH)   +  CO". 
Thia  n1rf>r-flalt  decom[XK«d  by  snlphnretted  hydrogen    yields  a  crystallised  addi, 
C'H*Br*0*,  which,  when  boiled  with  baryta,  is  reaolred  into  mnconic  aod,  bromacety- 
lene, hydrobromic  acid  and  carbonic  anhydride : 

C'H*Br'0»     -     C*H*0»   +   CTIBr  +   2nBr  +   00«. 

The  ultimate  products  are  therefore  the  same  as  when  mncobromic  acid  itself  is  treated 
with  bnryta* water.     (Schmela  and  Beilstein.) 

2.  MucoeUoiio  aoid,  C'H^CI'O*.  is  prepared  by  passing  chlorine  gas  into  a 
WHrm  nqneouM  Huluiion  of  pyromurie  acid,  and  concentrating  the  liquid,  first  over  the 
watt'r-bath,  then  oror  oil  of  vitriol  and  lime.  It  form*i  small,  shining,  limpid  crystals, 
easily  soluble  in  water  and  alcohol,  and  melting  at  125^.  (Schmels  and 
Beilstein.)  • 

3.  IKaeoalo  meld,*  C*HH)". — When  the  liquid  obtained  as  aV>ove  by  the  action  of 
bajTTta-water  on  mucobroraic  acid  is  freed  from  excess  of  baryta  by  means  of  carbonic 
acid,  and  thefiltrat«  is  evaporated,  muronatt  f'/'iartUMisdeposited  in  crystalline  cmsts 
which  may  be  purifif-d  by  washing  with  cold  and  reciystalliaation  from  hot  water,  or 
better  by  precipitation  with  alcoboL  It  then  forms  white  flakes,  consisting  of 
2C*Ba''0MlK>.  Its  aqueous  solution  mixed  with  neutral  acetate  of  lead,  yields  a  white 
precipitate  of  mueimati'  of  lead ^  which  disbolves  in  boiling  water,  and  separates  in  small 
crystulH  on  cooling.  By  decomposing  this  lead-salt  with  sul|^aretteil  hydrogen,  and 
evup«^rating  the  filtrate,  muconic  acid  may  be  obtained  in  cr^stula.  This  acid,  so  far 
as  its  empirical  formula  is  concerned,  is  homologous  with  pyromucic  acid.  (Schmels 
and  Beilstein.) 

VTSOBCUCZC  ACm,  AMCZSBBOr.       1.  Ptfromucamide,   OH^KO*    - 


C»IPO» 


I  Nor  CC*H^)'"  |N  ^^   (OH'Orl^.— Produced  by  the  action  of  ammoniac 


pyromucic  chloride  (Liis-Bodart).  or  by  heating  ethylic  pyromncate  with  strong 
aqufouo  ummonia  for  some  time  to  TiO*'  (SchwanertX     It  is  crystal  Usable,  melta  at 
about  130^,  and  sublimea  easily  without  decomposition.     It  is  soluble  in  water  and  in 
I  alcohol 

'  ^'      )N 

2.  CarbttpyrroHe  acid,{C*m'0)''\^  . — This  compound,  metAmeric  with  pyromuca- 

I  H       J" 

j  mide,  and  reUted  to  it  in  the  same  mannner  as  alanine  (lactamic  arid)  to  lactamide 

I  (iii.  453),  or  gtyifwine  (glycoUumic  acid)  to  glycoUamide  (ii.  902,  908X  is  obtained  as  a 

■  barium-salt  by  Iwiling  cartKjpyrroUmide  with  excess  of  baryta  an  long  as  ammonia 

it  continues  to  escape,  removing  thp  excess  of  baryta  by  carl>onic  acid,  and  evaporating ; 

oirbopyrollate  of  barium  then  sepamtes  on  cooling  in  lar;r^  crystalline  laminie,  and  the 
aqueous  solution  of  this  salt  decomposed  by  strong  hydrochloric  acid  deposits  carbo- 
.  pvrrolic  acid  in  small  white  prinms.     It  Jtulilimen  at  abnut  190^  and  d<vompOAes  at  a 

.  alightly  higher  temiKTature  into  carbonic  anhydride  and  pyrrol:  C*H"NO*  «  CO*    -»- 

I  (''H*N.     It  is  quickly  decompn8*»d  by  ncids,  yifiding,  instead  of  pyrrol,  the  producta  of 

I  decomposition  of  that  bubstance,  namely  ammonia  and  pyrrol-red. 


*  Thi»  r-MB*  U  also  applied  to  an  arid  hartnn  th«>  rompotttion  CVH'CH,  prodticv-d  by  the  aHlfm  of 
u»ren(  hyitrng^n  on  tb«  add  C*H*CI=iO«.  whirh  Uiur  rrtulU  from  th"  return  of  peoiacbloria*  of 
phctplioriu  va  mucicacld.    (Bude,  Ano.  Cii.  Pharm.  cxaaii.  9d.)    Sw  AmaMX. 
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Carbopifrrolate  of  barium,  C"ll*I5a''N'0\  fonni  Urge  while  l«mtii«,  tolnblc  io  Titer 
and  in  alrohol. — Tho  Inid-aalt.  C'*H'Pb'N  0*.  ol>lHm»Hi  by  (lnH>mpomag  th»  btfinm- 
bhIi  with  fxc«'ss  of  Irail'b^'dmt**,  w  yrry  Boluble  in  irater,  And  nrmaiai  in  iucr«oiu 
cr}*staUiDe  scalos  u  ht^n  the  aolatioD  U  evapomted* 


3.  Dipyromucamide    or  Carbopt/rrolamidf^  C*H*N*0     —     (0*H*Oy 
H« 


^      1 
H*    i 


(C'H'OrlNV 


-Thii  eompoond  iras  first  obtained  by   HalagQti   (Ann.   Ch. 


Fharm.c.  327),  by  the  dbttillation  of  murateof  aniTnnniutn(ormaL^midp).  dod  bos  since 
been  more  ftilly  examined  by  Schwanert  (lAirf.  wtn.  270).  It»  formatiou  from 
niucate  of  ammonium  is  represented  by  the  equation : 

C'H-(NH«)«0"     »     Ofl'N'O   +   CO"  +  SH'O. 

Part  of  the  product  is.  however,  resolvwi  into  smmonia  hd(1  p^ttoI  (p.  793X  To 
prepare  it,  mncute  of  Hmmoniam   is  subjected  to  dry  distillatiou ;  the  uily  luy^^r  of 

Syrrijl  whirb  floala  on  the  watiiry  distillute  is  removed;  the  »olalion,  coDUinine 
ipjTomucamide  and  carbonate  of  nmraoDitim.  is  evapomied  over  the  viiter>bath  ;  ana 
the  dipymmuciimide  \a  extracted  fn>m  Ibii  rrwtalb'ne  residue  by  alcohol,  and  puri6ed 
by  recrv^taUietation  from  the  sumo  liquid,  with  addition  of  animal  chitrcuitl. 

Dipvromucami'ie  forms  vhit«\  shining  Uminn?.  easily  soluble  in  alfohol  and  ether, 
less  soluble  in  water.  At  173°  it  melts  to  s  liquid  which  solidifies  to  a  ciystulUne 
mass  at  133''.  When  boiled  in  aqueous  solution  with  excess  of  baiyta,  it  i»  resolved 
into  ammonia  and  carbopyrroUc  acid  : 

C*H*S'0   +   H»0     -     NH«   +   C»H»NO«. 

VTSOnroCXC  AXCOKOIL.  a  compound  related  to  pyromucic  acid  in  the  snme 
manner  as  benzylic  aleohol,  C'U'O,  to  benzoic  acid,  C'H*0',  and  produced  (togi-tlier 
with  pyromucic  acid)  by  the  iiction  of  ale^jholin  potash  on  furfiimt  just  ss  >ieiisvlic 
lOoohol  \»  pr<x!uced  from  bitter  almond  oil.  It  is,  however,  more  easily  pPoducc<l  by 
the  ai^tion  of  tK»liuia-amalgHm  on  furfarol.  It  is  a  brown<red  oily  liquid,  nearly  in- 
soluble in  wuter,  very  easily  soluble  in  alcohol  and  ether,  decomposed  by  diMillatiun, 
roDvrrted  by  alknlitt  into  pyrumucic  acid.  (Schmelz  and  Beilstvin,  Ann.  Ch. 
Piurm.  Suppl.  iii.  27S.) 

PTmOBCVCXO  CKZiOSXna.    OlPO'd.— Produced  by  distilling  pyromurir  seid 

with  pmtu^hloride  of  phoMphonis.  It  iff  a  liquid  whi"h  boiN  at  170°  is  converted  by 
water  into  pyromucic  acid,  and  by  ammonia  into  pyromucamide.     (Lids-Bodart.) 

F-mOMUCXC  STBB&S.     Ethytio  Pyromucatf,  CIP(C*H*)0«,  ia  obuiurd 

by  distilling  pyroraufic  acid  with  alcohol  and  hydrochloric  acid  (MalatCoti).  It 
I'nrmw  &  Uminn-cr^'staltine  ma'ts.  melting  at  34-,  Ivjiling  between  208®  and  210**,  easily 
soluble  in  atcohul  and  ether,  insoluble  in  wat^r.  With  ammonia  it  forms  pyromu- 
camide. 

2.  When  this  ether  is  subjected  to  the  action  of  dry  chlorine  gas,  it  takes  np  4  at. 
cldorine,  without  evolution  of  hydrochloric  acid,  and  forms  chloropyromucie 
ether,  C'H"C1\C*H*)0^  a  fragrant  syrupy  liquid,  easily  soluble  in  alcohol  and  eUiec, 
insoluble  in  watvr,  and  dcwmposing  when  heated,  with  abundant  evolution  of  hydr\*- 
chloric  acid.  With  the  fixed  alk-jbs  or  ammonia  it  yields  alcohol  and  a  ni>-talIio 
chloride.  (Hataguti.)  The  acid  corresponding  to  this  chlorinated  etlier  haa  nut 
yet  be<:n  obtained. 

VTKOVS.  Bohemian  garnet  containing  chromium  (iL  772),  Moberg  impposes 
the  chromium  to  be  in  the  state  of  chromoiis  oxide,  and  givf^,  ;is  the  result  ofanalysisi 
41-35  per  cent  SiO»,  22*36  Al'O*,  9  94  FoO,  4  17  CrO.  1500  MgO,  and  6-29  C'aO. 

9TKOPBCTXC  ACXB.    A  black  snbstance  produced  by  the  action  of  beat  on 

pectic,  panipcctio,  or  metMppctio  acid  (p.  369). 

VTKOPBOKITB  (from  irvp  and  ^^pfw).— This  term,  in  its  widest  senite,  denotea 
any  snhbrnnco  I'upable  of  taking  fire  spontaneouMly,  or  on  very  alight  elevation  of  Uni' 
pt'rature,  aa  is  the  case  with  phoaphoniH,  phoaphoretted  hydrogen,  cacodyl,  &c. ;  bat  it 
is  more  commonly  restricted  to  tinely  divided  solid  bodies  which  exhibit  this  property, 
such  as  metallic  troa  reduc^  frnm  the  oxide  by  ignition  in  hydrogeo.  Tue  spon- 
taneous inflnnimabilitv  of  such  bodies  is  due,  partly  to  their  powerful  attraction  for 
oxyjzen.  partly  to  their  pulverulent  state,  wbicb  enables  tbem  to  condense  the  air 
npiilly  within  tlieir  pores,  thereby  eaniting  a  considerable  rise  of  temperature,  while 
al  the  Hame  time  ihcy  present  a  large  aurhtce  to  the  action  of  the  oxygen.  When  a 
solid  mau  of  iron  ia  ezpuaed  to  the  air,  the  beat  developed  by  the  oxidation  of  tb« 
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Kip^r6c-:.il  parttVlM  i»  nt  one©  conduct*^  «»»▼  thwghont  the  entire  rata,  to  tint  tb« 
temfH^mtuiv  cannot  ri^  fufficiently  for  the  oxidation  to  eo  on  ;  but  when  the  metAl  U 
reduced  to  a  heap  of  very  tine  particles,  buite  numbera  of  theae  come  into  contact  with 
the  air  at  th#-  eame  inata'nt.  and  the  heat  derelopwi  by  their  oxidation  is  not  co2>dact«d 
away  to  others  which  txke  no  part  in  the  action  (ijee  Cohbcstiox,  i.  1096), 

The  pyrophoric  chancter  ia  exhibited  by  all  the  more  easily  oxidable  metala,  which 
are  r«daced  by  hydn^en  at  temperatares  below  that  at  which  their  particles  fuse  or 
w*-ld  together,  <.ff.  iron,  iiickel,  cohalt,  and  mancanese ;  also  by  the  mixtures  of  finely 
UiTided  metal  and  carbon  obtained  by  igniting  the  tartrates,  citrates,  oxalates,  and 
other  organic  salts  of  lead,  iron,  and  some  other  metals.  Tartrate  or  citrate  of  leal, 
when  if£nit«d  in  a  glass  tube  as  long  as  traseous  matter  is  evolved,  and  then  left  to 
cool,  takes  fire  instantly  on  being  thrown  out  into  the  air.  The  sulphides  of  f«ta»ium, 
sodium,  and  lithium,  obtained  by  igmiting  the  corresponding  sulphates  with  lamp- 
black, and  the  alum-pyrophoms  or  Homberg*s  pyrophoni^,  produced  by  heatine  alum 
with  lamp-black,  starch,  or  flour,  likewise  exhibit  spontaneovo  inflammability.  (Haudw. 
d.  Chem.  ri.  718.) 

FTSOPmosvmAJCZO  ACma.  Gladstone  in  1849  (Chem.  Soc  Qu.  J.iiL 
13.5),  by  subjecting  chloronitride  of  phosphorus  (p.  517)  to  the  action  of  alkalis, 
obtained  two  tribasic  acids,  to  which  he  assign<>d  the  formul»  P*NH"0^  and  P"N*H"0*, 
the  first,  called  iUopht>»phoric  acid,  oonnisting  of  phosphoric  acid  +FX,  and  tha 
second  called  diutazopKofjfhoric  acid^  or  phoRphoric  acid  +  21^.  Laurent,  howerer 
(Corapt.  Chim.  18o0,  p.  387),  suggested  that  these  acids  were  smic  acids  derived  from 
pyrophosp boric  acid,  the  firnt  being  pyroph-»pkam%e  acid,  PO»H*0*,  and  the  second 
pyrophotphodiafiiic  acid,  P*N*H*0* ;  and  these  fonnulse  hare  been  confirmed  by  the 
more  recent  analyses  of  Gladstone  and  Holmes  (Chem.  8oc  J.  zrii.  225).  Lastly, 
Gladstone  (i^>id.  xix.  I)  has  completed  the  series  by  the  discovery  of  pyrcpkospJic- 
triamic  oicid^  P'N'H'O*.  The  relations  of  these  acids  to  pjrophosj^oric  ada  may  be 
exhibited  as  follows : 


Fyrophospboric  acid 
Fyrophosphamic  acid 

I^fTOpbospbodiamic  acid 

Pyrophospbotriamic  add 


P«H*0'     - 


PTiHH)*     -    P«(yH»)H>0«    - 


P»iPH«0»    -    P«(NH«)«H«0« 


PTPHW    -    P»(Nin)«HO* 


orrttherP^SH)*H*0«    . 


(P«0»)»* 
H« 

(P=0»)»' 
H* 


•is- 


Fyrophosphamic  acid  is  tribasic,  and  pyrophos|^odiamic  add  is  dibasic,  as  indicated 
by  their  formube ;  but  p,\rr>phosphotrianiic  acid,  which  from  unalogymight  be  expvctcd 
to  be  monobasic,  is  iu  ^  ality  tetraWic,  being  capable  of  yielding  di-,  tri-,  and  tetra- 
metallic  as  well  a-s  monomr'tallic  salts:  hence  it  is  best  represented  by  the  formula 
in  the  last  line  of  the  precMlin^;  table. 

I.  yyropluwptuunlo  add,— P-XHK)*.— This  acid  is  produced  from  pyrophospho- 
diamic  acid  by  simply  heating  its  aqueous  solution  : 

P»N'H-0*  +  HK)  -  P»>'H*0«  +  NH»; 
but  the  decomposition  is  apt  to  go  too  far,  yielding  ultimately  nothing  but  pbosphats 
of  ummonium.  The  metallic  pyrr^phoftphaniates.  however,  are  mor«  stable,  and  those 
which  are  in(«oluble  in  dilute  acitU,  the  ferric  or  cupric  salt  for  example,  ai«  Msily 
prepared  by  heating  an  alkaline  pyropho>pbodi&mate  with  an  acid  solution  of  the 
metal: 

P»N=H'M«0»  +  Ma  +   H*©     -     P»NH«M»0*  +  NH^CL 
Pjrrophocpbo-  Pyropbocphuiuts. 


By  decomposing  the  silver-salt  with  hydrochloric  acid  and  evaporating  the  filtrate, 
pyrophosphamic  acid  is  obtained  as  a  semisoUd,  non-crystalline  mam,  having  an  acid 
re4u:tion,  deliquescing  in  moist  air,  soluble  in  alcohol,  and  capable  of  bearing  a  strong 
heat  without  decomposition. 

Pyrophoiupkamaie  of  Ammonium  is  obtained  as  a  gummy  mass  by  decomposing  the 
iMd-aalt  with  somewhat  less  than  an  equivalent  quantity  of  smmonia,  and  eraporaiing 
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thfl  filtrate  in  vacuo  over  oil  of  vitriol.  The  potaasmm-aaltf  obtained  in  like  manner 
by  decomposing  the  ferric  salt  with  potash,  in  also  a  gummy  mass. 

Sarium-salt,  P'N'H^Ba'O'*.— To  prepare  this  salt,  an  alcoholic  solution  of  chloro- 
nitride  of  phosphorus  is  decomposed  by  potash  or  ammonia ;  the  liquid  is  erapoTBted 
to  dryness ;  the  residue  dissolved  in  water ;  and  the  resulting  solution  of  pyrophospho- 
diamate  of  potassium  or  ammonium  is  boiled  with  fixceas  of  barium-chloriae.  The 
pyrophosphamate  of  barium  is  then  precipitated  as  a  white  granular  powder,  easily 
soluble  In  nitric  or  hydrochloric  acid,  insoluble  in  acetic  acid. 

The  cupHc  salt,  P*N*H'Cu»0'*.2HK)  (at  100*),  prepared  in  like  manner  by  boiling 
the  slightly  acidulated  solution  of  an  alkaline  pyrophoaphodiamate  with  cupric  sulphate^ 
is  ablue  fiocculent  precipitate.— The /«rr«;  mlty  PT!fH*Fe"'0*, prepared  in  like  manner, 
is  a  white  flocculent  precipitate,  which  affords  a  very  characteristic  reaction  for  pyro- 
phosphamic  acid. — The  atlver-aalt,  P'NH^AgH)*,   is  a  white  precipitate.— The  «/w- 

salt,  P*N»H*Zn*0'«,  is  a  white  granular  powder. 

2.  VTroptaoaplKMUamlo  aolO,  F^'H'O*.— This  acid  is  produced :  1.  By  the 
action  of  water,  or  better  of  alkalis,  on  chloronitride  of  phosphorus  in  alcoholic  so- 
lution.   (Gladstone.) 

2P»N»a'  +   15H«0     -     3P*N»HK)»  +   12Ha. 
2.  By  the  action  of  ammonia-gas  on  phosphoric  anhydride  '.* 
P*0»  +  2NH*     -     I«N'H«0». 

8.  By  passing  dry  ammonia-gas  over  phosphoric  oxychloride,  till  it  is  converted  into  a 
white  solid  substance,  taking  care  that  the  temperature  does  not  rise  too  high,  and 
treating  this  product  with  water,  which  dissolves  it  completely,  the  solution  containing 
hydrocbloric  and  pyrophosphodiamic  acids,  partly  as  ammonium -salts ; 

2(PC1"0   +  NH')  +   3H*0     -     PN^H-O*  +  6HCL 

The  solution,  when  exactly  neutralised  with  ammonia,  yields  precipitates  of  pyrophos- 
phodiamates  with  several  metallic  salts. 

The  last  two  methods  may  be  modified  by  using  the  very  strongest  solution  of 
ammonia  instead  of  the  gas.  There  are  also  other  methods  of  producing  this  acid. 
4.  By  throwing  pieces  of  pentachloride  of  phosphorus  into  the  strongest  aqueous  am- 
monia, when  some  pyrophosphotriamate  of  ammoniam  is  at  the  same  time  formed ;  but 
the  main  result  accords  with  the  following  equation : — 

2PC1»  +   12NH«  +  6H«0     -     P«N»H«0»  +   10NH*CL 

6.  By  exposing  phosphoric  oxychloride  to  amraonia-gas  at  100°,  when  4  at.  of  the 
latter  are  alworbed  (mstead  of  2  at.,  as  described  under  the  third  method),  and  sub- 
mitting ihe  product  to  the  action  of  water — 

PCI»0   +  4NH«     =     PN'H^CIO   +  2NH'CL 

2PN*H'C10  +   3H«0     «     P*N«H»0*  +   2NH*CL 

6.  By  performing  asimilar  experiment  ata  much  higher  temperature,  the  same  amount 
of  ammonia  yields  different  products,  one  of  which  is  insoluble  in  water,  bat  when 
heated  with  sulphuric  acid,  dissolvpj^  with  the  formatiou  of  p^Tophosphodiamic  acid.— 

7.  The  same  compound  is  fonned  when  pyrophosphotrixmic  acid  is  heated  in  a  similar 
manner  with  sulphuric  acid— 

PN'H'O*  +  H«SO«  +  H»0     =    P»N«H"0*  +  (NH«)HSO*. 
Or,  8.  When  the  same  acid  is  heated  alone  until  it  begins  to  suffer  de«>m position.— 

9.  Gerhardt's  phosphamide,  heated  with  sulphuric  acid,  also  yields  pyrophosphodiamio 
acid,  thus — 

2PN«H»0  +  H«SO*  +   3H*0     -     P*N^«0*  +  (NH*)»SO*. 

The  general  formula  of  the  pyrophosphodiamates  is  P'N'H'SPO*,  the  acid 
being  dibasic  It  is  somewhat  difficult  to  obtain  these  salt^  pure,  on  account  of  the 
facility  with  which  they  are  converted  into  pyrophosphamates. 

The  barium-sait,  P*N'H*Ba"0*,  is  a  gelatinous  precipitate  which  dries  up  to  a  white 
earthy  powder. — The  nloer-talt  has  the  composition  P*N'H*Ag*0*. — The  xinc-saltf 
P*N*H*Zn"0*,  is  a  gelatinous  precipitate  easily  soluble  in  acids,  and  to  some  extent  in 
ammoniacal  salts ;  when  dry  it  forms  a  white  powder. 

•  Schlff(Ann.  Ch.  Fhann.  clll.  164).  lapponei  that  tbeprodact  ofthli  reacdoa  ltpAMpAffM/r«e^ 
PH*NO<;  but  Glnditone  has  ihown  that  tt  it  chleflf  pyrophoiphodlamlc  acid,  mixed  boweTsr  with 
metaphospboric.  and  pnAably  with  other  actda.   (Chem.  Soc.  J.  xvll.  S39.) 
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VyropXiMpbotrtaailo  «jld,P«N«HW  -  F(NHVHO<  -  (P»0»)" 

H 


»r 


or  rather 


P(NH)*H*0« 


-  <  vJo  •" 


-This  acid  is  likevise  formed  bj  the  suocessiTe  action 


of  ammonia  and  vater  on  phosphoric  oxychloride : 

2(PC1"0   +   4NH»)  +   2H*0     -     P»N"H'0*  +   6Ha  +   6NH». 

When  diT  ammonia  gaa  is  slowly  passed  into  a  flask  containing  phosphoric  oxy- 
chloride cooled  by  immersion  in  water,  1  at.  of  the  oxychloride  takes  up  2  at.  ammonia 
and  is  gradually  converted,  as  abore-mentioned,  into  a  white  solid  mass.  If  the  flask 
be  then  immersed  in  water  at  100^,  and  the  solid  mass  broken  up  from  time  to  time, 
%  at^  more  of  ammoDia  are  taken  up,  and  un  adding  water  to  the  white  substance  thus 
produced,  pyrophosphotriamic  acid  is  formed,  tc^ether  with  pyrophoephodiamic  and 
hydrochloric  acids,  the  two  latter  dissolving,  while  the  former  remains  behind,  and 
may  be  purified  by  washing,  first  with  cold  water,  then  with  a  little  dilute  alcohoL 

Pyropnoflphotriamic  acid  thus  obtained  is  a  white,  amorphous,  tasteless  powder,  which 
reddens  litmus  when  moistened.  It  is  nearly  insoluble  in  water,  but  is  very  slowly 
attacked  by  it  at  ordinaiy  temperatures,  more  quickly  when  heated,  yielding  pyro- 
pbosphodiamic  acid: 

P'N'H'O*  +   WO     -    P«N^«0»  +   NH». 

When  boiled  with  hydrochloric  acid,  it  is  speedily  resolved  into  phoaphoric  acid  and 
ammonia,  pyropbos^odiamie  add  being  an  intermediate  product 

Pyrophosphotriamatea. — The  acid,  as  already  observad,  is  tetrabasic,   th^ 

general  formula  of  its  normal  salts  being  most  probably  P^t  Nfl)»M*0*  or  (PK)"?*  >;^ . 

M*    )" 
The  acid  effervesces  with  solntions  of  alkaline  carbonates,  and  when  suspended  in 
solutions  of  metallic  salts,  usually  decomposes  them,  even  in  presence  of  the  lilented 
acid.     AU  the  pyrophosphotriamatea,  even  those  of  the  alkali-metals,  are  insoluble  or 
sparingly  soluble  in  water. 

The  ammonium-4ali^  VS*B*(SR*)0\  fonned  by  decomposing  carbonate  of  am- 
monium with  the  aciil,  cakes  together  in  small  white  lumps,  and  readily  gives  up  iu 
ammonia  to  dilute  arids  even  in  the  cokL 

Barium-talU,  The  monobarytic  talt,  P*N*H"Ba"0",  is  prepared  by  diffusing  the 
acid  through  a  solution  of  barium-chloride,  and  carefully  neutralising  the  liberaci^l 

acid  with  ammonia.  The  dibaryfic  so//,  P*S'H"Ba=0*  or  POf*H»Ba''0'.  by  sospeoding 
the  acid  in  excess  of  an  ammoniacal  solution  of  barinm-chloride 

A  white  cadmium^Mlt  is  obtained  by  treating  the  acid  with  chloride  of  cadmium:  a 
pven  ckn*mium-4altt  with  chromic  acetate.  The  mf,a/t-*ait,  P*N'H*Co'"0*.  proioi-e'l 
by  digesting  the  acid  with  a  slightly  ammoniacal  solution  of  cobalt-nitrate,  has  a 
bt'nutiful  vioiet  colour :  it  is  not  decomposed  by  hydrochluric  acid,  and  but  flowly  by 
dilute  sulphuric  acid. 

C<»;>f  er-sa//*.  The  nonocupric  ««//,  P'?»*H'*Ctt"'0*.  is  obtain^  as  a  pa!e  Kue 
compound  f^not  quite  pure)  by  treating  the  acid  with  a  slightly  seidnlat«>d  sUution  of 

rupric  nitrate.  The  dimprie  m/£,  P*N*H'*CuH!)*,  obtained  by  digesting  the  acid  with 
cupric  acftate,  is  greenish. 

IroK-*a:t,  A  «*>«  /•Trtm4iaa/*,P*N*H"Fe'0'.pro»lucedbydi£'f«incthe  arid  with 
ferraus  sulphate,  has  a  yeCowndrab  colour,  and  is  uuolnble  in  dilute  acida  No  /trrie 
pyropho»pbotriamatc  has  yet  been  obtained. 

ieai/-««/^*.— The  momi^pluimNt  talt,  PVH»'Pb'0".  is  obta?n*.1  far*  ^x  l-cviris^ 
the  acid  with  a  decidedly  add  solution  of  plumbic  nitrat*-:   the   dijm^w^  h^u 

P«N«H»»IVO*,  br 


a  solution  ooly  slightly  acidulated:    the  thfii 
P*N'H*Pb^.  by  warming  the  add  with  1«sm  acetate  of  lewl 

M^^n4*imm~$€ttt, — Hie  prodiKt  obtained  by  warming  the  abd  with  an  wmm^ 
niaeal  solution  of  magnenn,  va«hingwith  water  containing  a  little  ammou^  aaj  sftp^ 
wards  with  pure  water,  appears  to  be  a  auztnre  of  bmixh  and  di  micrwair  pyropte^ 
photrtamatea. 

Xba  mmnyaMttf-talt  is  yellowish. 

Mtrcwf'S^tt,  P^*>H*dgK)\  oUaincd  bydxAsxngtbe  add  thio^  ni 
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of  mpreuric  chloride,  or  a  slightly  acidulated  solntioa  of  ammonio-mercuric  chloride^ 
is  a  heavy,  white,  granular  powder  which  becomes  yellowish,  and  flrentuaUy  dark- 
ooloured  on  exposure  to  light  Iodide  of  potassium  first  turns  it  scarlet,  and  then  dis- 
■olres  out  the  mercury. 

Nickel- salt. — A  feebly  ammoniacal  solution  of  nickel-sulphate  yields  a  bright 
green  pyrophoephotriamate. 

Platinum-salt,  P«N^*Pt»'0^— Obtained  by  treating  the  acid  with  a  stzongsoln- 
tion  of  platimc  chloride,  as  a  bulky  yellowish  compound,  which  must  be  washed  with 
alcohol,  as  water  decomposes  it  in  presence  of  the  liberated  add. 

Potaasium-salt^  P^'H'KO*. — White,  almost  insoluble  salt,  produced  by  decom- 
posing carbonate  of  potassium  with  pyrophosphotriamic  add.  It  is  easily  decomposed 
by  acids. 

Silver-saltt. — The  motuhar^eniio  salt^  P'N'H'AgO^,  is  obtained  as  a  white 
floccttlent  predpitate,  soon  becoming  granular,  by  adding  nitrate  of  silver  to  water  in 
which  the  acid  is  suspended,  and  may  be  purified  by  digestion  in  dilute  nitric  add  or 
ammonia,  which  dissolves  out  a  slight  excess  of  silver.  It  is  insoluble  in  water,  and 
it  completely  decomposed  by  hydrochloric  add. — The  triargmtic  salt,  P'N'H^AgH)*,  is 
obtained  by  predpitating  an  ammoniacal  solution  of  silver-nitrate  with  a  solution  of 
piprrophosphotriamieadd,  or  better,  by  treating  the  mono-argentic^salt  with  ammoniacal 
sUver-nitrate.  It  is  of  a  bright  yellow  colour,  heavy,  granular,  and  when  dry  forms 
an  orange-yellow  powder.  Dilute  nitric  add  or  ammonia  converts  it  into  the  mono- 
argentic  salt.    Acetic  add  attacks  it  but  slowly. 

Thallium-salt — The  add  treated  with  nitrate  of  thallium  forms  a  heavy  white 
compound,  easily  decomposed  by  rather  strong  nitric  acid. 

Zinc -3 alt.— 'The  acid  decomposes  chloride  of  zinc,  forming  a  white  pyrophos- 
photriamate. 

VTmoVBOSPBOXIC  AOZO.    See  PHOSPHOBtrs,  OzTaBW-ACn>B  or  (p.  639). 

VTBOVBTXAXTB.  A  hydrated  alnminic  silicate  occurring  in  foliated,  talc-like, 
subtransparent  masses,  having  a  white,  green,  or  yellow  colour  and  pearly  lustre ; 
hardness  »  1 ;  specific  gravity  =  27 — 28  ;  fiexible  in  thin  laminae.  Before  the 
blowpipe  it  swells  up,  without  fusing,  in  fan-like  shapes,  increasing  to  about  twenty  times 
its  original  bulk.  It  forms  a  dear  yellow  glass  with  soda,  and  gives  a  fine  blue  colour 
with  cobalt- solution.     Partially  soluble  in  sulphuric  add. 

Jnalytes. — a.  From  Pschnunsk  in  the  Ural  (Hermann,  Pogg.  Ann.  xv.  392). — 
A. Spa  inBelgium  (Bammelsberg,  ihid.  lxviii.613).— c.Westanain  Sweden  (Berlin, 
ibid.  Ixxviii.  414).— <f.  Chesterfield  County,  South  Carolina  (Oenth,  Sill.  Am.  J.  [2] 
kriii  449) : 

SiO*.         AI*OS.       Fe^CP.       HnO. 

o.     69*79        29-46        ISO 

b.     6614        25-87 

e.      66-69        26-63        0-76        0'29 

d,    66-41        2860        091         .     . 

The    last    three     analyses    may    be    represented    approximately    by  the    formula 

2Al»0».9SiO'.3H'0 ;   the  first  by  (Mg''O.SiO').3(AlW3SiO*).3H«0.  Some  of   the 

Chinese  agalmatolitee  (i.  60)  approach  very  nearly  to  pyrophylUte.  (Rammels- 
berg's  Mineralchemu,  p.  586.) 

Syn.  with  PKTSiUTE  (p.  634). 

The  name  given  by  Thomson  (Phil.  Mag.  xviii.  372)  to  a  red 
Bubatance  extracted  from  elephants'  teeth ;  apparently  an  albuminoid. 

VTBOPXSSZTB.  A  yellowish -brown,  opaque,  earthy  substance,  occurring  in  the 
lignite  of  Weissenfels.  Boiling  alcohol  extraclH  from  it  30  per  cent,  of  a  white,  fusible, 
combustible  matter.  When  heated  above  100''  it  melts  with  tumefaction,  and  evolu- 
tion of  white  vapours,  to  a  black  infiammable  mass;  soluble  fur  the  most  part  in  oil 
of  turpentine.  By  distillation,  according  to  Marchand,  it  yields  62  per  cent,  paraffin, 
and  3  cubic  feet  of  illuminating  gas,  from  a  pound  of  the  materiaL  (Kenngott, 
Min.  Forsch.  1850—61,  p.  148.) 

vysOQimrO&.    Syn.  with  Htdroqcikoxg  (iii.  213). 

wrmomJLCmmzo  ACXH.  CHH)*  »  ^      [  O.     Pyruvic  add.     Brmuet^au- 

htnsSure.  (Berzelins  Ann.  Ch.  Pharm.  xiii.  61.— Volekel,  iM.  Ixzxi'x.  65. 
WislicenuB,  ibid,  cxxvi.  225.) — An  acid  homologous  with  glyoxalic  add  (CH^O*) 
produced  by  the  dry  distillation  of  racemic  or  tartaric  acid  :  probably  thus : 

C«H«0«     -     C'H«0»    *    CO'  ♦  H^O. 
Vol,  IV.  3  D 
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To  pt^pftre  it,  tartaric  ai-id  w  dittilled  at  a  toni()«Mture  gradoilly  risiiig  t.>  31(0",  and 
the  distilbite  ui  redistilled  spvend  times,  the  portion  which  goes  orer  betweeu  165**  and 
170°  being  ultimately  collected  apart.  This  distillate  left  for  some  days  orep  oil  of 
vitriol  and  solid  potash,  yields  pure  pyroracemic  acid.     (Volckel.) 

^noracemic  acid  is  a  b'qutd  hanng  a  taint  yellowish  colour,  smelling  like  acetic 
acid,  and  boiling  at  about  165^,  but  with  partial  decomposition  at  each  ^stiUation.  It 
is  soluble  in  water,  alcohol,  and  ether. 

When  subjected  in  aqueous  solution  to  the  action  of  nascent  Aydro^en— «TolTed  by 
»odium-amalgun  (Wislicenus).  or  by  sine  and  sulphuric  acid  (Debus) — or  of  k^- 
driodic  acid,  or  iodide  of  phoepkanu,  it  takes  up  2  at.  hydrogen,  and  is  eonrerted  into 
lactic  acid  C*H*(y,  ur  if  the  reducing  agent  in  employed  in  laiger  excess,  into  pro- 
pionic acid  (p.  730).  It  unites  directly  with  2  at.  bromine,  funning  the  compound 
<?H*Bp*0',  probably  broraolactic  acid.  These  reactions  show  that  pyroracemic 
acid  is  related  to  lactic  acid  in  the.  same  manner  as  acrylic  to  propionic  acid,  also  that 
its  relation  tu  acrylic  ucid  is  the  same  as  that  of  lactic  to  propionic  acid.  (Wis- 
licenus.) 

Pyrorttcemates.  The  acid  is  monobasic,  the  formula  of  its  salts  being  CH'MO'. 
They  ciystallise  well,  provided  that  heat  is  avoided  in  their  preparation.  The  pota*- 
gium-  and  audium-aalU  are  deliquescent.  The  sodium-stdt  forms  large  anhydrous  prisms, 
C»H"NaO*  The  lead-sa/t,  CU'VKO*,  is  a  crystalline  precipitate.  The  aUver-saft  is 
a1w>  ciystalUne,  and  may  be  recrystalUscd  from  boiling  water. 

fi.'Pi/roracemic  acid. — Wlien  an  aqueous  solution  of  pyroracemic  acid  is  eva- 
porated by  heat,  there  remains  a  non-volatile  syrupy  mass  which  appws  to  be  a 
polymeric  mollification  of  the  acid.  It  is  likewise  produced  when  the  actd  is  separated 
^m  its  Halts.  This  syrupy  acid  docs  not  form  crystallisable  salts,  its  salts  being  all 
amorphous  and  gummy.  The  same  gummy  salts  are  obtained  when  the  solutions  of 
the  cryHtalline  pyroraeemates  are  evaporated  by  heat 

When  pyroracemic  is  treated  with  excess  of  baryta,  a  yellowish  precipitate  is  formed 
having   the    compOHition   of   a  basic  barium-salt  of  tri pyroracemic     acid, 

C'*'H»Ba'0".BH''II'0*  On  boiling  this  precipitate  for  tome  houn  with  excess  of 
bar)  .ic  hydrate,  oxalate  of  barium  separates  out,  and  the  supernatant  liquid,  when 
freAl  from  baryta  by  sulphuric  acid  and  evaporated,  leaves  a  syrup  which  partly 
solidities  in  the  crystalline  form  (Finek,  Ann.  Ch.  Pharm.  cxxii.  182).  The  crystalH 
when  purified  by  recrystallisation  from  alcohol  and  ether,  constitute  Finck*s  uvitic 
acid,  0*11*0*,  which  melts  at  287°,  sublimes  without  decomposition,  and  forms  cryn- 
tatlisaUe  salts,  the  sparingly  soluble  silver-salt  having  the  cnmposition  CH*Ag*0*. — 
The  syrupy  liquid,  Finck's  uvitonic  acid,  has,  according  to  his  analysis,  the  comjio- 
sition  CIT'-K)^.  It  forms  amorphous  salts,  and  appears,  both  frum  its  properties  and 
from  the  analysis,  to  be  merely  the  above-mentioned  syrupy  modification  of  pyroracemic 
acid.     (KekuU.  Ixhrhuch,  ii.  213.) 

mOBarzar.    Retinite  irom  the  lignite  of  Aussig  in  Bohemia  (see  RamMm). 

VT&O&THZTB.     See  Orthite  (p.  237). 

FTKOSraSHZTBf  including  JiTisnimrrrrt//'. — These  minerals  are  alumino-silicatei 
containiut;  chromium.  They  occur  in  six-sided  prisms,  apparently  belonging  to  the 
hexa^oiuiT  system,  with  perfect  basal  cleavage  ;  also  massive. 

Pyroschrite  is  translucent,  with  a  ^en-greyish  or  reddish  colour,  and  weak  pearly 
lustre.  Hardness  —  2-6—8.  Specific  gravity  >«  2*6— 2'74.  Fractur*  uneven  and 
splintery.  0ives  off  all  its  water  at  a  strong  heat ;  melts  with  difficulty  beibra  the 
blowpipe  to  a  grey  glass,  and  gives  with  fluxes  a  faint  chrome  reaction.  Decomposed 
by  hydrochloric  add. 

KtBmmererite  is  also  translucent  and  has  a  pearly  lustre ;  but  its  colour  is  reddish- 
Tiolet  like  that  of  lepidolite.  Hardness  -  1*5—2.  Specific  gravity  -  2*617—8*62. 
Sectile  and  flexible.  Feels  greasy.  Oiresoff  empyrenmatic  water  when  heated.  Ex- 
foliates slightly  before  the  blowpipe,  but  does  not  ftise ;  gives  with  fluxes  tlu  reacriona 
of  chromium.    neccm[)o»tHl  by  hydrochloric  scid. 

Rhodoehrnmr  is  a  rarii'ty  of  ksmmerorite,  having  a  greenish-black  colour  in  the 
mass,  but  peaoh-blossom  red  in  thin  splinters.  Hi^ness  »  2*5 — 3.  Speeifle  gravity 
=  2*6fl— 267.  When  stronply  heated  before  the  blowpipe,  it  melts  on  the  eoget  to 
a  yellow  enamel. 

Anaiptet. — a.  Pyrowleriti-  from  Klba  (v.  K obeli,  J.  pr  Chem.  ii  51). — 4.  Kwm- 
mererile  from  Bis-newk  in  Sibt^ria  (Hartwall,  Beix.  Jahresb.  xxiii  266). — c.  K.  fr«m 
Lake  Atkall  in  the  Ural:  a.  crystallised ;  0.  massive:  rAo(f!ori(n>iii«  (Hermann.  J. 
pr.  Chem.  liii.  22). — if.  K.from  Texas,  lianoaster  County,  Peonaylvania :  «.  by  Qenth 
(Kill  Am.  J.  [2]  XT.  43S) ;  0.  by  Smith  and  Brush  (ihid.  xn.  41). 
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All  these  minerals  may  b«  rppreii?nt«d  as  compounds  of  a  mctuidlicate.  liT'SiO*  of 

M'O^iO*  with  an  alaminaU,  M'aI'O"  or  sn'O-iCiH)",  and  wat*r,  the  ahiminiam  liMng 
partly  replaced  by  cbromiam,  and  to  h  ervnter  extent  io  kjemm«rArit«  than  in  pyio** 
rlerit«.     Calling  the  eilicaie  A  and  the  amminato  B, 

a.  maj  be  represented  aa9^    +    Z7+      9aq. 
A.  „  9  ^    ♦    ZJ    +    12aq. 

c,  rf.  a  ^   +    B    4^      9  aq. 

Vermiculife  from  Hilbury,  Ma«i(ai;huiieiiA,  may  be  regarded  as  belonging  to  the  lame 
fiamily.  thoagh  it  conL^uns  no  (rhromium.  It  Iub a  grannlar,  scaly  structure,  and  greasy 
feel,  and  is  esperialTy  rharBot'»ri(»Ml  by  its  bohnvionr  b^'fore  tho  hlowpip*',  opening  out 
into  wonnlilce  threads,  expanding  to  many  timtft  i(s  original  bulk,  and  altinintely 
melting  to  a  yellowish-gwen  gIai>B.  It  ia  dpcomposed  by  hydrochloric  acid.  Contains, 
according  to  Crossley  [Dtanfs  Minrmfi^i/,  ii.  292),  35'74  per  cent.  SiO*.  16'42 
A1'0»,  27-44  MgO,  10-92  FeO  and  10-30  irater,  and  may  be  rcprreented  by  the  formula 

8M"SiO».fe'Al«0'.  8  aq. 

Chotticrite  [i.^Zl),  LoffoniU  (iii,  732),  and  7^6rn^  are  aometimea also elaased  with 
pyrosderite. 

VTXOSMAXtZTZ.  A  iilicatp  of  iron  and  maniranpae  containing  chlorine,  occurring 
in  hexapniuil  nriums  or  tables  haring  the  principal  nxis  »  O-6307.  and  exhibiting  (he 
fiacca  oF,  P,  2P,  ocP  Cleavage  perfect  pantUel  to  the  base,  imperfect  parallel  to  oeP. 
It  also  occurs  maasive.  Hardness  =  4 — 45  Specifle  gravity  *  3-0 — 3*2.  It  has  a 
brown  colour  and  pearly  lustre:  streak  paler  than  the  colour.  Fracture  nneven. 
rather  BpUnt-ory :  somewhat  brittle.  When  rtronply  heated  before  the  blowpipe  it 
melts  to  a  black  slag,  attractable  by  the  mapiet.  Fuses  reiwlily  with  borax,  exhibiting 
the  reactions  of  iron  and  manganese.     DissolTes  perfectly  in  atrong  nitric  acid. 

A  specimen  from  the  Bjelkey  mine  near  Noramarken  in  Wermland,  Sweden,  was 
found  by  Hiainger  (Schw,  J.  xiii.  341 ;  xjdii.  64)  to  contain  36-66  per  cent  SiO', 
35-48  Al'O*,  24-26  Mn'O",  1-21  CaO.  3*77  chlorine,  and  a  qmuitity  of  waUr  not  delar^ 
mined.  Ita  comiioaition  may  be  rei>re*iented  upproxiroalely  by  the  formula 
Fe"Cl".3(4M"0.aSiO'  +  2  aq.). 

Pyrosmalite  occurs  also  at  Nya  Eopparberg  in  Weatmanoland 

VTSOSOftSlC  AOZB.    Syn.  with  Malkic  Aero. 

VT&oaTEASXW.  The  n.inie  uppbf'H  by  Berceh'us  to  the<4eaa  fbiible  portion  of 
the  distillate  obtained  by  disrilliug  einpyreuniufic  oils  with  water,  the  more  fbaible  pOP* 
tion  being  called  pyrdain  (Handw.  d.  Chem.  2to.  Anfl,  ii.  (2]  418). 

WX08TX8XTS.     Sya.  with  KEHMfciaiTH  or  Kan  Axmioinr  (iii.  446). 

TrnkOTAMTAMXClLCm,  C»H-0«  ^  (C^^'P')  jo*.— This  add  waadiKOvewd 

in  1807  by  Valentin  Rose,  among  the  producta  of  the  distillation  of  tartar.     It  has 
been  investigated  chiefly  by  Grnver  (Trommsd.  N.  J.  xxiv.  2,  65),  Pelonae  (Ann. 
Ch.  Phya.  [2]  Ivi.  297),  Weniseloa  (Ann.  Oh.  Pharm.  xv.  148^  Arppe  (ibid,  Ixtl 
73),  and  KekuU  {iind.  Suppl.  i.  342). 
It  is  produced — 1.  By  the  dry  diatUlation  of  tartaric  acid : 

2C*H«0'     ^     C*H'0*   +    300*   +    2ETOi 

2.  By  tha  action  of  sodi  am -amalgam  on  itaeonic  add  or  its  laomera,  citraconic  or 
mnaconic  acid : 

C*H*0'   ♦   H^Na'     -     Hg   +   C»H«Na«0». 

Itaennic  PyroUrtrB(« 

*ck!.  of  kodiiim. 

This  reaction  is  analogous  to  that  by  which  the  homologous  body  fumaric  acid,  C*H*0* 
is  converted  into  aucdnic  add  (ii.  743). 

3d  3 
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It  may  also  1>e  fonned  from  itaconic  acid  hj  conyerting  the  latter  into  dibromopy- 
rotartanc  acid,  and  reducing  the  latter  with  Bodium-amalgam.    (Kekul^) 

3.  By  heatins  cyanide  of  tritylene  with  alcoholic  potash,  the  action  being  analogoos 
fo  that  by  whi^  the  fatty  acLdii  are  fonned  £rom  the  cyanides  of  the  monatomie  radi- 
clf#C"H*^*  (Max-well Simpson): 

C»H*(CN)»  +   4HK)     =     2NH*   +   C»H»0*. 

PrmraiUm, — 1.  From  Tartaric  acid.  Tartaric  mixed  with  an  eqnal  veigbt  of 
pounded  pumice  is  distilled  in  a  capaciona  retort ;  the  distillate  is  diluted  with 
water;  the  empyreumatic  oil  ia  removed  by  filtration ;  the  filtrate  is  evaporated  to  the 
oystallising  point ;  and  the  crystals  are  freed  from  adhering  oil  by  eiuwadinff  them 
out  on  paper  under  n  bell -jar  near  a  dish  containing  alcohol  This  process  yields  a 
quantity  of  pyrotart&ric  acid  equal  to  7  per  cent,  of  the  tartaric  acid  uaed. 

2.  From  Itaconic  acid.  Sodium -amalgam  ia  added  to  aqueous  itaconic  acid,  and 
the  Liquid,  decanted  from  the  sopsrated  mercury,  is  saturated  with  hydrochloric  acid 
and  evaporated ;  the  residue  is  treated  with  alcohol,  which  dissolves  out  the  pyrotar- 
taric  acid  and  leaves  the  greater  part  of  the  chloride  of  sodium  ;  the  alcoholic  solution 
is  evaponited  to  dryness ;  and  the  pyrotartaric  acid  is  extracted  from  the  residue  by 
ether.    (KekuU.) 

Properiifs. — Pyrotartaric  acid  crystallises  in  colourless,  sometimes  well  developed 
prisms  with  rhombic  bHse  and  truncated  on  the  lateral  edgee.  It  is  very  soluble  in 
water,  alcohol  und  ether:  1  pt.of  it  dissolves  in  U  pL  water  at  20*^.  It  melts  at  112^, 
begins  to  boil  at  about  200*^  and  then  volatilises,  being  partly  converted  into  pyrotar* 
taric  anhydride  CHK)*.     It  is  not  attacked  by  nitric  acid  or  by  cold  sulphuric  acid. 

A  concentrated  aqucoas  solution  of  pyrotartaric  acid  does  not  produce  any  turbidity 
in  ban'ta-  strontia-  or  lime-water,  or  in  solution  of  nitrate  or  neutral  acetate  of  lead ; 
but  with  basic  acetate  of  lead  ib  forms  a  copious  white  curdy  precipitate  insoluble  in 
water,  but  very  soluble  in  the  basic  lead-acetate  and  in  excess  of  and. 

Fyrotartrates.  Pyrotartaric  acid  is  dibaidc,  forming  neutral  and  add  salts,  th* 
general  formule  of  which  are : 

Nrutnl.  Acid. 

For  monatomie  metaU     .        C»H«MH)«  C*H'MO* 

For  diatomic  metals  .       0»H-M''O«  C»H'*M''0-  or  C»H«M"0«.C»H«0*. 

There  are  also  a  few  basic  pyrotartrates  of  di-  and  triatomic  metals.  The  acid  salts 
of  the  alkali-metals  and  afkaline-eartli- metals,  obtained  by  neutralising  a  certain 
quantity  of  pyrotartaric  acid  with  the  base  and  then  adding  a  quantity  of  the  acid 
equal  to  the  former,  crystallise  well ;  the  soluble  neutral  salts  are  somewhat  difficult 
to  crystallise. 

PyrotartrattB  of  Aluminium.  Moist  hydrate  of  aluminium  dissolves  easily 
in  pyrotartaric  acid,  and  the  solution  when  concentrated  yields  crystals.  A  baaic  »cJt, 
2C»H«0«ja«0»  or  2(C'*H"ArO»».AlH>»).3H»0,  ia  obUined  as  a  heavy  powder  by  pre- 
cipitating a  neutral  solution  of  aluminic  chloride  with  neutral  pyrotartrate  of  sodium, 
or  by  boiling  moist  alumina  with  a  quantity  of  the  acid  not  snmcient  to  dissolve  it. 

Ammoniuni-aaltt. — The  neutral  salt  is  deliquescent,  and  gives  oflT  ammonia  on 
evaporation.  The  acid  aalt^  C*H'(KH*)0\  forms  beautiful  rhomboidal  prisms,  perma- 
nent in  the  air,  very  soluble  in  water. 

Barium-8aft9.S\kf  neutral  salt,  C*H*Bu''0*.2H'0,  is  a  crystalline  powder 
formed  of  small  rbumboidul  prisms,  very  soluble  in  water,  insoluble  in  alcohoL — The 
acid  salt,  C*«H"Ba-0".2H*0.  forms  stellate  groups  of  crystals. 

Bitmuth'Salt. — A  solution  of  recently  precipitated  bismuth -hydrate  inOTTOtar- 
taric  acid  yields  on  addition  of  water,  a  precipitate  containing  C"H"Bi''*0".fiflK). 

Cadmium- $aU».~-^  ^«i//ra/,C*H*Cd;'0*.3H*0.--The  solution  of  cadmic  oaibonatA 
in  the  aqueous  add  yields,  bv  concentration,  crystalline  grains  very  soluble  in  water, 
insoluble  in  aloobol,  and  Rtill  retaining  I  at.  water  at  200°. — i.  The  acid  aalt  is 
obtained  by  evaporation  as  a  viscous  mass  in  which  a  few  long  needles  fimn  after  a 
while. 

Calcium- 9altn.— a.  Neutral,  C»HH::a"0*.2H'0.— White  pulvemlent  peeipiute, 
■lightly  soluble  in  water,  wiy  soluble  in  acetic,  hydrochloric,  and  nitric  adds, 
insoluble  in  alcohol. — /l  The  acid  salt,  obtained  by  evaporating  a  solution  of  the 
Bsutral  salt  in  pyrotartaric  add,  forma  crystals  oontaining  C*H*Ca''0*.tfC*HK)*.2HK>. 
(Arppe.) 

Cobalt-salt. — The  solution  of  cobalt -hydrate  in  pyrotartaric  add  deposits  on 
evaporation  colourless  crystals  of  the  acid  mixed  with  a  red  inaolublo  aalt.  On  neu- 
trabsinK  the  acid  liquid  with  ammonia,  a  rose-coloured  cfystalline  powder  is  formed 
which  dissolves  in  water,  but  i-  decomposed  at  the  same  time, 
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CopfT-satt^.—o.  Neidrai,  C*H«Cu"0'.2H=0.--PjTotartral*  of  aodiain  form^willi 
cupric  salts  a  blue  precipitate  nolublr  in  about  250  pts.  of  water,  very  eolublc  ia  acida 
and  ammonitt;  it  rotains  1  at.  water  at  100^.— fl.  A  bttsic  salt,  C*H»Ca'*0*Cu"H'0-'. 
it  deposited  in  gr««niHh  flocks  on  eraporating  a  tolntion  of  the  neutral  salt  in  ammoniti, 
after  addition  of  water. 

Glueinum-salts. — Pyrotartaric  acid  saturate  with  ghicrina  leareswhen  eTaporiilt«d 
over  oil  of  vitriol,  a  crystalline  acid  salt,  C*H*G''0*.C*HK)\  which  when  heated  to  nt)° 
is  converted  into  the  neutral  salt,  C*H*G''0*. 

Iron-aalts. — a.  Ferroiu  salt. — The  acid  diai>olveB  iron,  with  eTolution  of  hydrogen, 
forming  a  solution  which  quickly  turns  r^d,  and  depositc  red  flocks  on  adojtion  of 
water  or  alcohol.— jS.  Ferric  salt.  Ferric  chloride  forms  with  pyrotartrat«  of  aodnim  » 
red  Tiacons  precipitnU  containing  2C*H»0*.Fe*O^.3H*O  or  C'»H»'FB'"0'»FeK)'.eH'0. 

Ltad-talt,  OH*Pb"0V2H^0.— PrwcipiUted  after  a  few  hours  from  a  solution  of 
the  potassium -suit  mixed  with  nitrate  or  neatral  acetate  of  lead,  in  needles  if  the  t»oln- 
tion  contains  free  acid,  bb  a  powder  if  it  is  nenti^.  It  disaolTes  in  small  quantity  in 
boiling  water,  and  is  deposited  in  needles  on  cooling:  dissolrea  also  in  nitrate  of  l<>ad. 
The  some  salt  is  formed  by  treating  carbonate  of  lead  with  pyrotartaric  acid  and 
filtering  to  separate  a  basic  salt.  PyiotartHric  acid  forms  a  curdy  precipitate  wit-b 
basic  aceUte  of  lead  (p.  773). 

Magnesium-saltn. — A  solution  of  magnesia  in  pyrotartaric  acid  evapomted  orer 
oil  of  Titriol,  leaves  Uie  neutral  salt  as  a  gummy  very  friable  mass,  apparently 
contiiining  OH'Mg'OVSHK).  The  aame  solution  evaporated  to  a  syrup,  snd  then 
mixed  with  water,  deposits  a  crystalline  mass  consisting  of  C*H*Mg'0*.6H*0.--The 
acid  mli  is  gummy. 

The  y/ian^ane«r-«a/£,  OH*Mn"0*.3HK),i8  obtained  by  erapontion  aa  a  gommy 
mass,  rery  soluble  in  water,  insoluble  in  alcohol. 

The  mercurous  and  mercuric  aa  Its  are  white  precipitates. 
iVtc*«/-«(2/^*.— The  ntuirai  »aU.  C*H*Ni"'0V2H''0,  is  obljuned  by  evaponting  llie 
green  solution  of  nickel-bydmte  in  the  acid,  rMlissolving  in  alcohol,  and  again  evaponi* 
tiug,  aa  a  grpcn.  crystallinf,  sparingly  soluble  powder,  which  girm  off  ite  watiT  jit  200", 
—The  acid  salt,  C*H*Ni"0'.C*H*OVH'0.  ia  obtained  as  a  crystalline  ma**  by  Icanug 
ibe  solution  of  the  hydrate  in  pyrotartaric  acid  to  evaporate  over  oil  of  \'itrioI. 

PotatsiHm-salts. — The  naitrai aaJi,  C*H''K»0*.H*0.  iti  reri' soluble. duliqueacent, 
and  may  with  some  difficulty  be  obtained  in  foliated  cryFt&ht  by  evHiKtniting  its  solu* 
tion  in  a  hot  air  chambfr. — The  acid  salt,  CH'KO\  is  obtAinod  by  spontanoous  epap*>- 
ration  of  a  solution  of  the  acid  half  saturated  with  potash,  in  colourless,  obliq^l^,  rbom- 
boi'dal  prisms,  permanent  in  the  air. 

The  silver-salt,  C*H'Ag'0\  is  a  white,  cuidy  precipitate  which  blackens  when 
exposed  to  light.  By  beating  it  in  a  current  of  dry  hydrogrn,  und  washing  the  product 
with  water  to  remove  free  acid.  &  brown  powder  ia  obtained  consisting  of  argentous 
pyrotnrlrate. 

Sfirf tu  »i.*a;a.— The  neutral  sail,  OH'NaKM.OHK),  forms  efflorescent  lamiwe  veir 
soluble  in  water.  inMolnhle  in  alcohol. — The  anid  soli,  C'H^NaO*,  crybtallisM  wita 
difficulty  in  small  rhomlxiidal  prism*. 

Strontium  salts. — The  neutral  mUI,  C*H'.Sr"OVH."0,  forms  prisms  rrry  aolnble 
in  water,  insoluble  in  ulcoho].— The  acid  salt,  C*H*Sr''0*.CH*0«.2H«0,  ctyttallises  in 
nacreous  scales. 

7'ln-«n/^— Stannous  oxide  dissolves  easily  in  pyrotartaric  acid,  and  the  solution, 
filtered  from  a  yellow  basic  salt,  yields  with  alcohol  a  precipicatc  apparrntlj 
containing  C^H-Sn^O^Sn'O. 

Vranie  salt. — The  yellow  solution  of  nranio  hydrnte  in  the  acid  deposits  on 
PvaporatioDj  a  yellow  powder,  very  soluble  in  watT,  insoluble  in  alcohol,  und  con- 
taining according  to  Arppo,  C"H»^U"0'MJ'H*0*or  2C*H\tJ«0'yO',C'H*0«.2HK). 

ZinT-ealts. — The  neiUrol  scli,  C*H'Zn"0V3HK).  \h  obtained  by  eraporation  an  a 
thick  syrup,  gradually  depositing  crystalline  granulefi  which  increase  in  quantity  on 
addition  of  a  small  qnant-ity  of  water.  It  retains  1  at.  water  at  200^.— An  ij»o)abla 
battit^  mlt  is  obtainpd  by  concentrating  a  solution  of  nuc  in  pyrotartaiic  acid  to  a  amaU 
bulk  iind  tnating  the  residue  with  water. 

Slbromopyrotartarlc  add*  C?H*BrH)V — This  compound  has  not  yet  baen 
obtained  as  a  substitution-product  of  pyrotartaric  acid,  bat  is  forrard  by  dirwt  addition 
of  bromine  to  itaconic  acid,  C*H*0*.  To  prepare  it,  A  yts  of  ilaconie  acid  «rc  sbakeD 
Up  with  5  pta.  of  bromine  and  4  or  &  pts.  of  water,  (he  reaction  commenetw  at 
ordinary  temperatures  ajid  is  attended  with  evolutioa  of  licat,  but  towanU  the  end  it 
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But  be  uaiftted  by  the  lie«t  of  m  water-bath.  The  crTBtalKne  cnwt  which  aepantes 
on  eooting,  and  the  crTatab  obtaioed  by  ewaporatiiig  the  mother-Uqoor,  are  pvnfied  by 
recryUfluation  from  a  email  qoaotity  of  water. 

IMbromopTrotartarie  add  forma  colourleea  crystals  easily  sohible  in  water,  akohol, 
and  ether.  When  treated  with  aodium-^JHoIgam^  it  is  oonrerted  into  pyrotartarie 
neid.  On  adding  oxide  of  silrer  to  the  aqoroos  sofaition,  the  2  at.  broMioe  are 
replaoed  by  2  at.  HO,  and  an  addt  C*H*0*.  homologoas  with  taztarie  add,  is  prodnccd : 

C*H«Bi*0*  +   AgH)  +   H«0     -     2AgBr  +   OHW. 

Dibromopyrotaztuie  add  is  dibasic.  Its  salts  have  not  betn  mnch  examined.  In 
|veparing  uem  xt  is  necessary  to  aroid  rise  of  teroperatore,  as  they  are  easily  decom- 
posed therebr,  with  separation  of  metallic  bromide  and  formation  of  a  crystallisable 
moDObasie  aod,  called  aconic  acid,  C*H*0^;  e.g. : 

C»H<Br«Ka«0<  -  2NaBr  +  C»HK)*. 
On  boiling  a  stdntwn  of  the  sodium-salt,  and  adding  earbonate  of  sodinra  in  rach  qnan- 
titr,  that  S  at.  sodium  shall  be  preaeDt  for  erery  1  at.  of  dibramopyrotartaric  acid,  a 
■otntion  is  obtained  width  on  siAldent  oonoentration,  yields  large  crystalline  plates 
ofaconate  of  sodinm,  obtainabb  by  dknr  eTsparation  from  aqufoua  aolntion, 
in  large,  well-dereloped,  effloreeeent  crystals  containing  CH'KaO*.3H'0.  In  like 
manner  by  boiling  a  solution  of  batytie  dibromo-pyrotanrate,  adding  carbonate  of 
barium  in  suffident  quantity  to  neutralise  the  reaction,  and  mixing  the  filtrate  with 
alcohol,  aconate  of  barium,  C**H'Ba"0',  is  predpitated  in  white  flodLP.  Tcry 
soluble  in  water,  insoluble  in  strong  alcohol,  cryitalliiing  in  needles  from  dilute 
aleohd. 

By  treating  dtraoonic  and  mesaoonic  adds  which  are  isomeric  with  itaconic  add, 
with  bromine  and  water  as  above,  adds  are  produced,  iecnnerie  bat  not  identical  with 
the  dibfomopyrotartarie  add  just  deoeribed.  The  three  isomeric  adds  may  be  distin- 
guished as  its-,  citra-,  and  mesa-dibromopyrotart&ric  acida. 

Citra-dibromopyrotartarieacid,  C'S'Br'O*,  is  mudi  more  wluble  than  ita- 
dibromopjrrotartaric  add.  It  usuaU;^  cxTStallises  in  cauliflower-like  groups  of 
mieroseopie  needles.  When  heated  it  yields  monobromocitraconie  anhydride. 
OH»BrO*: 

C»H«Br«0*     -     C»H»Br0«     +     H»0     +     HBr. 

Citra-dibromopyrotartaric  add  is  also  dibasic,  and  its  salts  are  nvdily  decomposrd 
bj  boiling  with  water  or  excess  of  base,  but  in  a  totally  different  manner  fknu  the  ita- 
dibromopyrotartiates,  carbonic  anhydride  being  given  off,  and  a  salt  of  monobromc^ 
erotonic  acid  produced:  thus, 

C»H«Br*Na«0'     -     OH'BrKaO*        +      KaBr      +     00«, 

CItrft-dibroiBoprrD-        Mooot»ronH)crM»(i«tc 
tutnt«  of  MidiiUD.  of  sodium. 


Ca-Br» 


200»- 


2OH*BrK!a'0*     -     C'»H'Br*Ca-0* 

CItro-dibramopTro  ■  Slonobromocrntonatr 

tartrauofcftlcnui.  ofcakiim. 

(8es  Oaotoino  Acm  in  the  Afpsitoix.)  According  to  Cahoura  ^Ann.  Ch.  Fhys.  [3] 
ixviL  137),  an  add  haTing  the  composition  of  dibromobutyric  acid  is  formed  at  the 
■■me  time  as  an  intermediate  product : 

OH«Br^«     -     C*U-Br*0«     +      C0«. 

Meta-dibromovyrofartaric  acid  is  much  less  soluble  than  dtrs-,  but  more 
soluble  than  itA-dibromopyrotarCarie  add.  It  OTBtalUses  in  aodnlar  or  spherical 
masses.  Its  salts  when  boiled  with  water  likewise  yield  bromocrotonie  add.  (Kekule, 
Ann.  Ch.  Pharm.  Snppl.  ii.  100.) 

nmOTABTAUO  Aran&Zna.  C'H*0*  -  C*H*O*.0.— Obuined  by 
distilling  the  add  with  phosphoric  anhydride.  It  is  a  liquid  boiling  at  a  tempemtore 
aboTB  300°,  insoluble  in  water,  but  gradually  converted  by  absorption  of  water  into 
pyrotartarie  add. 


WTAMTJkMXC  BTRSKS*  The  only  one  known  is  the  etkyHe  Hhtr, 
C*H*(0*fl*)'0*,  whidi  is  produced  by  pMsin^  hydrochloric  add  gas  into  an  alcoholic 
mlution  of  the  add.  It  is  an  aromatic  liquid  bdling  at  218°,  gradually  decomposed 
by  water. 

yrxOTAmnuunft,  or  Pkenyi-pyroUsrtnmide,  C"H*>N0*    «    ^^*^^^|k. 

(Arppe,  Ann.  Ch.  Pharm.  xc  133.)-  Produced  by  heating  aniline  with  pyrotartarie 
add  to  a  temperature  a  Hftle  abore  100°  for  about  tm  minutes.  On  dimolring  the 
solidified  mass  in  boiUiig  water,  treating  the  sc^ution  with  animal  charroal,  and  Wvin;; 
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it  to  cocl,  pyrotuTtruni]  is  dppoHit<>J  a«  a  polferuJetit  pivcipiut*  ••oiujx.*mm3  of  loicroacopic 
nc«Nll««.  It  bu  nrtthcir  ia»lr  nor  smell ;  inelU  at  98'',  aabUnira  vittiout  decompoMtioo 
at  UO^  boilM  with  partial  decompoflition  at  aboat  300°.  It  la  Hlisfatly  soluble  in  boilinc 
fbal/^,  f>«flily  loluble  in  atoahoi  and  etkrr,  ako  in  amumu  aikalU,  br  which  wh«n  bMt#^ 
it  is  conrcrW  into  pyrotartranilic  acid.  Wnen  fiisod  with  aikalmt  kydrnUt,  it 
isrwoWed  into  aniLinn  aad pyrutartaricacid.  Nitrkacid  convert«iiiatop;roiartrc»- 
nitranil. 

VTXOTAJCTSiUrz&XC  ACZ9.  or  Pbeni/l-pyrotartrajMC  acid,  C'*H>*KO'     = 
(Arpp^.  A><^.  i-i^) — Prodnced  by  the  action  of  aniline  on  pyrotartanc 


unhydride  ;  also  by  thu  mctainorphotni  of  p^rotartranil  ander  the  influence  of  aqoeooa 
alkalia.  It  formii  bulky  uerdlfs,  appcunog  under  th«  microHoupe  an  rootAOgulAr 
prisma  with  perpi'Ddicular  end-facts,  it  is  more  soluble  in  water  t)iiin  pyrotartraail, 
flttflily  soluble  in  tUcohol  mid  rtkrr ,  nnldcnB  litmus.  It  may  be  heated  to  140°  without 
lou  of  weight,  but  at  H7"  it  gives  off  wat^r  and  is  wjuvorted  into  pyrotortronilnuiiL 
It  ia  deooni]>o«ed  by  excess  of  boiling  jn*ttuk ;  is  not  coloured  by  chlorido  of  lime. 

Pyroturtmniliti  acid  devompotkw  earbonatcd^  but  i»  hepamied  fivm  its  own  salts  by 
acetic  acid.  The  py  r o ta  r t  ran  i  late s  of  the  alkali-  nnd  iiUmlrne-earthmctahi  &r«Tery 
a«ilublH  in  water.  The  amihonium-snU.  wliiob  may  beobtnined  biy  boiling  pyrorfartrnnd 
with  aqueous  ammonia,  dries  up  to  a  mdlate  mass  Tcr)'  soluble  in  cold  but  decompoMd 
by  hot  water.  Its  solution  forms  a  bloiith-green  precnpilate  with  cuprie  tulpkaie^ 
white  writh  mcrruric  chioridc^  yelluwish-nni  with  feme  cMlontU.  Th*«  letid^att, 
t'"'H'^rij"(C*H*)'N'0*,  forniH  a  whitt»  precipitate  Wyoming  giutinouti  ou  ebuUilion. 

»TaOTA«xaXMXl>»,C*H'N0»  =  (<^'*^2''^  |n,  or  I>ipifro(artrt>-diatmde, 
(C*H*0''j'/ jj,  (Arppe,  Ann.  Ch.  Pharm.  btxxTii.  228.}— Produced  by  heating  acid 
p)Totartrat6  of  ammonium : 

C'H'(Na*)0'     -     2HK)     «     C*H'NO«. 

The  solidified  diatillale  is  purifiod  by  preakurc  and  recrysUillisatioo  from  a  small  quan- 
tity of  water. 

PyrotArtriniido  forms  small  needles  or  hexagonal  platcH,  Wlungiug  to  the  irimetnc 
v-yetfiD,  and  4>xhibiling  the  combination  oP  .  obPqo  .  oeP.  Angle  a>P  :  oaP  •>  9'i^ 
30* ;  otP  :  oof  ao  =  133^.  Clearage  parallel  to  oep  and  oP.  It  is  anhydronn, 
Tcry  mituble  in  water.  alcoboL,  ether«  acids  and  alkalis;  has  s  coding,  slightly  bitter. 
and  t^our  tat»te;  it*  a'^ueous  solution  rvddens  litmnti.  bnl  it  d>*«s  oo(  combine  with 
fimmonia.  It  nnUc  at  60^,  tind  Miliiifiee  un  cooling,  in  a  mdiale  mHKs»  nniTtuuus  to 
the  touch,  nnd  having  a  foliated  fracture.  It  begins  to  volatilise  al  100°,  but  doi-snol 
boit  till  heated  to  about  280^,  at  which  temperature  it  suif'enf  partial  dccnmpueitiun. 
When  boiled  with  btronf;  ptjf^sk-Uy,  it  gi\*e6  off  ammonia.  lie  solution  furtna  with 
i.rid'e  ff  ipad ,  n  bLrongly  alkalinr  cumiKJund  whirh  contains  67*23  per  cent.  PbO  and  .V  17 
uiiLer,  drira  up  to  a  ^umniy  moss,  :uid  is  partly  decompoaed  by  water.  The  aulutioo 
oi  tui.f  lea d-ooni pound  Hltai^s  the  pa|ter  thnm^  whicb  it  is  filtered,  rendering  it 
\i8CiMu»and  grlHtinoiifi. 

PT&0TAS.TS02rZTRAJrZ&«  CH'^N'O*    or    Hiln^pK^nj/l-plfroUtrtrimifU     - 

f^flt  NO^u'^''  ('^TP*"'  ^^^-  ^"'-V — Prw*iplAted  by  watt- r  from  a  solution  of  pyrotar- 
tranil  in  very  stpunjj  nitric  iicid,  as  an  oil  which  grsdually  MjUdiHeo,  and  crystaUutaa 
from  Wiling  alcohol  in  spherical  groups  of  cn'stals.  It  meUf  at  l.S5°  and  if  cantiuiifity 
heated  aolidific«  without  dccornpoeition.  It  is  nearly  insoluble  in  water,  but  diseulvea 
easily  in  alcohol  and  in  tthr.  Boiling  aqueous  amtm^ftia  eonverb*  it  into  pyrotartro- 
nitmnilic  acid.  Fixtd  alkalis  determine  the  aainr  trail sformatioD.  part  of  the 
pyrotartranttic  aril  being  towrvcr  resolveil  by  the  ftirthar  action  of  the  alkali  into 
pyrot«r(arii'  .-nid  and  ^-nitniniline  (nee  pHRKYr.juin«i:»,  p.  445). 

PTR0TASTX017ITRAVX1.ZC    ACZ1>,  or    yUrophettyi-pyrotartramic    and. 


C"H"N"<P 


(Arppe,    ive.  at.) — When   pyiotartronitraiiil  is 


introduced  into  a  slightly  diluted  and  boiling  solution  of  sodie  carbonate,  a  yellow 
liquid  is  obtained,  which,  on  cooling,  deposits  yellow  cr^iitals  of  3-iiitraniline,  whilst 
pyrotArtronitranilate  of  sodium  remaina  in  solntion :  and  on  adding  nitrie  acid  to  the 
filten'd  liquid,  pvrotartranilic  iicid  aeparates  in  yfUowielt  tlaket-.  which  mny  b*-  purified 
t<y  rt-rry&ialliiiution. 
Pyroiarfrooiiraniiic  actd  is  very  lUghtly  eolubk  in  wwter,  but  di»eolT0«  easily  in 
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alcohol  and  ether,  and  U  deptwited  from  a  saturated  aolutioD  in  micmacopie  AobAm 
orjrstaU  of  120°  It  melta  at  a  little  above  ISO**.  It  ia  a  rery  feeble  acid,  beii^ 
acaroely  able  to  deoompose  carbonates. 

-  The  pTrotartronitranilates  are  unstable  salts  difficnlt  to  crystallise.     Thenittr-tdt^ 
C"W^AgS*0*,  is  pi«cipitated  in  white  flocks. 

FTXOTSOKVT.    See  Richardson  and  Watts's  Cheuucal  Teeknotogy,  L  [4],  651- 
611;  also  Ure's  Dictionetry  qf  ArU^  &&,  iii 

VTSOTSmaaiC  AOIB.    C*H"0*  -*  ^^^^[O.    PynOer^riiie  aeid,    Brm- 

ierMtaaure. — This  acid,  belonging  to  the  acrylic  series,  CH^-H)*,  and  netamoiQ 
with  ethTl-crotonic  add  (p.  273^,  was  discoTei«d  by  Babonrdin  (J.  Fharm.  [8]  tl 
19dX  and  has  been  fiuther  ezatnmed  by  Chautard  {ilnd.xxvm,  192).  Itis  produced 
by  the  dry  distillation  of  terebic  acid  and  poiifled  by  repeated  rectification : 

CH'KM    -     CO*    +    C^'Hy. 

It  is  a  liqud  boiling  at  310^,  and  smelling  of  bntyric  acid.  It  dissolTSS  in  25  pCa  o£ 
wato;  and  is  easily  soluble  in  alcohol  and  ether.  When  gradnally  dropped  into 
melting  hydzate  of  potassiun*  it  is  resolTed,  with  erolntion  ct  hydrogen,  into  aeetie 
and  butyric  adds : 

(?H»«0«  +   2H«0     =     C*H*0«  +  C*HH)*  +  H«. 

FyroUnbaU  of  niver,  C*H*AgO',  crystallises  with  diiBcoIty,  and  bladcens  ai 
exposure  to  light,  espedallj  when  moist 

vno-mtZC  AOUK    Syn.  with  CrAKtrnic  Acid. 

8yn.  with  XTi.on>iK, 

Ebhnin,  A  yellow  crystalline  substance  prodneed  bj 
the  action  of  potash  on  one  of  the  substances  contained  in  heavy  oQ  (tf  wood-tai 
(Volckel).  It  is  contained  in  crude  wood-spirit,  as  first  observed  by  Scanlan,  and 
may  be  separated  there&om,  according  to  Gregory  (Ann.  Ch.  Phann.  zzi,  143),  b; 
distilling  uie  liquid,  collecting  about  15  per  cent,  saturating  the  distillate  with  slaJwil 
lime,  and  redistilling.  The  residue,  oontaioing  the  excess  of  lime  employed,  acetate  ol 
ealdnm,  a  brownish  resin,  and  pyroxantbin,  is  treated  with  dilute  hydmhloric  ac^ 
and  the  insoluble  portion  is  digested  in  boiling  alcohol,  which  dissolres  the  resSnoQ* 
matter  first ;  the  pyroxanthin  is  found  in  the  last  alcoholic  decoctions. 

Fvroxanthin  cxTStallises  in  long  yellow  needles,  inodorous,  insoluble  in  water, 
soluble  with  aid  of  heat  in  alcohol,  ether,  and  acetic  acid,  nearly  insoluble  in  ammonii 
and  in  boiling  potash.  It  melts  at  144°.  When  heated  in  a  tube  closed  at  one  end, 
it  does  not  rolatilise  without  decomposition ;  but  if  heated  in  a  current  of  air,  it  sublime* 
at  184^.  Gr^oiy  found  in  it  74*8  percent  carbon  and  6*5  hydr(^n,  numbers  agreeing 
nearly  with  the  formula  C*H*0*p  which  requires  76  carbon,  6  hydrogen,  and  SO 
oxygen. 

Pyroxanthin  dissolves  with  deep  red  colour  in  strong  sulphuric  and  in  fuming 
hydrochloric  add ;  water  predpitates  it  from  the  solution  in  a  partlv  altered  statcw 
Strong  nitric  add  attacks  it  violently,  converting  it  into  oxalic  acia  and  a  nitzo- 
compound.  Chlorine,  with  aid  of  heat,  converts  it  into  a  brown  remnooa  substance 
with  disengagement  of  hydrochloric  add. 

vnuiXAVTBOOav.  The  constituent  of  wood-tar,  from  which  pyroxanthia 
is  supposed  to  be  formed. 

vmtOXMMMm  A  name  sometimes  used  as  synonymotu  with  augite  to  denote  the 
minenil  spedes  (i.  275),  but  more  commonly  restricted  to  certain  varieties  having  a 
green  or  greyish-green  colour.     (Dana,  ii.  158.) 

9TM03LMM  XT Jk    A  rock  ffonsisting  of  felspar  and  lamellar  pyroxene. 

VT&OZTUir.  Qnn-^xtton;  Coton  fulmmatU  ;  Coton-poudre ;  Pemdre-^oion  ; 
Ftdmucoton.  SchusabaumwoUe ;  explodirende  BaumwolU, — These  names  are  ^ifdied 
to  certain  explosive  substances  produced  by  the  action  of  ftaminff  nitric  add,  or  of  a 
mixture  of  nitric  and  sulphuric  adds,  on  cotton  wool  Scnonbein,  in  1845, 
announced  the  discovery  of  an  explosive  cotton-wool  applicable  as  a  substitnte  for 
gunpowder,  but  Ms  mode  of  preparation  was  at  first  kept  secret ;  and  soon  afterwards 
^e  method  of  producing  the  explosive  compound  by  treating  cotton-wool  with  strMiff 
nitric  acid  was  discovered  indepeudentJj  by  Bottger  snd  Otto,  and  pnblis^u 
by  the  latter  (Augsburg,  Allg.  Zeitung,  Oct.'  5,  1846 ;  J.  pr.  Chem.  xt  193).  Knop 
(Compt  rend,  xxiii.  808)  soon  afterwards  introduced  the  more  advantageous  meUiod 
of  treating  the  cotton-wool  with  a  mixture  of  strong  nitric  and  sulphuric  adds.  The 
chemical  eomposition  and  properties  of  pyroxylin  have  been  made  the  aulgeet  of 
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nnmeronft  rescArchea  byBottger,  Peloate.  Fayen,  Feli^ot,  ran  Korckboff^ 
Sobrero,  Bechamp,  and  others  on  the  continent,  and  in  this  country  by  Porrrtt, 
Ranaom,  Crum,  Gladatoae,  and  Ha  do  w.  (For  a  complete  list  of  memoin  relating 
to  it,  down  to  1862,  aeeGmelin'a  Bandbook^nY.  168.)  From ita first  diaoovery, also, 
nomeraua  exporimpnU  wrrft  made  on  it«  applicability  to  military  and  mining  operations 
aa  a  sabstitut«  for  gunpowder,  over  which  it  posseasea  the  great  adTactage  of  burning 
without  smoke,  and  teariag  no  residue  to  foul  the  gun  ;  and  its  preparation  whb  aooa 
oommenced  on  a  large  scale ;  bat  the  occurrence  of  seTeral  serere  and  unexplained 
accidents  during  the  manufacture,  attended  with  grest  lots  of  life,  cawed  it  to  be 
regarded  aa  too  daogeroos  and  unmanogoable  for  military  purposes,  and  accordingly 
its  manufiwitare  was  for  a  while  nearly  given  up.  Within  the  last  few  years,  howcTer, 
the  attempts  to  make  use  of  gun-cotton  as  a  substitute  for  gimpowder  have  been 
renewed,  and  brought  to  n  saccrssfal  issue  chieBy  by  the  investigations  of  General 
TOD  Lenk,  an  Austrian  officer  of  artillery,  who  baa  disoovered  the  cause  of  previous 
failures,  gradually  perfected  the  process  of  mannfWcture,  and  institated.  under  the 
auspices  of  the  Austrian  gOTemment,  an  elaborate  series  of  experiments  on  the 
beet  methods  of  applying  it  to  gunnery. 

Cotton  treated  with  a  roixtum  of  nitric  and  sulphuric  acids,  yields  a  number  of  pro- 
ducts which  may  be  regarded  as  cellulose,  CH'*0*,  in  which  the  hydrogen  is  more  or 
leas  replaced  by  nitric  peroxide,  NO',  the  degree  of  nitration  varying  according  to  the 
mode  of  preparation.  The  different  compounds  have  different  degrees  of  stability  and 
are  rariously  affected  by  solventa.  According  to  Hadow  (Chem.  Soc.  Qu.  J.  rii. 
201),  the  three  principal  products  are: 

tt.  C"H»'(NO»/0'»  or  0*H'(NO»)"O»,  insoluble  in  a  mixture  of  ether  and  alcohol ; 
but  soluble  in  ethylic  acetate.  It  is  produced  by  repeated  immersion  of  cotton- 
wool in  a  mixture  of  2  at.  nitric  add,  HNO*,  2  at.  oil  of  vitriol,  H*SO*,  and  3  at. 
water. 

0.  C"H«(NO')PO",  soluble  in  ether-alcohol  insoluble  in  glacial  acetic  add.  Pro- 
duced when  the  add  mixture  contains  ^  at  more  water  than  in  a. 

y.  C"H°^>'0-)^0'*  (Gladfitone'a  cottonx^fUMin),   soluble  in  ether  and  in  glacial  ' 
acetic  ncid.     Produced  when  the  add  mixture  contains  1  at.  more  water  than  in  a. 

The  term  "pyroxylin"  is  sometimes  apphed  especially  to  the  more  bighlv  nitrated 
oompoonda  ;  but  it  is  much  better  to  use  this  Urm  as  ageneric  name  for  all  tlie  substi- 
tution-compounds formed  by  the  action  of  nitric  add  on  cellulose,  and  to  designate  as 
•'  gun-cotton"  the  most  highly  nitrated  compound,  triDilrocelluIose,C*H'(NO*)*0\ 
which  is  tlie  only  one  adapted  for  tise  in  gnnnenr. 

The  lower  compounds,  which  are  soluble  in  alcohol  and  ether,  are  used  for  the  pre- 
paiaticn  of  collodion  (i.  1083). 

Gun-eoUon.    C^»(NO»)*0». 

When  cotton-wool  is  immersed  in  a  mixture  of  strong  nitric  and  ralphnric  ictds. 
Bubstitution  takes  place  immediately,  and  the  product  has  only  to  be  freed  from  ad- 
hering acid  by  washing  with  water  and  then  dried.  But  in  order  to  intaire  the  uniform 
production  of  the  most  highly  nitrated  compound,  Leak  adopts  several  precauMous, 
the  most  important  of  which  are; 

1.  The  cleansing  and  perfect  desiccation  of  the  cotton  previooaly  to  its  imaiendoo  in 
the  mixed  uoids. 

2.  The  employment  of  the  strongest  adds  procurable  in  commerce. 

3.  The  f<t4-epiiig  of  the  cotton  in  a  fresh  strong  mixture  of  adds  after  the  lint  im- 
mersion and  pttrlial  conversion  into  gun-cotton. 

4.  The  cnntinuance  of  the  sleeping  for  forty-eight  hourt. 

6.  The  thorough  purification  of  the  gun-cotton  thus  produced  from  every  trmre  of 
free  acid,  by  wdshing  the  product  in  a  stream  of  water  for  eevcrml  weeks;  »ubs«ju»'ntly 
a  weak  solutior  of  potash  mny  be  unni,  but  this  is  not  cssentiaL 

The  prolonged  application  of  these  procwses  is  abeolutely  neeeeaary  to  ensur<«  the 
thorough  nifrntion  of  the  cotton  and  the  subsequent  purification  of  the  pfodnct ,  fi>r 
each  cuttun-fibre  is  a  long  narrow  tube,  often  twisted  and  even  doubled  np,  and  tlie 
add  has  fiiet  to  penetrate  to  the  inmost  depths  of  these  tabes  and  afterwards  to  be 
soiiked  out  of  them :  hence  the  neceesity  of  time. 

Soraetimes,  to  render  the  gun-cotton  less  explosive,  and  to  remove  the  last  lingering 
traoes  of  free  acid,  it  is  impregnated  with  a  solution  of  silicate  of  sodium  (aotttbl* 
glass),  which  '\»  foree<l  into  it  by  means  of  a  crntrifiigal  machine,  having  a  emitiml  tvbe 
for  KuppEyiug  the  sulutiun.  It  is  then  dried  bv  exposure  to  the  air,  wberebj  AattMUiate 
of  sodium  is  formed,  aud  aili<'a  septumtrd,  ana  thr  carlMinate  of  sodium  is  afterwania 
washtd  out  with  water,  while  the  silioa  rfomins  attached  to  the  ftbrea. 

Sometimes,  again,  to  render  the  fibiea  soft  and  diminish  the  dangeroffxplosioai 
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violent  frictiun.  the  gun-ooltun,  uf\«-r  Leiug  Iroatod  vjLb  «oluLl«  gUM,  i«  inimer»«^  m* 
feuap-Iev,  Lbtf  flxcrsa  of  vhich  i«  then  aquc«wd  oat.  aiid  Uie  guC'-ix^ttoii  fioaUy  dried. 

For  dutailj  of  the  Aaatriao  proccvit,  nod  of  exp«rimratB  on  th«  prepantion  cf  em- 
cotton  At  the  Koral  Gunpowder  Works  tt  Wallbani  Abh^T,  i*f«  th»  aitipln  "Onzt' 
cotlno"  by  Dr.  QladBtono  in  Richardnon  and  Walt*'i  Chnnical  Teckwfii>yy,  i,  [4] 
487 — 600.  Oan-oottoD  is  now  prepared  on  a  large  Male  by  a  proceM  Maentially  tiii 
Maine  afl  that  of  Lenk,  af  thf  mannfartory  of  Menani.  Preutic  at  Stoiraarkot. 

Gtin-<!ottoD  pKpaiwl  by  thf  prof eeii  jsnt  de^cril^cd  m^ina  the  external  {Topertim  of 
eotton*wool,  bat  ia  aomeTbat  baraher  to  the  tuurti.  unUfs  it  baa  been  e<iaped.  It  haa 
naitbar  uute  nor  imeU,  and  i»  nentml  to  moistened  litmoa-paper.  By  frirtjon  it 
baeanaa  more  atrongly  electrie  than  eat*a  ikin ;  it  omcklea,  yipldH  ap^rlu,  mxnH  ia  pbos- 
phoweeat  in  tbe  dl&rk  (Oaiffe,  Oouipr.  rend.  xxiv.  88).  It«  fibres  aeeo  andtf  tb« 
mieniaoope  by  pofauia^  Hgbt,  exhibit  very  little  brighuie»s.  sod  acarrely  any  play  oC 
colonn,  wbercaa  the  fibrea  of  ordinary  colton-wool  appear  bright  anl  abow  a  fint  pta; 
of  eolonra  even  in  the  dimmest  light.     (Kindt,  Pogg.  Ann.  Ixx.  168.) 

The  following  aonlyses  of  Leok'a  gim*ootton,  the  first  made  in  tbe  labonitoiy  of  tb^ 
Imperial  Enginoera'  Committee,  tbe  second  in  the  Unirenity  laboratory  at  Vienna 
■bow  that  it  conaiaU  of  trimkroeeUoloaa,  C*H>(NO')*0*. 
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Gun-cotton  ia  inaolnble  in  water,  and  perfectly  unaffected  by  long  soaking  in  that 

liquid.     It  uauaUv  absorbs  about  2  per  eent  of  bygroaeopic  moisture,  ajiy  exccw  tli«l 

,  it  may  absorb  under  peculiar  atmospheric  coodiUons  beiuff  apeadily  giren  off  when  the 

air  returns  to  ita  ominary  stato  of  dryness.     It  is  inaolable  alao  in  alcohol,  Hbr, 

and  glacial  acetic  acid. 

Gun-cotton  is  not  a^ccted  by  dilute  adds  or  alkah'a;  but  nitric  ociJ  of  speriflc 
gravity  1*45  attacks  it,  producing  a  lower  subetitntion-prodact  which  weighs  only  (th» 
of  the  original  Lrtnitrocululoae.  Strong  suiphnrio  acid  diasolvec  it  with  eomo  dimrultv, 
and  the  solution  doea  not  torn  black  even  wb^o  heated  to  a  high  temperature,  though 
it  then  gives  off  carbonic  anhydride  and  nitric  oxide. 

Strong  j>ota»h4€g  diasolres  gnn-e«tton  rapidly,  espoeially  if  heated  to  about  70^. 
with  formation  of  ammonia,  nitrous  arid,  oxulic  acid,  and  other  acids.  The  alkaJio* 
Botution  rrducee  an  ammoniacai  solution  of  silTer,  and  bus  in  fact  been  used  KrK 
silvering  mirroiH. 

A  solution  of  potassio  mlphydrate,  especially  if  mixed  with  alcohol,  reproduces  the 
original  cotton,  with  formation  of  potaesie  nitrate  and  a  little  ammouia,- iVrroaa 
suiphaie  exerts  a  similar  reducing  action,  likewise  reproducing  the  original  oottoo 
(Bioharop).  Gun-cotton  placed  in  contact  with  Mvljtkuric  aeid  and  metallic  wurmnf, 
girea  off  all  ita  nitrogen  in  the  form  of  nitric  oxide.  On  account  of  these  lavt  three 
reactions,  gun-cotton  is  regardcil  by  B^hamp,  Pelonsa,  Oram,  and  other  chfniist««  as 
aaalogous  in  constitution  to  a  nitric  oihT,  rather  than  to  fiich  compounds  aa  Ditn>- 
beniene,  nitrobenzoic  acid.  ^.,  inasmuch  as  the  latter,  when  treated  with  reduoAg 
agecita,  are  converted  into  other  coropouods  contHining  nit  region,  whereas  gnn-oottoc, 
nice  the  nitric  etherv  and  nitratea  in  general,  is  depriTod  by  these  reagruLtf  of  the  whole 
of  ita  nitrogen,  and  in  some  cases  reconTerted  into  tho  original  cotton-wool. 

Gun-ootton  ia  a  remarkably  stable  substance,  but  nov^>rthele«a  appears  under  certain 
circumstances  to  undergo  a  slow  spontaneous  decomposition.  It  has  bct-n  stored  ia 
Austria  for  twelve  years  in  wooden  boxes  without  exhibiting  aaysi^  of  alteration ;  and 
M)me  thut  was  taken  to  Italy  in  1869,  and  thrown  aaida  wba<e  it  waa  expoaed  for  a 
long  time  to  a  hot  eun  in  black  boxes,  waa  afterwards  foond  unaltered.  Some  vmrieties 
of  gun-cotton,  however,  when  enclosed  tognther  with  litjnoa-piiper  in  a  tube,  exhibit  an 
acid  reaction  eren  at  ordinary  tempt^ratores.  The  more  completely  the  free  acid  has 
l>'>en  removed,  the  less  does  the  gnn-cottoa  appear  to  be  liabU  to  ii)xintitneoua  djiconi- 
)>oaitiuB  either  slow  or  sadden;  and  in  this,  acixntUng  to  some  auttiontiee,  conaiala  the 
advantage  of  washing  the  gun-<'otton  with  an  alkaline  solution  orimpruguatiug  it  with 
Moluble  glaaa.  (See  Gmelin's  Handbook. x\.  17d  ;  Chemical  T^cknviogj/,u  [4]  AGO;  also 
Melsena,  Bull  Soc.  Chini.  IHGd.  i.  :ih.) 

Gun-ootton  prepared  by  Lenk's  pruceati  is  not  liable  to  explosion  by  percuwton  ;  it 
may  detonate  between  iron  and  iron  tt  a  heavy  blow  be  struck,  but  only  that  part 
rzplod««  which  waa  hit,  without  communicating  ignition  to  Lba  anrrooAding  particiea. 
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«f  a  h«aT7  blov  be  struck  on  gon^xtttoa  irith  an  iron  luouaer  upon  broaxr  or  lu^ 

other  comparatiTely  soft  met&l,  or  upon  atone,  no  detonation  takea  place.  Olio  founi, 
on  the  other  hand,  that  pyroxylin  pn»pared  with  nitric  acid  alone,  axplodes  like  fdlmi 
nftting  mercury  when  struck  Mrith  a,  hammer. 

The  tempemtnre  ut  whi(!h  ^n-cotton  explodes  has  been  very  aocorately  dptprDun«*d 
by  Baron  Von  Ebnpr,  who  fixes  th«  lowest  tempemtnre  at  136°  C.  (277**  Fahrenb^Ht); 
but  Uio  heat  ni^uired  is  usually  stated  to  be  greater  than  this.  According  to  Mrtaena 
gun-cotton  which  has  bf^en  washed  with  soda  and  retains  a  Bmall  qiuDtity  of  the  alkali, 
3ofO  not  explode  till  heated  to  180°,  and  nmilar  obserrutioas  have  been  made  by 
Payen,  Peloiwo,  Piobert,  Van  KerckhofTand  others. 

On  exploeion,  gun-cotton  is  almost  eutirely  rwolred  into  gaaot,  learing  only  about  I 
per  cent,  of  natural  min^'ral  constituents,  the  small  amoant of  silica,  if  it  has  been  sili- 
eated,  and  possibly  a  trace  of  carbon. 

Lieutenant  Ton  Karoiyi  (PhiL  Mng.  [4]  xxri.  272)  has  fnUj  inrestigatM  tb« 
products  of  the  combustion  of  gun-cotton  and  gnnpowder,  under  circumstances  analo- 
gous to  those  which  occur  in  practice.  In  his  first  experiments,  he  exploded  tha 
gun-cotton  in  a  Torricellian  rucnum,  made  in  a  eudiometer  about  a  metre,  in  length, 
acrou  which  was  drawn  a  very  thin  platinum  wire,  that  could  be  ignited  by  a  gal- 
Tunic  battery.  Hie  gases  weiv  analysed  in  the  usual  manner,  with  the  followingf 
veaolti: 

By  Tolmne.  By  wrIshL 

Carbonic  oxide 38-65  2892 

Carbonic  anhydride lO'U  30-43 

Marsh  gas 1117  647 

Nitric  oxide 8*83  959 

Nitrogen 8*66  871 

Carbon 1-85  160 

Aqueous  vapour 21*93  1428 

10000  100-00 

It  was  found  that,  on  exploding  a  somewhat  larger  quantity  of  gun-col  ton  under  the 
same  circumslancea,  when  therefore  the  combustion  takes  place  under  comparattruly 
greater  pressure,  the  proportional  quantities  of  the  products  change,  and  the  quantity 
of  nitric  oxide  diminishes.  Hence  the  deoxidation  of  the  nitrocen-^om pounds  duhn<Lf 
the  combustion  takes  pUice  more  oompleU>ly,  the  greater  tiwvotnc  which  thegiin-cott^m 
has  to  perform  wliile  exploding.  Thii*  circumstance  suggraled  to  Karulyi  tiiH  idea  of 
exposing  the  gun^ottou  during  its  combustion  to  a  resistance  so  re^^ulat^  that  it  just 
gives  way  at  tho  moment  when  the  gun-cotton  is  completely  burnt.  He  thenrfbre 
placed  a  vessel  filled  with  gun-cotton,  which  uffcr^  the  ueoeasary  resietance,  in  a  sixty- 
pound  mortar,  which  was  then  exhau»t4<l,  and  the  gun-cotton  was  exploded  by  a  thin 
platinum-wire  haated  to  redness  by  the  electric  current.  An  analysis  of  the  gases  pn>- 
dnced  under  these  droumstances  gave  the  following  numbers  : 

Bf  volome.  Br  »«rM. 

Carbonic  oxide 2895  29-97 

Carbonic  anhydride 20  82  33-86 

Harsh  gas 7*34  i'Z:i 

Hydrogen 316  024 

Nitrogen 12-67  13  16 

Carbon 182  1-63 

Aqoeoud  vapour 25*34  16-87 

100-00  100-00 

It  will  be  observed  that  in  this  latter  casp,  which  is  analofrous  to  what  tak<««i  plaos 
in  practice,  no  nitric  oxide  is  formed,  but  a  certain  lunouut  of  hydro^n,  and  a  lar^r 
proportion  of  nitrogen  and  aqueous  vapour.  When  exploded  iu  this  manner,  10 
grammes  of  gun-ootton  was  found  to  yit'Id  6740  cutnc  centimetres  of  gli^  at  O*'  C.  and 
1  metre  prcssurb.  These  gasfS  are  oombuotible,  on  account  of  tKe  Ulge  quantity  of 
carbonic  oxide  tlitry  contain. 

For  the  results  obtained  by  Karoiyi  from  gunpowder  burnt  is  a  Bmilarraiinner.  see 
ii.  9d8,  960. 

Abel  (Proc.  Roy.  Soc.  xiii.  204)  has  made  a  seriea  of  ingt^ious  e^teriments  on  tbe 
combustion  of  gun-cotton.  He  finds  thai  when  quantities  oi  g«o-oottoa,  wjing  from 
one  to  two  grains,  in  the  form  of  a  loose  twist  laid  double,  «r«  ignited  by  mMM  of  * 
]  Utinum  wire  in  highly  rarefird  atmospberes,  tbry  bom  TStjalovly,  presefttu^  by 
dtiytight  an  appearance  as  if  they  smoaldered.  Tbe  praeure  in  tbs  cue  duaeribra 
mum  not  exceed  8  inches  of  meicvy ;  but  the  nuvUctioa  ■  cimmuy  Su  Ibt  iwvll 
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raries  with  th"  quantity  uf  gon-cottcn.  its  mechanical  condition,  its  position  with  rrfpf- 
9nee  tu  thf  sourct-  of  heaU  the  qoantitT  of  heat  applied,  and  the  doration  of  ita  applicatino. 

Gun-ooUoD,  when  ignited  in  small  quantities  in  rarefied  atmospheres,  may  exhibit, 
during  its  combustion,  three  distinct  luminous  phenomena.  In  toe  most  highly  rare- 
fied atmospheres,  the  only  indication  of  combustion  is  a  beautiful  green  glow,  or  phos- 
phorescence, which  surrounds  the  extremity  of  the  gun-cotton  as  it  is  slowly  trans- 
formed into  gases  or  vapours.  When  the  pressure  of  the  atmosphere  is  increased  to 
one  inch  (with  the  proportion  of  gun  cotton  indicatedX  a  £sint  yellow  flame  appears  at 
a  short  distance  from  the  point  of  decomposition ;  and  as  the  pressure  is  incrvased, 
this  pale  yellow  flame  increases  in  sixe,  and  erentually  appears  quite  to  obliterate  the 
green  light.  Lastly,  when  the  pressure  of  the  atmosphere  and  consequent  proportion 
of  the  oxygen  in  the  confined  space  is  considerable,  the  cotton  bums  with  the  wdinary 
bright  yellow  flame.  There  can  be  no  doubt  that  this  final  result  is  due  to  the  almost 
instantaneous  secondaiy  combustion,  in  the  air  supplied,  of  the  iafiammable  gasen 
erolTsd  by  the  explosion  of  the  gun-cotton.  The  pale  yellow  flame  will  take  pl^e  in 
zarefied  nitrogen. 

In  a  series  of  experiments  made  under  gradoally  diminished  pressures,  oiygen  b<^ng 
Qsed  instead  of  air,  it  was  found  that  the  gun-cotton  exploded  instantaneously,  with  a 
bri^t  flash,  until  the  pressure  was  reduced  to  12  inch ;  from  this  prettsure  to  that  of 
0*8  inch  it  still  burned  with  a  flash,  but  not  instantaneoualy  ;  and  at  pre«sarea«  below 
0*S  inch  it  no  longer  burned  with  a  bright  flash,  but  exhibited  the  coraparatiTcly  sluw 
combustion,  accompanied  by  the  pale  yellow  flame.  In  aimoepheres  of  carbonic 
anhydride,  carbonic  oxide,  hydrogen,  and  coal-gas,  this  pale  yellow  flame  is  seen  as  in 
nitivgen  ;  but  the  two  latter  gases  hare  a  great  tendencyto  extinguish  the  combustion, 
doubtless  on  account  of  their  hi^  cooling  powers  by  convection. 

The  slow  kind  of  combustion  of  gun-cotton,  in  the  form  c^  twirt.  may  be  obtained 
also  in  a  powerful  current  of  atmospheric  air.  if  the  thread  of  cotton  be  pUc*l  in  a 
somewhat  narrow  glass  tube.  Indeed,  it  was  found  that  if,  eren  for  the  briefest  specv 
of  time,  the  gases  remlting  from  the  first  actioa  of  heat  on  gun-cotton  upon  its  ignitiMi 
in  open  air  are  impeded  from  completely  enreloping  the  burning  extremity  of  the  gun- 
eotton  twist,  their  ignition  is  prerented,  and  the  gun-cotton  continues  to  bum  in 
the  slow  and  imperfect  manner,  undergoing  a  transformation  similar  in  cfaarsct'T  to 
destraetiTe  distulation.  By  proper  azrangementa,  these  gases  may  be  burnt  at  the 
mouth  of  a  tube  while  the  gun-cotton  is  buying  in  the  interior.  There  is  little  doubt 
that  these  products  of  deeomposition  raiy  as  grmtly  as  the  phenomena  them»e]reti: 
thus,  in  the  instanoea  of  the  most  imperfect  metamorphosis  of  gun-cotton,  the  pmduots 
iaclvded  a  considerable  proportion  of  a  white  Tapour,  slowly  disMlred  by  water,  as 
also  small  quantities  of  nitrous  acid,  and  a  rery  large  proportion  of  nitric  oiide ; 
cyanogen,  too,  is  always  found.  This  conrrasts  greatly  with  the  simpler  products  of 
decomposition  found  l^  Karolyi  when  the  gun-cotton  was  exploded  under  tne  prr«*nrs 
of  a  confined  space. 

Abd  eonsiden  that  the  remarkable  fiunlity  with  which  the  combostioa  of  gnn- 
cotton  in  air  or  other  gases  may  be  modified,  might  be  taken  advantage  of  to  pruduce 
a  rariecy  of  mechanic^  eflecta ;  and  he  states,  that  by  enol<mng  in  suitable  cases  solid 
cords  made  up  of  two  or  more  strands  of  gun-cotton,  more  or  leas  compactly  twirted, 
he  has  succeeded  in  fnoducing  fuses  and  slow-matches,  the  time  of  burning  of  which 
may  be  accurately  regulated. 

practical  AppHcation  to  Gunnrry. — Gun-cotton  is  used  for  artillery  in  the  form  of 
thread  or  spun-yam.  In  this  simple  form  it  will  conduct  combustion  slowly  in  the 
open  air  at  the  rate  of  not  more  than  I  foot  per  second.  This  thread  is  wot#o  into  a 
texture  or  circular  web.  These  webs  are  made  of  rarious  diameters:  and  fmm  them 
common  rifie  cartridges  are  made,  m^ply  by  cutting  them  into  the  prnpr  lengths 
and  enclosing  them  in  stiff  nrlinderb  of  pasteboard,  which  form  the  car^ridcy.  In  this 
shape  its  combustion  in  the  open  air  taken  place  at  a  rpeed  of  10  fen  |^-»r  f>erood. 

The  gun-cotton  rara  is  uivd  directly  to  form  cartridges  fr>r  lar^e  guns,  by  beinc 
wound  round  a  bobbin,  so  as  to  form  a  ftpindle  like  that  u«ed  in  spinning  mill*.  The 
bobbin  is  a  hoUow  tul>e  of  paper  or  wood.  The  object  of  the  wooden  rod  is  to 
««cure  in  aU  cases  the  necessary  length  of  chamber  required  fior  the  most  «Be<tii> 
explcsioiL     fFor  figum  9/^  C%fmica/  Technology,  i.  [4]  506.) 

Prartically.  gun-cotton  is  most  effective  in  guns  when  used  as  j  to  j  weight  uf  powder. 
andoccupyingaipaceof  ^th»  of  the  length  of  the  powder-cartridge,  and  of  »uoh  deonty 
that  1 1  lbs.  occupy  a  cubic  foot. 

Lenk's  gun-cotton,  when  u*>«<l  as  a  substitute  for  powder,  if  fcnnd  t<>  posset*  the  fol- 
loving  adranraces:  1.  Greater  saffty  during  the  manu&ctnre.— 2.  The  pocnbtlitT  of 
keeping  it  under  watfr  at  any  time,  or  of  immersing  it  on  any  sudden  ereereerH-r, 
without  damaging  it. — 3.  Its  being  uninjured  by  damp. — C.  Easi-rand  tafrr  ci^cttt- 
aace,  ix^^r*"^**  as  one  tea  of  gun-cotton  does  the  wuck  of  ai  Icaat  three  teas  of 


^npovder;  and  there  U  no  f<par  of  the  dangerous  "getting  to  dott,"  and  tpilling. — 
b.  The  force  of  it«  explosion  can  be  regulated  io  u  to  produce  Tariooi  reenltJi 
deeired.  According  to  iis  mechanical  condition,  it  mej  be  made  to  bare  any  epeed  of 
explosion,  from  1  fbot  per  Mcond  to  1  foot  in  j^  of  a  second,  or  to  infltantaneity. 
The  intitantaneoua  explosion  of  a  large  quantity  of  gfun^cotton  is  made  use  of  when  it 
ia  required  to  produce  destructive  &S*ect(t  on  the  surrounding  material;  the  elov 
c-ombuiftion,  wheu  it  is  required  to  produoti  manageable  power,  ua  in  the  oue  of 
gunnery. — 6.  It  leave*  no  residue  in  the  gun  on  explosion. — 7.  It  produces  no  smoke.— 
8.  The  gases  produced  on  explosion  are  lessixyuriousto  the  gun,  and  to  the  men  serrtng 
it. — 9.  It  does  not  hest  the  gun  so  much. — 10.  It  produces  smaller  rocoiL  only  two- 
thirds  of  that  from  gunpowder,  the  projectile  effect  being  equal  This  depends  probably 
to  a  certain  extent  on  the  solid  re^idne  of  exploded  gunpowder  hating  to  be  projected 
in  addition  to  the  shut,  and,  as  is  generally  thought,  at  much  higher  Bpe«d.  Tha 
remainder,  General  Yon  Lenk  attribmes  to  a'  different  Uw  of  combustion.  On  account 
of  the  BmsIIneee  of  recoil,  a  Lighter  and  shorter  gun  may  be  employed. 

On  tbe  other  hand,  gun-cotton  haa  some  disadvantages  as  compared  with  gunpowdae, 

I.  It  is  sujtpected  of  b^mg  Liable  to  spoot&neona  decomposition  under  ctrtain  dd- 
known  circumstAnces. — 2.  It  ignitea  at  a  lower  temperatore. — 3.  For  use  in  guns,  it 
requires  greater  care  and  precision  in  the  mianufacture  of  the  cartridge,  leat  its  great 
power  should  be  exerted  in  rending  the  piece,  rather  than  propelLing  the  ball. 

Applieation  to  other  Military  Purposa. — However  suitable  gtui-cotton  may  se^m  to 
be  as  a  source  of  projectile  power,  it  is  still  better  adapted  to  other  purposes  for  which 
an  explosive  is  required.  Indeed,  its  cspubiliiy  of  iustanlaneous  explosion  enables  it 
to  perform  easily  some  descriptions  of  work,  which  gunpowder  could  scarcely,  if  at  all, 
accompli  ih. 

Tho  condition  necessary  to  produce  instantaneous  and  complete  explomon,  is  the 
absolute  perfection  of  dosensss  of  the  chamber  containing  the  gun-cotton.  The  reason 
of  this  is,  that  the  first  ignited  gaaes  must  penetrate  the  whole  mass  of  the  cotton ;  and 
thijj  they  do,  and  create  complete  ignition  throughout,  only  under  pressure. 

FoTjifws,  gun-cotton  is  woven  inio  a  web,  steeped  in  saltpetre,  and  oovered  with  an 
Indian-rubber  jacket  The  combnstion  of  this  takes  place  at  about  30  feet  per  second, 
and  produces  n  sharp  noise,  heating  but  not  tearing  the  jacket.  Such  a  fuse  will  fire 
although  a  considernble  weight  be  placed  upon  it,  and  it  may  be  doubled  up  without 
fear  of  the  fire  eummunicating  from  fold  to  fold.  If  ordinary  gun-cotton  thread  be 
tired,  ignition  takes  pluoe  at  the  rate  of  only  about  one  foot  per  second. 

Shells  with  holea  ore  easily  filled  with  gun-cotton  web,  and  projectiles  that  open  may 
be  charged  with  compressed  gun-cotton.  In  this  way  a  much  larger  smountof  fore* 
may  be  stored  up  in  the  shell  than  with  gunpowder;  consequently  il  bursts  into  double 
the  nnmber  of  pieces ;  and  it  is  said  that  the  atrouger  the  shell,  the  smaller  are  the 
fragments  into  which  it  is  broken.  "  It  is  a  weil-kiiuwn  fact,  that  a  bag  of  gunpowder 
nailed  on  the  gates  of  a  city  will  blow  them  open.  In  this  case  gun-cotton  would  fail ; 
ft  bag  of  gun-cotton  exploded  iu  the  same  way  is  powerless.  To  blow  up  the  gates  of 
a  city,  a  very  few  pounds  of  gun-cotton  earned  in  the  hand  of  a  single  man  will  be 
sufficient;  only  be  must  know  its  nature: — in  a  bag,  it  is  harmless;  exploded  in  a 
box  it  will  shatter  the  gates  to  HtomB."  A  small  box  containing  gun-cotton,  merely 
flung  down  close  to  palisades,  and  exploded  by  a  galvanic  battery  or  a  fuse,  will  open 
a  pa^8ag*'  fur  troops. 

The  same  force  has  been  applied  to  the  destruction  of  bridges.  "A  strong  bridge 
of  oak,  12  inches  scantling,  24  feet  span,  was  shattered  to  atoms  by  a  small  box  of 
25  IbK.  laid  uu  ittt  centre  :  the  bridge  was  not  broken,  it  was  shivered." 

For  military  mining  the  gun-cotton  charge  is  placed  in  little  barrels  with  strong 
boop«. 

The  effect  of  gun-cotton,  when  exploded  under  water,  is  very  remarkable,  The 
action  is  so  instantaneous  tluit  the  water  has  no  time  to  vield,  and  thus  it  is  unneGes- 
sary  to  place  the  charge  ia  contact  with  the  body  to  be  destroyed,  as  is  said  to  be  the 
case  when  gunpowder  is  used.  "Two  tiers  of  pilee,  10  inches  thick,  in  water  13  feet 
deep,  with  stones  between  them,  were  blown  up  by  a  barrel  of  100  lbs.  of  gun-cotton 
placed  3  feet  from  the  face  and  8  feet  under  water.  It  made  a  clean  sweep  through  a 
radius  of  Ifi  feet,  and  raised  the  water  200  feet.  The  iron  anchor  tt»ed  to  keep  the 
box  ill  position  was  found  broken  across.  At  the  close  of  the  Italian  campaign,  some 
experiments  on  ships  were  made  at  Venice,  in  the  presence  of  the  Emperor  of  Austria. 
In  one  of  these,  a  barrel  of  400  lbs.  weight  waa  [daiced  near  a  sloop  in  10  feet  of  water, 
the  nearest  part  of  the  hull  of  the  vessel  being  about  18  feet  distant ;  yet  the  sloop 
was  broken  to  pieces,  and  these  were  huridd  into  thp  air  to  ths  height  of  400  feet. 
This  kind  of  explosion  w  attended  with  terriAc  noise.  It  was  ohserTed  that  ths  fishes, 
for  perhitpa  half  a  mile  rvmnd.were  »tunued,  and  floated  on  the  surface.  They  recovered 
aftur  dwluie,  but  not  till  many  had  been  picked  up  by  hand." 
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Applwation  to  Sta$tiMff.^<hin-eotUm  thread  is  iroon  into  ropes  in  the  nsual  w.iy, 
ii|>  tu  TWO  inches  diameter,  hoUow  in  the  centre.  This  ia  the  fonn  need  for  bhistiug 
and  imning  purposes ;  it  combines  great  density  with  speedy  explosion,  and  in  this  form 
the  gwi-cotton  is  conveniently  coiled  in  casks  and  stoved  in  boxes.  The  fact  that  the 
•etion  of  gun-ootton  is  vic^ent  and  rapid  in  sixact  proportion  to  the  resistance  it  en- 
eonntws,  tells  as  the  secret  of  its  far  higher  effleacy  in  mining  than  gunpowder.  The 
StiOBger  the  rock,  the  less  gnn-cotton,  comparatiTely  with  gunpowder,  is  necesaary  for  tiie 
efiwA ;  BO  much  so,  that  while  gun-cotton  is  stronger  than  powder  as  S  to  1  in  utillery 
it  is  stronger  in  the  proportion  of  6*274  to  1  in  a  strong  and  solid  rock,  weight  for 
weight.  Its  power  of  splitting  np  the  material  can  be  r^;ulated  at  wilL  As  it  is  not 
liame  to  be  spilt  about  by  the  miners  like  powder,  there  is  lees  danger  of  accidental 
exph>sion.  The  absence  of  smoke  in  its  explosion,  alao^  conduces  to  the  eomfbrt  of 
Um  workmen. 

PyromyUnfar  tkt  prtparaium  of  Collodion, 

It  has  already  been  stated  that  the  lughest  nitro-snbstitation  product  of  cotton, 
namely  trinitrocellulose,  C'H^(NO')'0',  does  not  disaolre  in  a  mixture  of  ether  and 
sJcohol,  but  that  the  lower  compounds  are  capable  of  doing  so.  It  is  these  compounds, 
therefore,  that  are  alone  available  for  making  that  solution  of  gun-cotton,  which  is 
known  by  the  name  of  collodion,  Thm  are  prmuced  when  weaker  acids  are  employed, 
or  when  the  precautions  mentioned  aboTO  in  the  preparation  of  Leak's  gun-cotton  are 
not  observed  (p.  779). 

These  lower  nitro-substitntion  products  of  cellulose  do  not  resemble  the  original 
cotton  in  appearance  so  closely  as  the  highest  compound  does ;  for  they  show  mure 
signs  of  the  action  of  the  acid  on  the  fibre.  Indeed,  there  is  at  least  one  compound 
which  is  soluble  in  nitric  acid,  whether  fuming  or  of  as  tow  a  specific  gravity  as  1*25, 
and  may  be  precipitated  as  a  granular  powder  on  the  addition  of  water. 

Tbev  explode  at  a  lower  temperature  than  trinitrocellulose,  but  this  temperature 
depends  both  upon  the  nature  of  the  compound  and  the  manner  in  which  the  heat  is 
applied.  A  long-continued  heat  will  explode  a  mass  of  such  pyroxylin  which  at  first 
was  not  seton  fire;  and  there  can  be  little  doubt  thst  under  such  circumstances  it  may 
be  exploded  at  a  tompemtnre  very  little  exceeding  that  of  boiliiig  water;  indeed,  much 
lower  temperatures  have  been  mentioned  by  some  observers. 

These  lower  compounds,  when  explodeo,  leave  a  certain  amount  of  curbonaceonn 
residue. 

All  these  substitntion-prodncts  dissolve  in  sti^ng  sulphnrio  acid,  but  a  solution  nt 
cotton -xyloTdin»  C"H'*(^0»)'0'*,  in  that  acid,  is  charred  at  as  low  a  temperatnre  as 
180*  Fahrenheit, 

These  lower  compounds  are  liable  to  spontaneous  decomposition,  which  takes  plaee 
very  slowly  at  fimt,  but  when  it  has  reached  a  certain  point,  perhups  after  the  Tapsi' 
of  several  years,  the  action  becomes  much  more  rapid.  The  spontaneous  explosions 
whieh  have  sometimea  taken  place  with  ill-prepared  gun-cut  ton,  may  witn  great 
probability  be  attributed  to  the  pivsence  of  these  lower  compounds.  It  doea  not 
appear  to  be  proved  that  any  pyroxylin  ever  rx^odes  without  extraneouB  heat  Light 
certainly  favours  this  decomposition,  but  is  not  indispensable,  for  it  is  on  record,  that 
pyroxyhn  stowed  away  in  casks  has  evolved  a  choking  smell  after  some  monthsw  The 
usual  progress  of  decomposition  is  of  this  character:-  the  pyroxylin  begins  to  emit  a 
peculiar  odour,  rather  agreeable  than  otherwise ;  the  gas  incrensos,  perhaps  driving 
out  the  stopper,  if  the  pyroxylin  be  contained  in  a  8topp4Tod  bottle ;  the  cotton  becomes 
damp,  and  snrinks  together ;  and,  as  decomposition  goes  on,  the  fibre  disappears,  and 
there  remains  a  gummy  mass,  probably  interspersed  with  crystals.  The  gases  include 
nitric  oxide,  and  apparently,  in  some  cases,  pmssic  acid.  The  crystals  consist  of 
oxalic  acid,  and  the  re^due  is  a  mixture  of  products  consisting  of  water,  nitric  acit[, 
and  several  omiioic  acids  not  always  sohible  in  watiT. 

The  pyroxylin  used  for  the  preparation  of  collodion  is  not  a  definite  compound,  but  a 
mixture  of  two  or  more  varietiea  of  nitrocellulose.  It  may  be  prepared  by  treating 
cotton-wool  either  withoil  of  vitriol  and  nitmtcofpotassium.or  witha  mixture  of  ^t^nng 
nitric  and  sulphuric  acids.^  In  the  former  case,  60  grains  of  cottnn-wool  pulled  out  inU> 
•epante  balls  of  about  the  size  of  a  walnut,  is  immersed  in  a  mixture  of  6  fluid  ounces 
of  oil  of  vitriol,  SJ  OS.  (avoird.)  of  dried  saltpetre,  and  1  fluid  ounce  of  water.  TTie 
cotton  mnift  be  well  stirred  about  in  the  liquid,  kept  at  the  tenipei«ture  of  140®  Fah. 
for  about  two  minutes,  then  suddenly  thrown  into  cold  water,  and  briskly  moved  about 
till  thoroughly  washed.  When  nitroMuIphuric  acid  is  uued,  largtT  quantities  may  be 
operated  upon  at  once:  viz.  400  grainn  of  cutton-wool,  6  fiuid  ounces  of  nitric  acid  of 
specific  gravity  1*46,  18  fluid  ounces  of  oil  of  vitriol  of  specific  gravity  1*84,  and  4^ 
otmces  of  water.  In  this,  as  in  the  former  wse,  very  rapid  washing  is  neces.'w*r>'. 
otherwibe  tipv>n.\iui«cvk%  ^tcom^iUon  will  take  place,  attenaed  with  evolution  of  red 
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ftimes.  For deUilsof  monipalAtion  see  Hatdwich's  Manual  of  Ph^foffrapkic  CKtnmatry: 
also  Technology^  [4]  513>  The  properties  and  uses  of  collodion  have  been  already 
descnbed  (i.  1084V 


<  (firam  vv^s,  yellow)  is  the  name  giren  by  0.  Rose  to  a  mineral 
occurring  at  Mnrsinak  in  the  Ural,  m  small  orange-yellow  octahedrons;  also  by 
Teschemaeher  to  a  perfectly  similar  mineral  fifom  the  Azores,  which,  according  to 
Hayes,  ccmsists  chiefly  ofniobateof  zirooaium.    (Dana,  ii.  346.) 

:0&.    Syn.  with  PnaoL. 

lOVnra.  Thisname  was  given  by  Poles  (Berz.  Jahresb.  xix.  433)  to 
nn  alkaloid  extracted  by  alcohol  from  the  root  of  Chehdonium  vu^un,  and  distinguished 
by  forming  red  sparingly  solable  salts  with  acids.  It  is  doubtless  identical  with 
cbelerythnne  (i.  847). 


lOABTZW*  A  brown  hnmns-like  substance  found  by  Forrhhammer  in 
the  fossil  pine-wood  of  Denmark,  and  regarded  by  him  as  a  humate  of  boloretin 
(i.  619).  It  b  soluble  in  alcohol,  insoluble  in  ether,  and  when  its  alcoholic  solution 
is  mixed  with  a  quantity  of  ether,  not  sufficient  to  produce  a  precipitate,  and  ammonia 
then  added,  humate  (nimate)  of  ammonium  is  said  to  be  precipitated,  while  boloretin 
renuuns  in  solution.  The  substance  appears  however  to  be  merely  a  mixture  (Handw. 
d.  Chem.  vi.  739). 

wrmUMoaxnwmm,   Syn.  with  G-   hitb. 

vnuUiOTXW.    Magnetic  pyrites.    (See  InoN,  Sui^pHrons  or,  iu.  401.) 

VTBKOXn  C*H*N.  (Kunee,  Pogg.  Ann.  xzxi 67.— Anderson,  Ed. Phil.  Trans. 
XX.  [2]  247;  xxL  [4]  671.— Schwanert,  Ann.  Ch.  Pharm.  cxv.  279.) 

History. — Runge  was  the  first  to  observe  that  the  products  of  the  destructive  dis- 
tillation of  coal  contained  a  substance  which  caused  fir-wood  moistened  with  hydro- 
chloric acid  to  assume  a  red  colour.  It  is  not  neoessaijir  to  moisten  the  wood  with  the 
liquid  to  be  tried,  it  is  suffident  to  hold  it  over  the  liquid  containing  the  pyrrol  Bunge 
considered  pyrrol  to  be  a  gas,  but  he  ne^r  prepared  it  in  a  pure  state. 

Formation. — I.  Pyrrol  appears  to  be  produced  in  almost  every  instance  where 
animal  or  vegetable  matters  containing  nitrogen  are  subjected  to  destructive  distil- 
lation (Gr.  Williams). — 2.  It  is  also  produced  in  considerable  quantity  by  the 
destructive  distillation  of  mucate  of  ammonium,  occurring  as  a  product  of  decomposition 
of  the  dipyromncamide  (carbopyrrolamide)  formed  in  the  first  stage  of  the  decomposition 
(p.  765). — 3.  By  heating  carlwpyrrolic  acid,  C*H*NO*,  which  is  resolved  thereby  into 
pyrrol  and  carbonic  anhydride  (p.  764). 

Preparatum,  1.  From  bone-oiL — The  oil  is  shaken  np  with  dilute  faydrochlorie  or 
sulphuric  acids,  and  the  acid  solution  is  distilled.  A  portion  of  the  pyrrol  is  thereby 
destroyed,  but  the  greater  portion  distils  over  in  an  impure  state.  By  repeated 
fractional  distillation  it  may  be  obtained  with  a  boiling  point  between  132°  and  143*>. 
It  is  then  to  be  several  times  shaken  up  wit^  dilute  aadis,  to  remove  fiet^ine  and  other 
basic  impurities.  After  drying  by  means  of  sticks  of  potassium,  it  is  again  frac- 
tionally distilled  until  it  boils  almost  entirely  between  134°  and  138°.  In  this 
s*Ate  it  gives  tolerably  correct  numbers  on  analysis,  but  it  is  still  contaminated  with 
some  impurities  which  give  it  an  offensive  odour.  It  most  therefore  be  cohobated 
over  solid  hydrate  of  potassium  until  little  or  no  liquid  is  seen  to  rife  in  the  eohobat- 
ing  tube,  even  although  the  bottom  of  the  flask  is  heated  almost  to  rednesa  The 
cohobating  tube  is  Uien  replaced  by  a  bent  tube,  and  all  volatile  matters  are 
distilled  away ;  the  residue  in  the  flask  is  poured  out  on  to  a  metal  plate  and  allowed 
to  cool ;  and  the  compound  of  pyrrol  with  potash  is  decomposed  with  water,  when  the 
pure  pyrrol  will  rise  to  the  surface  in  the  form  of  a  ftiigrant  colourless  oil,  which 
may  be  dried  bv  digestion  with  sticks  of  potash.  On  rectification  the  pure  pyrrol  will 
come  over  steadily  at  133°.     (Anderson.) 

2.  From  raucate  of  ammonium. — When  this  salt  in  the  state  of  dry  powder  is 
distilled,  crystals  of  carbonate  of  ammonium  are  obtained,  together  with  an  aqueous 
solution  of  carbopyrrolamide  and  a  brown  oil  chiefly  (^insisting  of  pyrrol  floating 
thereon ;  and  by  washing  this  oil  with  water,  dehydrating  it  with  solid  potash  and 
rectifying  it  after  standing  over  chloride  of  calcium,  the  pyrrol  is  obtained  pure.  This 
is  a  much  easier  mode  of  preparation  than  the  former.  Carbopyrrolic  acid  (p.  764) 
does  not  yield  pure  pyrrol  quite  so  easily,  because  a  portion  of  it  sublimes  undecomposed. 
(Schwanert.) 

iVoper^te«.~Colourles8  transparent  liquid  of  delightfully  fragrant  odour  resembling 
chloroform,  but  softer  and  Um  pungent.  Boils  at  133**.  Tastes  bot  and  pungent. 
Sparingly  solable  in  water,  but  is  readily  soluble  in  alcohol,  ether,  and  oiU.    Insoliible 
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In  alkaline  solutiona;  dissolves,  but  not  readily^  in  acids.    Specific  gravity  of  liquitl 
1077,  of  vapour  2-40. 

Ik(!<ympotition8. — 1.  Coloorless  pyrrol  soon  becomes  brown  by  keeping;  it  may, 
however,  always  be  re-obtained  colourless  by  distillation.  2.  A  j^iece  of  fir-wood 
moistened  vrith  hydrochloric  acid  rapidly  acquires  an  intense  carmine  colour  when 
exposed  to  even  the  minutest  traces  of  pyrrol  vapour.  One  drop  of  pyrrol  will  confer 
upon  the  air  of  a  large  jar  the  power  of  giving  this  reaction.  3.  When  agitated  with 
dilute  acids  in  the  cold,  pyrrol  dissolves  unchanged,  but,  on  heating  the  solution,  a  red 
fiocculent  substance  called  pyrrol-red  {i'nfra^^  is  formed  in  such  quantity  that  tittt 
Teftsel  may  be  inverted  without  the  contents  escaping. — 4.  Solution  of  platinic  chlorid*' 
ndded  to  a  cold  hydrochloric  eolation  of  pyrrol  causes  the  solution  to  become  instantly 
dark  coloured,  and  in  a  few  minntes  an  abundant  black  precipitate,  containing  platinum, 
but  of  indefinite  composition,  is  deposited. — 6.  Solution  of  ferric  chloride  causes  the 
hydrochloric  solution  of  pyrrol  to  become  first  green  and  then  black. — 6.  Dichromatf 
of  potassium  also  decomposes  a  similnr  solution  with  formation  of  an  abuntlant  black 
precipitate. — 7.  Fyrrol  is  rapidly  oxidised  by  nitric  acid,  red  fumes  are  given  off,  and, 
if  the  action  is  prolonged,  oxalic  acid  is  formed. 

8.  Alcoholic  solution  of  pyrrol  gives  a  white  precipitate  with  mercuric  chloride,  and 
also  with  chloride  of  cadmium,  but  it  does  not  precipitate  the  metallic  oxidea 
generally. 

The  m^rcury-saltf  C*H'K.2Hgf  Cl^  is  a  white  crystaUine  powder  insolnble  in  water, 
eparingly  soluble  in  cold  alcohol :  the  solution  is  probably  decomposed  on  boiling. — 
The  cMlmiuM-salt,  4C^H*N.3Cd''Cl^  ifi  a  white  crystalline  {^owder  insoluble  in  water, 
but  readily  soluble  in  hydrochloric  add. 

Pyrrol  does  not  form  any  definite  compounds  with  acidst  although  it  is  decidedly 
basic.  At  a  red  heat  it  unites  with  hydrate  ofpotassium^  but  the  compound  is  decom- 
posed by  mere  solution  in  wuter.  C.  Q.  W. 

>T»OT— » im.  C"H'^'0.— When  pyrrol  is  warmed  or  boiled  with  excess  of 
sulphuric  or  hydrochloric  acid,  this  substance  separates  in  amorphous  orange-red  or 
brown  fiocks,  the  colour  of  which  is  darker,  in  proportion  as  the  action  of  the  acid  ha* 
been  longer  continued.  It  is  also  produced  when  carbopyrrolic  acid  or  its  barium-s:tlt 
is  heated  to  60^  or  above  with  aci(u,  the  carbopyrrolic  acid  being  thereby  resolved  into 
carbonic  anhydride  and  pyrrol,  a  portion  of  which  is  then  converted  into  pyrrol-red  sh 
above. 

Pyrrol-red  is  insoluble  in  water  and  in  ether,  but  somewhat  soluble  in  hot  alcohol ; 
insoluble  in  acids  and  in  alkalis.  Anderson  found  it  to  contain  71  '98  per  cent,  carbon, 
6'88  hydnwen,  13*59  nitrc^en  and  7'5d  oxygen,  agreeing  nearly  with  the  above  formula 
which  requires  71-28  C,  6*93 H,  13-86 N,  and  793  0.  Schwanert  found  in  pyrrol-red 
from  carbopyrrolic  acid,  proportions  of  carbon  and  nitrc^n  smaller  than  these.  A<*- 
curding  to  Anderson's  formula,  the  formation  of  pyrrol-red  from  pyrrol  may  be  represented 
by  the  equation, 

30H»N  +  ffO    -    C'»H"NK)   +   NH». 

Syn.  with  pTSOBA.cnao  Acid  (p.  769). 
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add,  p.  295). 
Nitroxytene  or  Nitroxylol  (a.  Xylene). 

Nitroxynaphthalic  add       .       .       .  — . 

Nitrum 118 

Nitry!  ...               .        .       .  - 

Nooienclatnre; 

Historical  Notices.        ,        .        ,  — . 

Komenclature  of  Inorganic  bodiea  122 

Muinendatureof  Organic  bodies  .  127 

NomenclatareofGroaps    .  129 

Nomendatore  of  FnnctioDa       •  180 

Alcohols.        .        .       .       .  — 

Adda 182 

Terminations     ....  188 

Lileratore 184 

Nontronite — 

Non^ — 

Konylamine  ...•••  — 

Nonylene — 

Chloride  and  Bromide  of  Noarlene  185 
KonTlic  alcohol  (s.  Nonyl,  p.  182). 

Kordenskidldite — 

NoriU — 

Noriam — 

Noeean — 

Notation 186 

Early  Synib(^      .       •        .        .  — 

Bergman's  Symbols       ,        ,        .  _ 
I«aToisier*8  Notation     .       .        .137 

NoUtion  of  Hassenfhita  and  Adrt  188 

Notation  of  Benelios    .        .        .  189 
Notation  in  actual  oso  .        .        .140 

Notite 142 

Nadn •  — - 

Nuclein 143 

Nacleos  Theory — 

Namber%  Law  of  Even  (s.  Claaaifica- 
tion,  i.  1011> 

Nnssierite 145 

Nat  oils        ,....,— 

Nutmeg  oila — 

Nntrition,  Animal* .       •       .       .  *- 
On  the  aatore  of  food    .       •       .147 

Dietetica — 

General  Laws  of  NtttritioQ    .        .  148 

A.  Statics — 

B.  DynanJc*  .  .  .  .259 
Nntrition  of  PUotc  ...  162 
KuttaUte  (s.  ScuoUta). 

Nox  vomica  (s.  Btijduioa). 

Nympfaaa 169 


CD 

a 

o 

o 

o 

o 
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Oats  (s.  CeiMla,  i  8S8). 
Obsidian  and  Pnmioa  • 
Ochran.       •       .       • 
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Ochre   •                       • 

.    170 

Ochroito 

,     .— . 

OchoU  Oil  or  Cftmphor 

.      — ■ 

Ocuhedrit«  (>.  Autaae,  i.  289). 

Octyl 

•      --' 

Octyl,  Bromide  of        .       .       . 

,      ■— . 

Octyl,  Chloride  of 



Octyl  Hydrate  of        .       .       • 

,      — 

a'tvl.  Hvdrideof- 

.     171 

OtivU  lenlkle  flf    *        .        • 

.    172 

Oc;tvl,  Ojtide  of     .        .        ,        , 

_ 

Octyl,  Sulphide  of 

— 

OctTlamiae  ,         -        .        .        . 

•      "^ 

Octvlene 

— 

Mi:U-octvlene       . 

.    178 

OrtTku*,  AcetatB  af     .        .        . 

_ 

Octylene,  Bromide  of    . 

— 

Octylene,  Hydrate  of    . 

-— 

Octylene,  Hydrato-ohloride  of     , 

— 

Ocaba  wax 

,      ~— 

Odmyl 

.      _ 

Odonne 

.     174 

Odoniolite  (s.  Tarqaois> 
(Eoanthic  add  and  Ether    . 

^ 

ChlonBoanthio  add  and  Ether 

•      — 

(Enanthol 

,      

Metonantbol         .       . 

_ 

(Enauthyl    ..... 

.    176 

aOtinntbjl,  Chlondeof 

_ 

CKiuiithvl,  HydriJe  oT. 

.    177 

aZnufUhylacelone  (i.CEiiaD  thy  lone 

^ 

Oilnanlhvlamida   .... 

CEiiat^tbylvDe  (i.  U«ptyl«zie), 

CEaanthyiio  acid  .... 

,      ^ 

G^fjuithvliitH 

,      _ 

CEuttntKvlic  j\nlivdnd« 

.    178 

CKnaniliylk  Ethera      . 

,      

C£aAiitliyb-b«n)ioic  Anhydridfl    . 

^ 

Q^tunlhyLu-cumiDic  Anbydrifl«    . 

.      — 

dLcMtilJjTbne        .        ^        ■        . 

,      ^ 

avjufrUivl'SuIphuric  acid     . 

^ 

CEnantfayloas  add        ... 

^ 

(Enol 

^ 

(Ei)olin 

— 

CEnometer 

— 

(Enyl 

— 

(Erstedtite 

•      *— 

OfikHelmontii     .... 

.    179 

Ogeoite  (a.  RipidoUte> 

Oil  Gas         ..... 

,      ^ 

Ui],  Genessee  or  Seneca 

— 

Oil  Mineral 

.      ^ 

Oil  of  Vitriol        .... 

,      

Oil  of  Wire  (8.  Etherin,  li.  607> 

Oils 

,      — 

A.  Fat  or  Fixed  oils : 

Vegetable  oils.  Drying  and  > 

70D- 

drying    .... 

.    181 

FishoiU    .... 

•      — 

Otber  Animal  oils     . 

.. 

a.  Oilof  Anu 

,      _ 

fi.  Oil4  froiiLEgg-yoik  . 

— 

y.  Lard'OU 

^ 

8.  Neat Vfuot  oil 



c  Oil  of  SilkiTo^rni 

— 

Adulteratioa  of  Fat  oila. 

— 

a  Volatile  oils: 

Occurrence 

.     182 

Preparation 

.    184 

Properties  . 

Table  pTSpeciBc  Graritiesi 
Optical  Properties 

.    185 

ud 

.    186 

Hydrocarbons  from  Volatile  oi 

la      187 

rxau 

Oila: 

Decompositiona .       •       • 

.    188 

Combinationa     .        . 

.    189 

Adnlterationa    .       •       • 

.    190 

Oisanite 

.    191 

Okenite 

Oleamide 

^ 

Oleandrine  fs  Fseadocnrarine^  p.  748). 

Oleene  (a  Nonylene). 

OleOant  gas  (a.  Ethylene). 

Olefinea 

.    192 

Oleic  acid 

^      ^ 

Oleates  

.    198 

Adds  related  to  Oleic  acid : 

a.  Hydroleic  and  Metoldc  adds    196 

fi.  Efaldicacid   . 

— ■ 

Oleic  Ethers: 

Oleate  of  Ethyl     . 
Oleate  of  Methyl   . 

»     -" 

^ 

Qliiaies  of  G]ytttyh  Momo-,  IH- 

and  T^'Otein      ....       — 

OliialeofMflntiHyl 
OleiQ  Cs>  Oleic  Ethers). 

.    196 

Oleone  ,*,.., 

^ 

Oleoptiosplioric  acid      , 

,     — 

Oleum  At]iiii«i!e  DippdLii       .         • 

,    197 

Oli^um  Jccuris  Aaelli     . 

Olibanam 

.    198 

Olidic  add    .        .       •       «       • 

Oligistlc  iron        .... 

,      — 

Oligoclase 



Oligon-spar 

.    199 

OliTO 

— • 

Olive  oil 

^ 

Otivenite      ..... 

.    200 

OlivenoSd 

Olivil 

— 

Olivin 

.    201 

Olivimtin 

.    202 

OUvite 

Omichmvl,  Oxide  of     . 

— 

Omphazite 

,      ^ 

Oregite 

•      — 

Onkodn 

Onoceria 

Onofrite 

_ 

Ononetin 

^_ 

Ooonide 

.    208 

Ononin 

Ononia 



Ottoepin        ..... 

,      ^ 

Onyx 

Oolite 

.    204 

OodU 

^ 

Opal 



Opal  Allophane    .... 

.    205 

OphioUte 

,      _ 

Ophite  (s.  Serpentine). 

Ophitone       ..... 

,      ^ 

Opiammooe 

^      ^^ 

Opianicadd 

^      ^. 

Opianat^      .... 

.    206 

Oplatio-aulpbarotu  acid 

— 

Opianicr  acd*  Amide*  of 

,      ^ 

^ 

Opifltnmpoe  .... 

.    207 

TcrupidLbmoiie        .          .         , 

Opjaiiit;  tlhef  (e.  OpianaUs> 

Upjiiniiife? 

^ 

Opianu  ftulptauroua  sdd  (p.  206). 

Opidiiyl        .        .        .        .        • 

•      — 

Opium  .«.,,. 

,      ^ 

O^iium  fat 

.    2M 
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OfrfnminarB         •       «               .       .  208 

Opium  resin — 

OpobalMm — 

Opodeldoc    ,                .        .        .        .  — 

OjK  panax 211 

Opeinioee — 

Orange  (a.  Citnu,  it  1002). 
Unuigite  (&  Thorite). 

Orcein — 

Orchella  weeds — 

Orvhil — 

Orchis — 

Ordn ,  — 

Swbttitution'derhaiivea  of  Onin  ; 

Bromorcin,  Tribromordn  .        .  318 

Tricblororcin,  Tri-iodorcin     ^  .  214 
Compotmdt  hoaulogma  wiA  Orem: 

Beta-orcin — 

Beeorcin 215 

Orellin — 

Oreoselin — 

Oreoeelone 216 

Organic  Anal^viB  (a.  Analysis,  L  225). 

Organic  Cbemiatrv       .       •       .       •  — 

Organo-metallic  Bodies       •       .       .  317 

Fonnation 218 

Properties 223 

Potasaiom,  Sodiam,  and  tithinm 

aeriea — 

Uagneaiam  series       •       .       «  224 

Ainminiam  series      .       •       •  — 

Zinc  series 226 

Cadmiuin  series ....  226 

Tin  series — 

Bismnth  series  •       .       .       .228 

Lead  series        .       .        .       .  — 

Mercuric  series  .        •        .        .  — 

Antimony  series        .        .       .  229 

Arsenic  series     ....  230 

Teltarium  series         .        .        .  283 
Constitotion    of  Organo-metallic 

Bodies — 

Organum  (see  Marjoram). 

Oropion  (s.  Rock  salt). 

Orpiment      ......  286 

Orseille  (s.  Archil). 

Orsellesic  acid  (a.  OnelUnle  add). 

Orseilic  acid — 

Orsellinic  acid — 

Ontellinic  Ethers 236 

Orthite 2S7 

Ortbocarbonate  of  Ethyl      ...  288 
Orthoclase  (s.  Felspar,  IL  619). 

Ortho-salts — * 

Orthose  (s.  Ortboclase). 
(^man'osmic  acid  (s.  Osmiamic  acid). 

Osmazome 239 

Osmelite  (s.  Pectolite). 

Osmiamic  acid      .        .        •        •        .  — 

Osmiaraide    ......— 

Osmiridiam 240 

Osmitopsis,  Oil  of.        .       •       .       .241 

Osmium — 

Osmium,  Cbloridea  of  .       .       .       .242 

Dichloride,  Trichloride .       .       .  — 

Tetrachloride                ...  243 

Hexcblorlde 244 

Osmium,  Detection  and  Estiniatioc  of.  — 

Osmium,  Oxides  of      ...        .  246 

Protoxide.   Seaquioxide.  Dioxide  — 

Trioxide.    Tetroxide    •       •       .  24<> 


Osmlnm,  Sulphides  of  .        .       • 
Osmium-bases,  Ammoniacal         • 
Osmose  (s.  Liquids,  iii.  718). 
Ossein  (s.  Bone-cartilage,  L  619). 

Osteolite 

Ostranite 

Ostreocolla 

Othvl 

Otobafat 

Ottrelite 

Ouvarovite 

Owala 

Owenite       .       .        •        •       « 
Oxabenzidide       .... 

Oxacalcite 

Oxacetic  add  (s.  Glycollic  add,  11. 909). 
Oxalacetic  urid     .... 
Oxalan  (a.  Oxaluramide^  p.  277). 

Oxalantin 

Oxalic  acid      .... 
Oxalates       .... 
Oxalate  of  Aluminium  . 
Oxalates  of  Ammonium 
Oxalate  of  Antimony 
Ammonio-,  Potassio-,  and  Sodio- 
arttmonic  Oxalate* 
Oxalates  of  Arsenic 
Oxalates  of  Barium 
Oxalates  of  Bismuth 
Ammonio-    and  Sodio-biamuth 
Oxalates         .        .        • 
Oxalates  of  Cadminm    . 
Oxalate  of  Cadmammoninm , 
Ammonio- cad mic  Oxalates 
Potassio-cadmic  and  Sodio-cad 
mic  Oxalates, 
Oxalate  of  Calcium 
Oxalates  of  Cerium 
Oxalates  of  Chromium 

Double  Salts 
Oxalsten  of  Cobalt 
Pota-^io-cobaltous  Oxalate 
Oxalate  of  Cobalt-nickel-ammo- 
nium     .... 
Oxalate  nf  Copper 
Oxalate  of  Didyminm   . 
Oxalate  of  Glucinom     . 

Ammonio- glucinic  Oxalate 
Oxalates  of  Iron : 

Potassio- ferrous  Oxalate  . 
Ammonio-ferric  Oxalate   . 
Barvto-,  Calcio-,  Potassio-,  So- 
dio*,  and  Strontio-fenic  Oxa- 
lates      .... 
Oxalate  of  Lanthaonm .        • 
Oxalates  of  Lead: 
rotassio-plumbic  Oxalate. 
Oxal-)- nitrates  of  Lead      . 
Oxalates  of  Uthinm      . 
Oxalates  of  Magnesium 
Ammonio-msgnraic  Oxalates 
Potassio -magnesic  Oxalates 
Oxalates  of  Manganese 
Ammonio-maoganousOxalates 
potassio-,  and  Sudio-manganoua 
Oxalates 
Oxalates  of  Mercury     . 
Ammonio*mercuric  Oxalate 
Oxalate  of  Tetramercnrammo- 

nium  (in.  918). 
Potassio-mercuric  Oxalate 
Oxalates  of  Molybdenum      • 
OxaUteofXickel. 
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Oxftlicacid: 

AmmoDio-nickel  Oxalates 
Ozalato  of  Nickel-cobalt-amnio- 
niam  Op.  258). 
Oxalate  of  Palladium    . 

Ammonio-palladious  Oxalate 
Oxalates  of  Platinum    . 
Oxalates  of  Potaasiam  , 
Oxalates  of  Rabidiam  . 
Oxalate  of  Silver  . 

Ammonio-ozalate  of  Siiver 
Oxalates  of  Sodium  , 
Oxalate  of  TanUlum?  . 
Oxalate  of  Tellnriom  ?  . 
Oxalates  of  Thallinm  . 
Oxalate  of  Thorioum    . 

Potassio-thorinic  Oxalate . 
Oxalates  of  Tin      . 
Ammonio-and  Fotaado-stannoas 
Oxalates 
Oxalate  of  Titanium 
Oxalates  of  Uranium     .        . 
Ammonio-uranous  Oxalate 
Ammonio-  and  Potaasio-uranic 
Oxalates        .       . 
Oxalate  of  Vanadium    . 
Fotassio-vanadic  Oxalate 
Oxalo-vanadic  acid    . 
Oxalate  of  Yttrium 
Oxalate  of  Yttrium  and  Potas- 
sium      .       .       . 
Oxalate  of  Zinc     . 
Oxalate  d  Zinc  and  Ammo- 

rdnm      .... 
Oxalate  of  Zinc  and  Potassium 
Oxalic  acid,  Amides  of        • 
Oxalic  Ethers       .... 
Oxalate  of  All^rl    . 
Oxalates   of  Amjrl,  neutral  and 

acid    .        .        .        .       • 
Oxalates  of  Ethvl: 

Neutral  Ethvlic  Oxalate : 
OxaBe  Ether  , 
Perch loretbylic  Oxalate 
Ethyl-methylic  Oxalate 
Etibyloxalic  acid 

Pentachlorethvloxalic 
ChloroxaloTiiLic  acid 
Oxalate  of  Ethylene 
Oxalates  of  Methyl : 
Neutral  Methylic  Oxalate 
Cfaloromethylic  Oxalates 
Compounds    produced   by 
action  of  Zinc-ethyl,  &c.  on 
Uie  Oxalic  Ethers       . 

1.  Diethoxalic,  Dieth(^lycol- 
tic,  or  Leucic  ether     . 

2.  Dimethoxalic  or  Dietho- 
fflycolUc  acid 

8.  Ethometboxalic  or  Etho- 
methuglycoUic  acid 

4.  Amhydroxalic  or  Amogly- 
coUicacid   . 

ft.  Ethamuxalic  or  Ethamo- 
glycollic  add 

6.  Diamoxalic  or  Diamogly- 
collie  acid   . 

7.  Products  of  the  action 
Zinc  on  a  mixture  of  Amy- 
lie  Oxalate  and  Amylii 
Iodide. 

Oxalite         .... 
OxalmethyloTinide  (p.  271). 
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OxaloTinlc  acid  (n,  KthTl-ozaHc  add. 

p.  271). 
Oxalaramide        .        .        •       ,       , 

Oxalaranilide 

Oxaluric  acid 

Oxalvinometbylide  fp.  271). 
Oxametfaane   (s.    Ethylio    Oxamat& 

p.2S0y 
Oxamethylane  (s.  Uethyllc  Oxamate, 

p.  281). 
Oxamic  acid         .... 
Oxamates     .... 
Oxamic  Ethers     .... 
Amylic  Oxamate  or  Oxamylane 
Ethylic  Oxamates: 
Oxamethane      .        . 
Ghloroxamethane       .        , 
Ethyloxamic  acid 
Etiiylic  Dietbyloxamate    • 
Methylic  Oxamates : 
Oxamethylane  .       •       , 
Hetbyloxaroic  add    .       . 
Ethylic  Dimethyloxamate 
Fhenyloxamic  or  Oxanilic  add 
Ozamide       ..... 
Dimethyloxaratde .       ,       . 
Diethyloxamide    .       ,       . 
Diamyloxamide     .        .        , 
Nanhtfayl  oxamides: 
Dinaphthyl-oxamide    or   Oxa- 
naphtbalide    .... 
Cyanodinaphthyloxamide       or 
Henaphthoximide' . 
Phenyloxamides: 
Mo'nophenyloxamide  or  Oxani' 

lamide     .... 
Piphenyloxamide  or  Oxanilide 
Cyanodiphuayloxamide  or  Mo' 
lanoxiinide     . 
Oxanaphthalide)   ,^  «oc\ 
Oxanilamide       j"  ^P'  ^^f- 
Oxanilic  add  (s.  Phenyl'Oxamic  acid. 

p.  281). 
Oxanilide    (s.    Diphenyloxamide,    p. 
2o5). 

Oxaniline 287 

Oxanthracene  (s.  Paranaphthalene). 

Oxatolylic  acid 

Oxethyl 288 

Oxetbylene-bases  (s.  Ethylcne-bases, 

ii.  693). 
Oxetbyl-triethyl-phosphoDinm  (s.  Phos- 
phorus bases). 
Oxhaverite  (s.  Apophyllite,  L  267). 

Oxonic  acid  .... 
Oxuric  acid  .... 
Oxyacanthin         .        . 
Oxyacanthine       .        .        , 
Oxyanisamic  acid 

DiazoaDis-oxyantsaroic  or  Diazo- 
anis-amidaniaic  add  . 
Oxybenaamic  acid 

Acetoxrbenzamic  add  . 

Benzoxybenzamic  add . 

Diazobenzo-oxybenzamic  or  Dift* 
zobenzo'amidobeDzoic  add 

Diazobenzoic  acid . 

Dioxyt)enzamic  add      •       • 
1  Oxybeuzodiamide         .        .        ^ 
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Oxybenioic  add  .       .       •       •      •  295 

lodoz^'bcDKoic  add       .       •       •  — 

Kiirnxyb<?nit)ic  acid      .        .       .  — 

TrinJTroxybeoEoic  acid .        .        .  296 

OxTbutyric  acid   .         ,         ♦        «        •  -^ 

0£ybi4tyraxy1*propiqtiic  alfaw     .        •  ^ 

Oiiycariboicjiic  v:m      •        •        •       .  ^ 

Garboxvlic  acid      •        «        ■        •  — 

Oxycarini»ic  K-id          .         »        ,        .  — 
Oxrdjluric  add  (s,  FqixJiLoHc  Acid,  i. 

(IXJC^ll(^rides         ,,.,.— 
OxVcblorocarboaic  icid  [8.  Cblorlda  of 

Oarbonyl,  i,  774), 

Oxyrinthonine     .                 .        -        -  — 
Oxy^nbuldc  ulta(8.C4b&1t-baiei*Ain- 

Oxrcnx>oaic  add  (b.  LeaconJc  itcid,  iii. 

684). 

OxjcnroinaiDic  Acid      .         .        .        •  297 

Diaz^umin  oxrtmminunic  acid    .  -^ 
OxyL'i]mirJi^&cid(r(«{]uiTimic«ddtij<179). 

O\vililiTiHi]0phenyJ-iuJph[iric  add        .  — 

QxyflaohdM — 

Ox>fcen — 

Active  Oxv^Li  ar  0£od»       .        .  299 

0]ri'le«  an<l  Hydr^tiH    .         .         .808 
MetflllU:  Oxides  Aud  Hydrates; 

their  ClAA?i^Rjitii>n .        .        *  — 

Occurrence  and  FonnntioD  of  Me- 
tallic Ox  idea       .        .        .        .807 

Peruxidea  of  Orgnnic  Hadlclea       .  809 

Oxv^fn,  Detectiun  and  Estim«tion  of.  811 
Oxygenated  Water       .       .        .       .812 

Oxj'genoXd — 

Oxrguaniae.        •        •        .        ■        .  '— 

Oxy^uniraic  acid  ,       ,       *       ,       •  — 

Osyhippurie  Acid .        .         .        <         .  — ■ 

Ox.v-bvdroffflfl  Blowpips       .         ,         .  ^ 
Qxy iodic  acid  (a.Portadic  acid^  iii-  307). 

Oxyli^iition    ,«...«  818 
Qxylizuric  add  («l  Parparin). 

*txyiUBtbyl-CHrl«)iiic  acid     ,        •       *  — 

Oxymethvl-trietbyl  pbOBphcnJam       .  — 
0»ym(jfphinft        »..,,— 

OAynaphtlnLic  Add       .         .        .         .  — 

ChbroxjnApbtb&lic  and  Ferchlor- 

oEyaapbthulic  acidi   *        •        •  — 

Oxynnphtliyt  Chlnrid^s  of  *        »        .  814 

CUbriio  of  Ciilortixynaptitbyl  and 

Ch  Joride  of  PervLJorGxyiiapbtbyl  — 

Oxy  n^pb  thy  Ifttni  ne       .        *        .        *  — 

Oxy  pdr»  tar  uric  acid     «...  815 
Oiyp'^ucotBnio  (fc  PeucedaniD), 

OxyphenjG  add     ,..■,*  — 

AcetoxypheDic  and  Beszoxypbeiuc 

acida  : 817 

Oxyph«nyl-BiilphaT|eacid  .       •       •  ^ 

Ojiyphor|>hyric  acid     •        •        •        •  -^ 
OxypJcHc  acid       ..•».— 

t)xy pin j tannic  aclda     .       .       •        ■  819 
Oxyporpbync  Acid  (s,  Porphyxie  add). 
Oxyprcttrin  (a.  PmUin). 

Oxypyrolic  add    •••••  — 

Dxy qiiinine  « 820 

Uxyrrophone         .••.•  — 

Oxysalitylic  Atid — 

Dioxysolicylje  or  Qallic  add        «  — 

Oxyflail* — 

Oxyatrychninea    ^       •       •       •       •  — 

Oxvsulphidea        ,        .        .        .        •  — 
OxyHulptiocarljonic  Etben  (a.  Sulpho- 
carbonic  Ethers). 


Oxyfiilph«pUtinocTaiiide  of  Fotaadtub 
(i.  Cranide  of  Platinamp  iL  267). 

0xys»fphci4u]pbarouA  acid  (a-  Hypo- 
flulpburoiu  acid,  under  Salpiiar» 
Oxygen-acids  bf). 

Qxyflyiric  add      ,         *        •        •        •    821 

Oxyten^pbthalamiL  acid 

Oxyterephtbalic  acid 

Oxytolic  acid 

Oxytolaamic  add 

Oystera 822 

Ozarkite       .       , 

Ozocerite  or  Ocokerita 

Ozone  (a.  Oxygen,  p.  299). 

OzoDe-hydrogen  •       •       •       •    828 

Osooe-water        • 


Pachnelo      ..••..    828 

PacbnoUte — 

PackfongorPaditong.        .       •       .    8S4 

Pnonin — 

Pagodite  (a.  Agalmatolite,  L  60). 
Paisbergite  (a.  Rhodonite). 
Pakoe  Kidang  (a.  Cibotiam,  ii.  962). 
Palso-cnrBtala      .        •        •        •       »      — 
PalagoDtte    ..••••      — 

pjiligtjrBkile 825 

Pttliuirid^r  Wood  •       .        •        •       •     ^ 
Paibdamine      )   (a.  Palladlam-' 
Palljid'diaminpJ      Ammoniacall 
PalUdanii&inine    \       (a.     Palladiom* 
Fa^I  lade  thy  )amiiifij      baMS,  Organic). 

Palladiuwi ^ 

palladium,  Alloys  of  .  •  •  .  826 
Palladium,  Bromide  of  •  •  •  827 
Palladiam,  Carbide  (rf* .  .  .  .  — 
Palladium,  Cblorides  of  ...  — 
Palladium,  Cyanides  of  (a.  Cyanidea,  a 

260). 
Pallattiam,  X>etection  and  Eatlmation 

of! 

1.  Reactions  .... 

2.  Estimation  and  Separation       •    828 
Atomic  Weight 

Palladiam,  Fluoride  of. 

Palladium,  Iodide  of    . 

Palladium,  Oxides  of  . 

Palladium,  Selentde  of. 

PdUdium,  Sulphide  of 

Palludiam-ba^ts,  Ainmcmiacal 

PallncJiumboJiia^,  Organic    .        .        .    880 

Pahnic  acid  (s.  RicinelAldicadd). 

Palmia  (i.  Kicinfllaldin). 

PaluiiitAuiide        .        .       .     '  •       .      _ 

Palmitic  acid  .       .       •       •       ,    881 

Palmiutes,  Metallio      ...    884 
Palmitic  Ethers — 

Methylic  Palmitate       .        .        .      — 

Ethylic,  AmyUc,  Cetylic,and  My- 
ricylic  Palraitates      .        .        .    885 

Palmitatea  of  Glyceiyl  or  Palml- 
tina -— 

Palmitate  of  Mannityl  .       .        .      — 

Palmitio — 

Palmitone — 

Palmitonic  add    •       .       •       •       .    886 

Palmityl 

Palm-oil  or  Palm-batter  *  .  ,  — . 
Palm -sugar  .,,,,._ 
Palm-wax 887 
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Palm-wia« ,387 

pHnabase  (b.  T«tnth«drit«). 

Pancreatic  Joioe    •        •        •        •        .      — 

Papaverine 838 

Papyrin 389 

Farabanic  add — 

Methyl-parabanic  acid .        .        .      — 

Dime'thyl-parabanic  acid      •        .    840 

Diphenyl-parabanic  acid       •        .      — 

Parabenzene  or  Parabenzol  ...      — 

Parabromalide — 

Parabromomaleic  acid  (a.  Maleic  add, 

iii.  788V 
Paracacodylic  Oxide  (a.  Arsenic-radi- 
cles, Organic,  L  407). 
Paracajputene  (a.  Cajputene,  i.  711). 
Paracampboric    acid    (a.    Camphoric 

acid,  i.  7S0). 

pHracArthamin 341 

Faracellulose — 

Paracetone  (ft.  Pinnscone). 

Parachloralide — 

Parachlurobenzoic  add         ...      — 
Paracitric  acid  (a.  Aconitic  add,  L  64). 

Faracolumbite — 

Paracyanic  add — 

Paracyanogen — 

ParadigitaJetin 842 

Paradipbosphoniam  -  coxnpotmda     (a. 

Pboaphorua- basea). 
Para-ellagic  add  Ca.  Rofigallic  acid). 
Paraffin         ..,...— 
Manafiicture  of  Paraffin  and  Paraf- 
fin oils        844 

List  of  Memoirs  relating  to  Paraf- 
fin and  allied  matten     .        .    847 
ParaglobuUretin(B.  Global  ann,ii.  846). 
Paragonite  (s.  Pregrattite,  p.  724). 

Paraguay  lea 349 

Parabexylene — 

Paralactic  acid — 

Paratbamin  (a.  Albumin,  L  68). 
Paraldehyde         .        •        •        •        .      — 

Paralleloaterism — 

Paralogite — 

Param — 

Paramaldc  add  (a.  Fomaric  add,  it 

741). 

Faramalic  add — 

Parameconic  acid  (s.  Comenic  add,  L 

1103). 
Parameniepermine  (a.  Menispermine,  iii. 

880). 
Paramic  add  >  (a.  Melliticadd,  Amidea 
Paramide       j      of,  iii  873). 
Paramidobensoic  add  (s.  Para-oxyben- 

zamic  acid,  p.  351). 
Pararaorphine  ^s.  Thebaine). 
Paramorphous  Crystals  •  •  •  850 
Paramacic  add  .  .  . 
Faramylene  or  Diamjiene  . 
Farainylone  .... 
Parana  pbthalene  or  Anthracene 

Bromanthracene    .        •        •        .    861 

Chloranthracene    .        . 

Oxanthracene        ....    352 

Dinitroxanthracene       • 

Paranicene    .... 

Paranidne    •        •        •        . 

Paraniline     .... 

Faranitrobenzoic  add  (s.  Kitrodracylio 

add,  p.  60> 
Paranthin     •••••• 
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Para-oxybeDsamIc  add       •       •       •  35S 

Axo-paraoxybeuEamio  add  .       •  — 

Para-oxybenaoic  add  ....  868 
Parapectic  acid  and  Parapeetin  (a.  Pec* 

tic  acid  and  Pectin). 

Faraphosphorio  add     •       •       •       .  — 

Farapicohne — 

Fararbodeoretitt   .       *       .       •       .  364 

Parasaccharooe — 

Parasalicyl .— 

Parasites ^. 

Parasorbic  add  (a.  Sorbic  add). 

Parastilbite ^ 

Paraaulphatammon  (s.  Salpharnide). 
Paratartaric  acid  (a.  Racemic  acid). 
Paratartramide  (s.  Racemamide). 
Paratartralic  and  Paratartrellc  adda 

(a.  Racemic  add). 

Paratartrovinie  add     .       .       •       .  ^ 

Parathinnic  acid  .        «        •        .        •  <^ 

Paratdaene  or  Paratolaol    ,       .       .  855 

Parellic  add  and  Farellin    .       ,       •  — 

Pargaaite ^ 

Faricine        ,,,,,.  ^ 

Faridin — 

Faridol 866 

Parietic  acid — 

Parietin — 

Paris  Bine •« 

Paris  Lake  (a.  Carnlne  Lake). 
Paris  Red      ..,..,_ 

Parisite         ,«,,««  — 

Paristyphnin        •••••  — 

Parmelia — 

Parmel-red  and  Fannel-yellow    •       •  ^ 

Parthenic  add 867 

Parting ,  ^ 

Passive  state  of  Metala  (b.  Electrid^, 
ii.  430). 

Paste  or  Stnas >* 

Pastinacene •  ^ 

Pttsto-redn — 

Patcboali     ..••,«_ 

Patina -« 

Fatrinite  (a.  AdcnlHe). 

Paulite •       .  — 

Paulownia •- 

Favietin       ••••«.  ^ 

Faviin — 

Pea 858 

Peach  (a.  Fruit,  ii.  715). 

Peacock  Copper  ore      •       •       •       «  ^ 

Pearl    .        ,       .        ,       ,       .       ,  — 

PearUaah 860 

Peari-mica  (s.  Haigarite). 

Pearl-sinter ^ 

Pearl-itpar    .        •,.«,...- 

Pearl -stone  .        .        ,        «       .        ,  ^ 

Peastone  or  Fisolit«      .       .       •       .  ^ 

Feat     .       .                       .       .       ,  — 

Pectaae                                ...  8611 

?«Un"^^}  C»-  ^^^  Sabrtancea> 
Fectolite       ..,«,,.• 

Pectoos  Snbstancea      •       •       •       •  868 

Pectin 864 

Parapeetin 865 

Metapectin    .       •       •       .       .  866 

Fectodc  add _ 

PecttG  add — 

Parapectic  add     •       <       .       ,  868 
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Factoas  Substances} 

HeUpectic  acid     •        •        •        •    369 
Pjnropectic  acid      ,        .        .        .      — 
General  riew  of  tbetransfonnatioiu 
of  Pectin  and  the  mutual  rela- 
tions of  Pectous  SnbsUacea       .      — 

?e(|:anite 870 

Pe^'anum — 

P«(;iiiatite — 

Pcjrmatolite  (s.  Orthoclase). 

Pejjmin ♦      — 

Pelamine  (s.  Lepidine,  iiL  673). 

Pelargone — 

PvUrgonene  (s.  Nonylene,  p.  134). 

Pelarf^onic  acid — 

PelsrKOiiic  anhydride  ....    371 

Pelarf^onic  Ether — 

PelarKyl — 

P«''It''B  llair  ......      — 

Pelicanite — 

Pfliom — 

Pelluteine — 

PflotTonite — 

Pelopitim  {».  Kiobium»  p.  48). 

Pelosine — 

Peni-atite 372 

Ptn^rhawar  Djambi       ....      — 

Pi'imine — 

Ptimite (s.  Hydronickel-magnesitc,  iit 

212). 

Ppiita — 

Ppiitathloroxylin  or  Pentachloroxvlone      — 
PfntiiAiilphop>  rophospliate     of    £tbyl 

(8.  Sulphophonphohc  ethers). 
PentHthionic  acid  (a.  Sulphur,  Oxygen- 

aculs  of). 
Pentethvlenic    Alcohol    (s.  Ethylene, 

Hydrates  of,  iL  677). 

PeploUte » 

Pep[»er  (s.  Piper). 

Pepi^frmint- camphor  (s.  MenthoU  iit 

H»i)). 
Pvpi>«rmint-nil    (s.    Piperitie,    Oleum 

Menthse,  p.  6J9). 

Pepsin — 

Peptunes 873 

Per 874 

Pcrl>romic  acid — 

Perrhlorates — 

Perdiloric  ether 876 

Pen-tihiroplatiuocyanides  (s.  Cyanides, 

ii.  2t>K), 
PiTchloroqutnone  (s.  Quinone). 
PiTchlororubiiin  («.  Hubi.-in). 
Perchloroxvuaphthalic  iicid  (s.  Oxy- 

nsphihalic  add,  (..  313). 

Penylite 877 

Pereirine — 

PenrliiTC        ......      ^ 

Pcriclin  (a  Felspar,  ii.  fi21). 
Perid.»te  (s.  OHvin,  p.  201). 
Periiiinrphoua  Crj'stnls  ....      — 

Perimlic  acid  (B.'lodine,  Oxygen-acids 

of,  hi.  807). 

Pffiftterite — 

PiTlite  (a.  Pearlstone,  p.  858). 

I'i'mianent  White         .        .        .        ,      ^ 

Pfniian);anatcs  (s.  Manganic  acids,  iii. 

Kl!»)- 
Peroffikite  or  Perowskite       ,        ,        ,      — 
Pffruwflkin  (a.  Trtphylin). 
Peroxides  (s.  Oxygen,  pp.  804,  809). 
Per»piraUon .  ....     37tl 
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PerspTTo^Hc  add  (s.  Salicylic  acid). 

Persulphidea 378 

Persulphocyanic  acid    .        •       •       •      — 
Persulphocyanogen       •       .       .       •    880 

Perthite 881 

Peru  Balsam  (s.  Balsam^  I  496). 

Perur  c  acid — 

Peruvin  (s.  Cinnylic  alcohol,  t  992). 

PeUlite ^ 

Pet:iaite         ......       ^ 

Petinine — 

Petrol — 

Trinitropetrol  •  ...  882 
Kitropetroldiamine  .  .  .  ■— 
Triethyl-nitropetroldiamine  .        .      — 

Petrolene 883 

petroleum — 

Petrosilex 886 

Peluntze       ......'— 

Petzite . — 

Peucedanin    ...«.•       ^ 
Nitropencedanin    .        •        .        .      — 
PcHcyl  (s.  Tertbilene). 

Phac'olite 887 

Phaconin       ......      -^ 

Phieoretin — 

Ptia'osin  or  Phieosic  acid      ,        *        ,      ^ 
Pharmacocalcite  (s.  Olivenite). 

I'harniaculite — 

Phannacosiderite  (s.  Cube-ore,  ii.  171). 
Phaiteolnii  (r.  Bean,  i.  &'2i). 
Phaitfiimannite  (s.  Inosite,  iii.  274). 

I'bea.'uint — 

Phcnacite  or  Fbenakite         .        .        • 
Phenamelne  .        .        .... 

rticnamvlol,    Phenates;  Phenetol  (a. 

Phenol,  p.  391). 
Phengite  (a  Mnscorite). 
Phenic  acid  (a  Phenol). 
Phenicine      .... 

Plienoic  acid         .        •  . 

Phenol 

Phenates,  Metallic 
Pbenute*),  AUrobolic:  Anisol,  Phe- 
netol. Phenatnylol 
Phenol,  Derivatives  of . 

1.  liromophonic  acids    .        • 

2.  Chlorophenic  acids; 
]>ichloruphenic  acid  *        • 
Trichlorophenic  acid . 
Pfnt.-ichloropltenic  acid 

8.  loilophenic  acids        .         . 
4.  Nitr«tph<Miic  acids: 
Xitniphenicaoid 
iHOnitrophenic  acid    . 
Nitrodichlnrnphenic  acid    . 
Nitro-di-iodophenic  acid  . 
Dinitropbenic  acid    .        . 
Dinitrnbromophenic  acid  . 
I)inilr(K.*hlorophenir  acid   . 
Trinitrophenic  or  Picric  acid 
Picrates,  Mi-tallic   . 
Pjcrates,      Alcubolic :     Picric 

Ktliers 
PiiTtite^  of  Or(canic-lKW«'s 
PirratuH  of  HvdrorarlN>ns 
Coin|tound!>  produi-ed  l-y  the  ac- 
tion «f  Ki*<liirin^  A;;cnta  on 
the  Nitnipheiiic  acids: 
1,  By  SHlphitltr  nf  Ammfinxnm  : 
Nitroplienainic,      l>iiiitro-di- 
phen.iinic  «»r  .\mido-nitro- 
I  phfinc  and       .         .  408 
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8«49 
390 

891 


392 

893 
894 


81»5 
3!'7 


899 

4110 

403 
405 
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Phflool,  Deriratlres  of; 

Bthyl-nitrophonidiM  or  Ni- 

trophenetidine ... 

Picramic,  Dinitrophenamic 

or     Amido-dinitropbenic 

acid 

Sitrocblorophenaniic     or 
Am  idonitrochl  oropbenic 

acid 

2.  By    ffydrwHe    add    and 
Stanmma  (^Uoride, 
Picramine  ... 
8.  By  Cyanide  of  Potauimm, 

Metaparpuric  acid 
4.  By  Nitrtnta  acid, 
Diazonitropbenol 
DiaaodinitropbeDol    . 
Diazonitrochloronh«nol 
Appendix  to  Pkenyi-derivative$ 
Tri-iodophenic  acid 

phenol-blue 

Phenoxacelic  add        . 

Phenyl       

Bromophenyl        ... 
Chlorophenyl         ... 
Nitropbenyl  and  IsoDitrophenyl 
BroiQonitrophenyl 
Amidopbenyl  or  BeDsidine   • 
Amidonitrophenyl 
Bromamidophenyl  or  Bromobenid- 

dine 

Dinzobenzidineor  Tetrazodi  phenyl 
Diftzobenzidine'aniline  or  Uiazo- 
diphenylene-diphenyl-tetramide 
Phenyl  Bromide  of      .        . 
Phenyl,  Chloride  of      ,        . 
Phenyl,  Cyanide  of      . 
Phenyl.  Hydrate  of  (p.  289). 
Phenrt,  Hydride  of,  or  Benzene 
Azo-  and  Amidobenzenes 
Monobromoben  zene 
Di-,  Tri-,and  Tetra-bromobeniene 
MonochloroUenzene       • 
Dichlorobenzene    . 
Tricblorobenzene  . 
Mono- iodobenzene 
Bromiodobenzene  . 
Mono-  and  Di •nitrobenzene 
Nitrobromobenzene 
Nitrodibromobenzene    . 
Nitrotetrabromobenzene 
Nitrochlorobenzene        . 
Dinitrochlorobenzene    . 
Trinitrochlorobenzeoe,     Trinitro- 
phenylic    Chloride,  or  Chloro 
picrvl         .... 
Phenyl,  Iodide  of  (p.  415). 
Phenyl,  Oxide  of . 
Phenyl,  Sulphides  of: 

Protosulphide        •        •        • 
DUulphide     .... 
Plienyl-sulphydrate  of.       •       • 
Phenvlaeetamide .... 
Sromo-,  Chloro-  and  Nitropheoyl- 
acetamides 
Phenyiamic  or  Anilic  acids . 
Phenylamides  or  Anilides    . 
^henylamidea  or  Anils . 
Phenylamines  .... 
A.  Phenyl-monamines  . 
Monophenylamine  or  Aniline 
History,  Formation,  Prepara- 
tion    •       •       • 
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406 

407 
408 

409 

410 
411 

412 

413 

414 
416 

416 


417 
418 

419 


420 


rxam 

PhanylauiineB; 

Piupertiei       .       •       •       .481 
Decompositions      .       •       •    422 
Salu  of  Aniline      ...    426 
Sabstitution  -  derivatiTes    of 
Aniline : 
1.  Formed  byreplarement  of 

Hydrogen   vitbin    the 

Pbenyl-radicle  •  .  429 
Azophenvlamine  •  .  480 
Bromaniline  .  •  .  485 
Dibromaniline.  •  •  — 
Tribromaniline  .  .  486 
Axobromophenylamine  .  — 
Axodibromopbenylamine  438 
CbloropheoTlaznine       or 

Chloraniline  •  .  ^ 
Dichloraniline ...  440 
Trichloraniline  «  .  441 
Cblorodibromaniline  .  — 
Azochloropbenylamine  ,  — 
Azodichlorphenylamine  .  ^ 
Cyanaphenylamioe  drCy- 

anilide .  •  •  .  ^ 
Cyananiline  .  •  .  4411 
lodophenylamine  or  lo- 

daniline  .  .  .  444 
Azo-iodophenylamine  .  445 
Nitrophenylamine  or  Ni- 

traniline  •  •  •  — 
Pinitraniline  .  .  •  447 
Trinitraniline  or   Plcm- 

mide  .  .    448 

Asonitrophenylamlne     •      ^ 
n.  DerivatiTes  of  Aniline 

formed  by  replacement 

of  the  extra-radical  or 

typic  Hydrogen  .  .  449 
Allylaniline  .  . 
Am'ylaniline  ,  • 
Diaroylaniline.  .  .  450 
Cetylaniline  •  • 
Ethylaniline  •  . 
Diethvlaniline  •  .  451 
EthylbromaniliQe  . 
Ethylchloraniline  • 
Dietliylchloraniitne.  .  452 
Ethyl-allyl-aniline . 
Ethvl -arayl -aniline 
Metnylaniline . 
Methyl^aniyl  aniline 
Methyl  ethyl  •aniline 
Diphenylamine  .  .  458 
Triphenylamine  • 
Tolyl-  or  Benzylaniline  .  454 
VinyNaniline  • 
B.  Phenyldiamines       .       .       .    456 

1.  EthyUnt-conmrmnda  : 
Ethyleae-dipoenyl  -diamine 
Ethylene- diph  enyl-diethyU 

diamine      .... 
Dieth  vlene-di  phenyl -diamine 

2.  Ethylidene-eomp&undt, 
Etbylidene-diphenyl -diamine    456 
Diethylidene  -  dipbenyl  -  dia- 
mine   457 

8.  Phenyl  •  diaminet    ctrntoming 
other  Afdehyde-radicU$, 
Dial1ylidene-<liphenyl-diamine     -• 
Diamylidene-dipheayl-dia- 

mine    .....      ^ 
Dibenzylidene-diphenyl-dia- 
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Beniylidene-diethyl-diphenjI- 
dUmine      ....    458 

DiheptjrUdrae-dipfaenyl  •  di- 
mine — 

HeptylMene-diallyl  -di  phenyl- 
diamine       .        .        .        .      — 

Hflptylidene-diethyl-dipbenyl- 
diamiDe       ....    459 

Products  of  the  action  of  Cin- 
samic,  Caminic,  and  Salicy- 
lic addfl  on  Aniline     .       •      — 
4.  Formjft-eompound  t 

Formyl-di  phenyl-diamine      .      — 

Azodipbenyl-diamine     .        .  <— 

Azo-bronio-diphenyl-diamine  460 
Azo-dibromo-di  {^enyl  ■  diamine    — 

Azo-chloro-diphenyl-diamine  — 
Axo>dichloro-dj  phenyl -diamine   — 

A zo-nitro-diphenyl -diamine  .  461 

Ako-  phenyl  •  naphthyl-diamine  — 

6k  Cjfano-phenifl-mamint*  .         .  — 
Cyano-di  phenyl-diamine     or 

Melaniiine  .       .       •       .  — 

Dibromomelaniline         •       •  4C3 

Dichloromelaniiine         .        .  — 

Diniodomelaniline  ...  — 

Dinitromeliiniline  .        .        .  464 

Dicyanomelaniline .       .       .  — 
G.  Phenyl-triaminee: 

1.  Carbo-triphenyl-triamine      .  ^ 
Appendix   to  Phtnylaminu ;    AniltJU'- 
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Aniline-black         •        •        .        - 

Aniline-blae 

Aniline-brovn       .        .       .       . 
Aniline  green  or  Emeraldine 
Aniline-purple  or  Mauve:  Mau- 

Teine 

Salts  of  Mauveine      .       •       • 
Aniline-red  or  Kosaniline: 

Preparation        .        •        •        . 
fPurificHtion        .        •        •        . 
Composition  and  Formation 
Salts  of  Rosaniline 
Derivatives  of  Rosaniline  . 
Tri-ethyl-rosaniline 
Aniline- violets    , 
Triphenvl-roeaniUne  or  Ani- 
line-bine    .... 
Tritolyl -rosaniline  or   Tolui- 
dine  blue    .        .        .        • 
Aniline-yellow  or  Cbrysaniline 
Phenylammoni  urns       .... 
£  Containing  only  Alcohol-radi- 
cles   

Triethyl-phenylammoninm 
Uethyl-ethyl-amylo-phenyUm- 
moninm  ..... 
Ethyl-triphenylammoniam  ? 
S;  Phenyl-aromoniums  containing 
Metals: 
Antimony,  Arsenic,  and  Bismuth- 
compounds      .... 
Cadmium,  Mercury,  Palladium, 
Tin,  and  Zinc-compounds 

Phenyl -amy] 

Phenyl -anisamide         .... 
Phenyl-arsenamic  Mid.        . 
Fhenvl-benzomides : 

^henyl-benxamide  or  Benzanilide 
Phenyl-nitrobenzamide 
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474 
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Phenyl -bensamides : 

rhenyl-dibmsamide  or  Dibansi- 

nilide. 
Diphenyl-benzamide 
Phenyl-tolyl-benzamideOT  Phenyl- 
benzyl-benzamide      . 
Phenyl  benzoyl    . 
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Pyniit(1eri[«  ,         .         *         , 

RhoilocbrDiDe        *        ■ 
PyroBmMlite  ....*. 
PyrourbiQ  «cid  (a.  Maleia    Acid^  liL 

PyrHte^rin  *■*•-■ 

PrroHtibtte  (s.  Kcnnuita^  ilL  444). 

Pyri'tarliric  acid  ,  »  , 
Pyrotartmtea  .  * 
Dibrumopyroiflrtnric  aeidi 

Pyrottrtaric  Anbydride        . 

Pyrourtaric  Ethar*      •        • 

PyrvtafCnail       «       •       • 


7€6 


76*1 
7C7 
TtiS 


7C9 


770 


771 


772 
773 
7U 


PyToloftranilic  ftdd 
P^rdlartnmide      ,         . 
PymtJiftrnnitranil  • 

PynjUirTruniUAiulic  acid 
Pyri^lrfliny  *        ,        » 
Pyroterebicacid    . 
Pyro'uric  acid  (n  Cyemnric  add,  U, 

Pyfoxftm  (s.  Xjldtdia). 
PyroKuELthiTi         « 
Pyuxatitlio^Qa     . 
PyrosEi'T>e 
PyniKgaitti  . 

I'y  Tf^Jtylin 

Gun  corton  • 
J^repttratioQ 
Pru|>t:rLi{»  , 

A|)pUc*nion  to  Gunnery     » 

AppltiLJitioa  to  oth«r  Milittry 
purp<.^<Efl»         >         .         ■ 

Api^Ucatiaa  to  Lla^tlngf 
Pymi^tyU))  fur  iht  prcpaoLtion  of 

(JuUbdiun  .         »        •        t 
Pvrrhita     ^       .       ,       •       . 
Pyrrho]  (s.  Pyrrol). 
Pyrrhopme    ..•,.> 
l'yrrhor«tin  ,         .         ,         .        . 
Pyrrbu^jdfirlta  (a  GdthLl^  li  040). 
PyrrLytin     .,.»•. 
Pyrrol   .  ,       ,        •        , 

hyrrul*rei|     .        .        .        •        . 
Pyruvic  acid  (s.  Pyroroccmic  acid,  p. 
7Ga> 


77a 


77fl 


778 

7S0 

781 
7«^ 


7^ 


7ft4 


Mim  ow  tia  ropiTB  TocrxK^ 


Tfds  look  is  the  proper  ^ 
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